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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Meteorite contains evidence of liquid water on Mars 742 million years ago
        An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite. During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists hav...

      

      
        Engineers make converting CO2 into useful products more practical
        A new electrode design developed at MIT boosts the efficiency of electrochemical reactions that turn carbon dioxide into ethylene and other products.

      

      
        Organ donation: Opt-out defaults do not increase donation rates, study finds
        A recent study shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors.

      

      
        Children's gut bacteria may hold the key to diarrhea treatment
        Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.

      

      
        Early detection, intensive treatment critical for high-risk patients with Kawasaki Disease
        A new scientific statement highlights new clinical data related to diagnosis, risk classification and treatment, emphasizing the need for tailored management strategies.

      

      
        Gas-churning monster black holes
        Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.

      

      
        An advance toward inhalable mRNA medications, vaccines
        Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.

      

      
        A step toward safer X-rays with new detector technology
        X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers have taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.

      

      
        On the origin of life: How the first cell membranes came to exist
        Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms? New research has uncovered a plausible explanation involving the reaction between two simple molecules.

      

      
        Research reveals unseen factors behind lithium-ion battery degradation
        An international team of scientists has identified a surprising factor that accelerates the degradation of lithium-ion batteries leading to a steady loss of charge. This discovery provides a new understanding of battery life and offers strategies to combat self-discharge, which could improve performance in various applications from smartphones to electric vehicles.

      

      
        Anti-fatberg invention could help unclog city sewers
        Engineers have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.

      

      
        New guideline provides treatment recommendations for restless legs syndrome
        A new clinical practice guideline provides updated recommendations for the treatment of restless legs syndrome. The guideline reflects the latest scientific evidence and recommends significant changes in the standard treatment of RLS in adults.

      

      
        Does AI improve doctors' diagnoses? Study puts it to the test
        Hospitals are already deploying artificial intelligence (AI) to enhance patient care. But can it actually improve doctors' diagnoses? A new study has surprising answers.

      

      
        Extreme weather accelerates nitrate pollution in groundwater
        Extreme weather from climate change, including droughts and heavy rains, may increase the risk of nitrates from fertilizers ending up in groundwater.

      

      
        New genetic changes linked to testicular cancer offer fresh insights into the disease and its treatment
        Scientists have identified new gene faults and evolutionary patterns contributing to testicular cancer. Their findings offer profound insights into the development of the disease and into potential treatment strategies. Among the key findings are: New potential cancer drivers in testicular cancer, including drivers specific to certain subtypes, which may help stratify patients based on their tumor characteristics A reconstruction of evolutionary trajectories of genome alterations and probable pro...

      

      
        Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease
        A research team reported recently that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

      

      
        How 'clean' does a quantum computing test facility need to be?
        How to keep stray radiation from 'shorting' superconducting qubits; a pair of studies shows where ionizing radiation is lurking and how to banish it.

      

      
        Cell aging in one organ can snowball into multi-organ failure
        The aging and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.

      

      
        New discovery may lead to more effective treatment for cardiovascular disease
        Researchers have identified a new target to treat atherosclerosis, a condition where plaque clogs arteries and causes major cardiac issues, including stroke and heart attack.

      

      
        Key influenza-severity risk factor found hiding in plain sight on our antibodies
        Why do some people develop severe flu symptoms? A study points the finger at an unsung portion of the antibodies our immune systems generate to fend off invading pathogens.

      

      
        Robot identifies plants by 'touching' their leaves
        Researchers have developed a robot that identifies different plant species at various stages of growth by 'touching' their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.

      

      
        Bird brain from the age of dinosaurs reveals roots of avian intelligence
        A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.

      

      
        We may be overestimating the association between gut bacteria and disease, machine learning study finds
        Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.

      

      
        Pioneering research shows sea life will struggle to survive future global warming
        A new study highlights how some marine life could face extinction over the next century, if human-induced global warming worsens.

      

      
        In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery
        Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains.The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin. Researchers say it has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas.

      

      
        Three galactic 'red monsters' in the early Universe
        Astronomers have identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging exist...

      

      
        Can we live on our planet without destroying it?
        How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? A new article tackles these questions.

      

      
        How to reduce social media stress by leaning in instead of logging off
        Young people's mental health may depend on how they use social media, rather than how much time they spend using it. Psychology researchers tried an experiment with three groups. They asked one group to stay off social media. They taught another group how to use it more constructively. The third group stuck with their usual routine. The group that stayed away, AND the group that used it differently, both reported improvements in their mental health.

      

      
        Building a diverse wildland fire workforce to meet future challenges
        Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.

      

      
        Fossil fuel CO2 emissions increase again in 2024
        Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research.

      

      
        From pets to pests: Researchers explore new tool to fight disease-carrying insects
        Researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.

      

      
        Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging
        Completely artificial proteins that produce bioluminescence can serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more.

      

      
        New study links air pollution with higher rates of head and neck cancer
        A recent study correlates higher levels of pollutant particulate matter to higher occurrences of head and neck aerodigestive cancer.

      

      
        Earliest ancient Maya salt works excavated
        A team of archaeologists has excavated the earliest known ancient Maya salt works in southern Belize.

      

      
        In step forward for quantum computing hardware, physicist uncovers novel behavior in quantum-driven superconductors
        A new study has uncovered important behavior in the flow of electric current through quantum superconductors, potentially advancing the development of future technologies like quantum computing.

      

      
        Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills
        Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships, according to new research.

      

      
        Young coral use metabolic tricks to resist bleaching
        Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a new study.

      

      
        Updated guidance reaffirms CPR with breaths essential for cardiac arrest following drowning
        The American Heart Association and the American Academy of Pediatrics update recommendations for untrained lay rescuers and trained rescuers resuscitating adults and children who have drowned.

      

      
        Lab-grown human immune system uncovers weakened response in cancer patients
        These miniature immune system models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

      

      
        A formula for life? New model calculates chances of intelligent beings in our Universe and beyond
        The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation. This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilizations in our Milky Way galaxy. More than 60 years on, astrophysicists have produced a different model which instead focuses on the conditions created by the a...

      

      
        Experts urge complex systems approach to assess artificial intelligence risks
        Scientists point out that a coherent approach to understanding the threats posed by artificial intelligence is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between AI and society.

      

      
        Time alone heightens 'threat alert' in teenagers -- even when connecting on social media
        Scientists detect a heightened 'threat vigilance' reaction in adolescents after a few hours of isolation, which socializing online doesn't appear to ameliorate. They say the findings might shed light on the link between loneliness and mental health conditions such as anxiety disorders, which are on the rise in young people.

      

      
        Immunotherapy drug pembrolizumab improves outcomes for patients with soft tissue sarcoma
        Addition of the immunotherapy drug pembrolizumab to standard of care for patients with advanced soft tissue sarcoma of the limb significantly improved disease-free survival, according to the results of the SU2C-SARC032 clinical trial.

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Novel calculator predicts risk of epilepsy after rare stroke
        A practical calculator predicts the risk of epilepsy after venous stroke. The aim is to improve care for those affected, which are predominantly young adults.

      

      
        Giving robots superhuman vision using radio signals
        Researchers have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

      

      
        Facing the wind: How trees behave across various forest settings and weather events
        A recent study on Cryptomeria japonica plots shows that trees dissipate wind energy by switching between two swaying behaviors at specific wind speeds, offering insights that may help in improved forest management to minimize damage caused by storms.

      

      
        More than one third of Vietnam's mammal species are at risk of extinction, study finds
        A recent study highlights that over one-third of Vietnam's 329 mammal species are threatened with extinction.

      

      
        In unity towards complex structures
        When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.

      

      
        Glioblastoma: New treatment attacks brain tumors from multiple angles
        Glioblastoma is the most common kind of malignant brain tumor in adults. So far, no treatment has been able to make this aggressive tumor permanently disappear. The tumor cells are too varied, and the microenvironment is too tumor-friendly. Researchers have now developed an immunotherapy that not only attacks the tumor -- it also turns its microenvironment against it.
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Meteorite contains evidence of liquid water on Mars 742 million years ago | ScienceDaily
An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth somewhere near Purdue and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite.


						
During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists have long wondered when that interaction with liquid water took place. An international collaboration of scientists including two from Purdue University's College of Science have recently determined the age of the minerals in the Lafayette Meteorite that formed when there was liquid water. The team has published its findings in Geochemical Perspective Letters.

Marissa Tremblay, assistant professor with the Department of Earth, Atmospheric, and Planetary Sciences (EAPS) at Purdue University, is the lead author of this publication. She uses noble gases like helium, neon and argon, to study the physical and chemical processes shaping the surfaces of Earth and other planets. She explains that some meteorites from Mars contain minerals that formed through interaction with liquid water while still on Mars.

"Dating these minerals can therefore tell us when there was liquid water at or near the surface of Mars in the planet's geologic past," she says. "We dated these minerals in the Martian meteorite Lafayette and found that they formed 742 million years ago. We do not think there was abundant liquid water on the surface of Mars at this time. Instead, we think the water came from the melting of nearby subsurface ice called permafrost, and that the permafrost melting was caused by magmatic activity that still occurs periodically on Mars to the present day."

In this publication, her team demonstrated that the age obtained for the timing of water-rock interaction on Mars was robust and that the chronometer used was not affected by things that happened to Lafayette after it was altered in the presence of water.

"The age could have been affected by the impact that ejected the Lafayette Meteorite from Mars, the heating Lafayette experienced during the 11 million years it was floating out in space, or the heating Lafayette experienced when it fell to Earth and burned up a little bit in Earth's atmosphere," she says. "But we were able to demonstrate that none of these things affected the age of aqueous alteration in Lafayette."

Ryan Ickert, senior research scientist with Purdue EAPS, is a co-author of the paper. He uses heavy radioactive and stable isotopes to study the timescales of geological processes. He demonstrated that other isotope data (previously used to estimate the timing of water-rock interaction on Mars) were problematic and had likely been affected by other processes.




"This meteorite uniquely has evidence that it has reacted with water. The exact date of this was controversial, and our publication dates when water was present," he says.

Found in a drawer

Thanks to research, quite a bit is known about the Lafayette Meteorite's origin story. It was ejected from the surface of Mars about 11 million years ago by an impact event.

"We know this because once it was ejected from Mars, the meteorite experienced bombardment by cosmic ray particles in outer space, that caused certain isotopes to be produced in Lafayette," Tremblay says. "Many meteoroids are produced by impacts on Mars and other planetary bodies, but only a handful will eventually fall to Earth."

But once Lafayette hit Earth, the story gets a little muddy. It is known for certain that the meteorite was found in a drawer at Purdue University in 1931. But how it got there is still a mystery. Tremblay and others made strides in explaining the history of the post-Earth timeline in a recent publication.

"We used organic contaminants from Earth found on Lafayette (specifically, crop diseases) that were particularly prevalent in certain years to narrow down when it might have fallen, and whether the meteorite fall may have been witnessed by someone," Tremblay says.




Meteorites: time capsules of the universe

Meteorites are solid time capsules from planets and celestial bodies from our universe. They carry with them bits of data that can be unlocked by geochronologists. They set themselves apart from rocks that may be found on Earth by a crust that forms from its descent through our atmosphere and often form a fiery entrance visible in the night's sky.

"We can identify meteorites by studying what minerals are present in them and the relationships between these minerals inside the meteorite," says Tremblay. "Meteorites are often denser than Earth rocks, contain metal, and are magnetic. We can also look for things like a fusion crust that forms during entry into Earth's atmosphere. Finally, we can use the chemistry of meteorites (specifically their oxygen isotope composition) to fingerprint which planetary body they came from or which type of meteorite it belongs to."

An international collab

The team involved with this publication included an international collaboration of scientists. The team also includes Darren F. Mark, Dan N. Barfod, Benjamin E. Cohen, Martin R. Lee, Tim Tomkinson and Caroline L. Smith representing the Scottish Universities Environmental Research Centre (SUERC), the Department of Earth and Environmental Science at the University of St Andrews, the School of Geographical and Earth Sciences at the University of Glasgow, the School of Earth Sciences at the University of Bristol, and the Science Group at The Natural History Museum in London.

"Before moving to Purdue, Ryan and I were both based at the Scottish Universities Environmental Research Centre, where the argon-argon isotopic analyses of the alteration minerals in Lafayette took place" Tremblay says. "Our collaborators at SUERC, the University of Glasgow, and the Natural History Museum have previously done a lot of work studying the history of Lafayette."

Dating the alteration minerals in Lafayette and, more generally, in this class of meteorites from Mars called nakhlites, has been a long-term objective in planetary science because scientists know that the alteration happened in the presence of liquid water on Mars. However, these materials are especially difficult to date, and previous attempts at dating them had either been very uncertain and/or likely affected by processes other than aqueous alteration.

"We have demonstrated a robust way to date alteration minerals in meteorites that can be applied to other meteorites and planetary bodies to understand when liquid water might have been present," Tremblay says.

Because of the Stahura Undergraduate Meteorite Fund, Tremblay and Ickert will be able to continue studying the geochemistry and histories of meteorites and undergraduates at Purdue EAPS will be able to assist in this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241113160829.htm
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Engineers make converting CO2 into useful products more practical | ScienceDaily
As the world struggles to reduce greenhouse gas emissions, researchers are seeking practical, economical ways to capture carbon dioxide and convert it into useful products, such as transportation fuels, chemical feedstocks, or even building materials. But so far, such attempts have struggled to reach economic viability.


						
New research by engineers at MIT could lead to rapid improvements in a variety of electrochemical systems that are under development to convert carbon dioxide into a valuable commodity. The team developed a new design for the electrodes used in these systems, which increases the efficiency of the conversion process.

The findings will be reported in the journal Nature Communications, in a paper by MIT doctoral student Simon Rufer, professor of mechanical engineering Kripa Varanasi, and three others.

"The CO2 problem is a big challenge for our times, and we are using all kinds of levers to solve and address this problem," Varanasi says. It will be essential to find practical ways of removing the gas, he says, either from sources such as power plant emissions, or straight out of the air or the oceans. But then, once the CO2 has been removed, it has to go somewhere.

A wide variety of systems have been developed for converting that captured gas into a useful chemical product, Varanasi says. "It's not that we can't do it -- we can do it. But the question is how can we make this efficient? How can we make this cost-effective?"

In the new study, the team focused on the electrochemical conversion of CO2 to ethylene, a widely used chemical that can be made into a variety of plastics as well as fuels, and which today is made from petroleum. But the approach they developed could also be applied to producing other high-value chemical products as well, including methane, methanol, carbon monoxide, and others, the researchers say.

Currently, ethylene sells for about $1,000 per ton, so the goal is to be able to meet or beat that price. The electrochemical process that converts CO2 into ethylene involves a water-based solution and a catalyst material, which come into contact along with an electric current in a device called a gas diffusion electrode.




There are two competing characteristics of the gas diffusion electrode materials that affect their performance: They must be good electrical conductors so that the current that drives the process doesn't get wasted through resistance heating, but they must also be "hydrophobic," or water repelling, so the water-based electrolyte solution doesn't leak through and interfere with the reactions taking place at the electrode surface.

Unfortunately, it's a tradeoff. Improving the conductivity reduces the hydrophobicity, and vice versa. Varanasi and his team set out to see if they could find a way around that conflict, and after many months of trying, they did just that.

The solution, devised by Rufer and Varanasi, is elegant in its simplicity. They used a plastic material, PTFE (essentially Teflon), that has been known to have good hydrophobic properties. However, PTFE's lack of conductivity means that electrons must travel through a very thin catalyst layer, leading to significant voltage drop with distance. To overcome this limitation, the researchers wove a series of conductive copper wires through the very thin sheet of the PTFE.

"This work really addressed this challenge, as we can now get both conductivity and hydrophobicity," Varanasi says.

Research on potential carbon conversion systems tends to be done on very small, lab-scale samples, typically less than 1-inch (2.5-centimeter) squares. To demonstrate the potential for scaling up, Varanasi's team produced a sheet 10 times larger in area and demonstrated its effective performance.

To get to that point, they had to do some basic tests that had apparently never been done before, running tests under identical conditions but using electrodes of different sizes to analyze the relationship between conductivity and electrode size. They found that conductivity dropped off dramatically with size, which would mean much more energy, and thus cost, would be needed to drive the reaction.




"That's exactly what we would expect, but it was something that nobody had really dedicatedly investigated before," Rufer says. In addition, the larger sizes produced more unwanted chemical byproducts besides the intended ethylene.

Real-world industrial applications would require electrodes that are perhaps 100 times larger than the lab versions, so adding the conductive wires will be necessary for making such systems practical, the researchers say. They also developed a model which captures the spatial variability in voltage and product distribution on electrodes due to ohmic losses. The model along with the experimental data they collected enabled them to calculate the optimal spacing for conductive wires to counteract the drop off in conductivity.

In effect, by weaving the wire through the material, the material is divided into smaller subsections determined by the spacing of the wires. "We split it into a bunch of little subsegments, each of which is effectively a smaller electrode," Rufer says. "And as we've seen, small electrodes can work really well."

Because the copper wire is so much more conductive than the PTFE material, it acts as a kind of superhighway for electrons passing through, bridging the areas where they are confined to the substrate and face greater resistance.

To demonstrate that their system is robust, the researchers ran a test electrode for 75 hours continuously, with little change in performance. Overall, Rufer says, their system "is the first PTFE-based electrode which has gone beyond the lab scale on the order of 5 centimeters or smaller. It's the first work that has progressed into a much larger scale and has done so without sacrificing efficiency."

The weaving process for incorporating the wire can be easily integrated into existing manufacturing processes, even in a large-scale roll-to-roll process, he adds.

"Our approach is very powerful because it doesn't have anything to do with the actual catalyst being used," Rufer says. "You can sew this micrometric copper wire into any gas diffusion electrode you want, independent of catalyst morphology or chemistry. So, this approach can be used to scale anybody's electrode."

"Given that we will need to process gigatons of CO2 annually to combat the CO2 challenge, we really need to think about solutions that can scale," Varanasi says. "Starting with this mindset enables us to identify critical bottlenecks and develop innovative approaches that can make a meaningful impact in solving the problem. Our hierarchically conductive electrode is a result of such thinking."

The research team included MIT graduate students Michael Nitzsche and Sanjay Garimella, as well as Jack Lake PhD '23. The work was supported by Shell, through the MIT Energy Initiative.
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Organ donation: Opt-out defaults do not increase donation rates, study finds | ScienceDaily
A recent study by the Max Planck Institute for Human Development, in collaboration with the MSB Medical School Berlin and the Max Planck UCL Centre for Computational Psychiatry and Ageing Research, shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors. The results of the study have been published in the journal Public Health.


						
With the demand for donor organs far outstripping the supply, calls for changes in public policy are growing. An opt-out ('presumed consent') default policy is often seen as a promising approach. This policy stipulates that all adults are automatically considered potential organ donors after their death, unless they explicitly withdraw their consent during their lifetime. In contrast, the opt-in ('explicit consent') system requires potential donors to actively consent to donate their organs after they die. The discussion around implementing an opt-out policy has recently gained traction again in Germany, raising the question of whether such a change in policy would actually lead to an increase in the number of deceased organ donors.

A recent analysis of all member countries of the Organisation for Economic Co-operation and Development (OECD) found no significant difference in deceased donor rates between opt-in and opt-out countries, but significantly fewer living donors -- individuals who voluntarily donate organs, like a kidney, while alive -- in opt-out countries. However, such cross-sectional analyses cannot control for all country-specific factors like health infrastructure, culture, and religious issues -- all of which can influence donation rates.

To address the limitations of prior research, the current study used a longitudinal approach, analyzing changes in deceased donor rates over time in five countries -- Argentina, Chile, Sweden, Uruguay, and Wales -- that had switched from an opt-in to an opt-out default policy. This method provided a more reliable assessment of the impact of opt-out policies by controlling for long-term trends and country-specific factors.

Data was collected from international databases, including the International Registry in Organ Donation and Transplantation (IRODaT) and the Global Observatory on Donation and Transplantation (GODT). Of the 39 countries that had changed from explicit to presumed consent by December 2019, only five could be included in the analysis due to a lack of historical data for changes made before the IRODaT database was launched in 1996 and because presumed consent practices often existed informally prior to formal legislation.

Consistent with previous cross-sectional analyses, the study found that switching the default from opt-in to opt-out did not lead to any increase in organ donation rates in the five countries considered. Moreover, the results indicated that the opt-out default did not cause even a slight upward curve in organ donations: the long-term trend remained the same, showing no change in the rate following the switch. As expected, the results did show a reduction in deceased donations with the onset of the COVID-19 pandemic, with only a slow recovery observed by 2022.

"Simply switching to an opt-out system does not automatically lead to more organ donations," states author Mattea Dallacker, who led the project at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "Without accompanying measures, such as investments in the healthcare system and public awareness campaigns, a shift to an opt-out default is unlikely to increase organ donations. There is no easy solution to the complex challenge of boosting organ donation rates," she continues.

The study also underscores the crucial role of relatives in organ donation decisions. Even in presumed consent systems, where individuals are considered donors unless they opt out, families are often consulted and can override the presumed consent. Since many people do not talk about their donation wishes with loved ones, presumed consent can lead to uncertainty and hesitation among families, potentially resulting in refusals.

"A possible alternative to the opt-out system is a mandatory choice system," says Ralph Hertwig, Director at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "This would allow citizens to explicitly register their consent or objection to organ donation, when applying for a driver's license or ID card, for example. This active choice system could prompt people to make an informed decision, which would eliminate the perceived ambiguity about their preference that appears to lead to higher family refusal rates. Good and accessible information about organ donation is essential for informed choice," Hertwig continues.
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Children's gut bacteria may hold the key to diarrhea treatment | ScienceDaily
Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now, Danish and Ethiopian researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.


						
Our intestines are home to a microbiotic universe in which bacteria train our immune systems to be resilient, produce vitamins and transform the foods that we consume into beneficial compounds. Imbalances in this gut microbiome can be linked to various illnesses, including obesity, diabetes and diarrhea.

In developing countries, acute and chronic diarrhea is a widespread problem among children and leads to the deaths of half a million children under the age of five every year. Acute diarrhea often resolves on its own and can typically be treated with antibiotics. But once it progresses to a chronic form, it can leave children severely ill and underdeveloped, making treatment much harder. Until now, the cause of chronic diarrhea has remained unclear.

"Persistent diarrhea in adults can be extremely unpleasant but is rarely life-threatening. However, for a child, it can have lifelong consequences. While acute diarrhea has become much more treatable over the past fifty years, little progress has been made in treating the chronic type, which is what sparked our interest," explains Dennis Sandris Nielsen, a professor at the University of Copenhagen's Department of Food Science.

In a new study published in Nature Communications, Nielsen and his Ethiopian colleague Getnet Tesfaw mapped the gut microbiome of over 1,300 children under five years of age in Ethiopia. The study's main conclusion is clear: children with chronic or persistent diarrhea have significantly lower and different bacterial diversity compared to healthy children.

"Our results show a clear link between gut bacteria composition and the duration of diarrhea. Children with chronic diarrhea not only have more harmful bacteria, but notably fewer beneficial ones," explains Tesfaw, who will defend his PhD thesis on the topic later in November.

A vicious cycle of diarrhea

Researchers used DNA sequencing to identify various beneficial and harmful bacteria in stool samples. Results indicate that children with chronic diarrhea have an overrepresentation of harmful bacteria, such as Escherichia and Campylobacter, while the presence of beneficial bacteria, such as Faecalibacterium, is significantly reduced.




The study also revealed that children with chronic diarrhea lack bacteria that produce short-chain fatty acids, which are typically produced by beneficial bacteria and play an essential role in gut health.

Acute diarrhea is defined as lasting from one to six days, while chronic diarrhea persists for a week or more. According to Nielsen, the results indicate that chronic diarrhea develops if beneficial, short-chain fatty acids producing microbes are lost to an extent that the children's gut microbiomes for unkonwon reasons fail to recover from after for instance antibiotic treatment for acute cases.

"The progression into persistent diarrhea seems to be driven by a loss of beneficial bacteria. We do not yet know the exact cause, but we speculate that while antibiotics may be necessary to treat acute diarrhea, they also kill off good gut bacteria. As a result, children may enter a vicious cycle where chronic diarrhea takes over because they don't consume the right foods to restore these beneficial bacteria," the researcher explains.

Local "superfood" to the rescue

The new mapping of gut bacteria in children with chronic diarrhea offers a deeper understanding of the problem's causes and makes it easier to develop new, targeted treatments that could restore a healthy gut microbiome.

According to Tesfaw, the primary focus of treatment should be on designing an optimal diet to help restore the microbiome in affected children. Ideally, this diet would be familiar to the local population, accessible and sustainable. The researchers already have a potential main ingredient in mind.

"In Ethiopia, they have a superfood grain called teff, which is rich in nutrients and fiber. It clearly has the potential to serve as a dietary supplement that could help stop chronic diarrhea," says Nielsen.

However, further studies are needed, and the researchers hope to secure funding for a new research project in the near future.
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Early detection, intensive treatment critical for high-risk patients with Kawasaki Disease | ScienceDaily
Advances in cardiac imaging techniques and risk categorization have led to improvements in diagnosis, initial treatment and long-term management of patients with Kawasaki Disease, according to a new scientific statement published today in the American Heart Association's flagship, peer-reviewed journal Circulation.


						
The new statement, "Update on Diagnosis and Management of Kawasaki Disease," summarizes the data published since the 2017 American Heart Association Scientific Statement on Kawasaki Disease related to diagnostic criteria, risk scores and treatment options for children and adults with this condition.

Statement highlights include:
    	Kawasaki Disease is a rare but serious illness primarily affecting children younger than five years old. The disease can cause inflamed blood vessels throughout the body, and it is the leading cause of acquired (not congenital) heart disease in children throughout the developed world.
    	Although the cause of Kawasaki Disease is still unknown, however, there is a strong suspicion that the cause is infectious but no single infectious agent has been implicated. Health care professionals diagnose Kawasaki Disease based on a set of well-established symptoms, including prolonged fever, rash, reddened eyes and swelling of the hands and feet. Without timely treatment, one in four children can develop coronary artery dilation and/or coronary artery aneurysms.
    	Health care professionals use coronary artery Z-scores, a measurement that compares the coronary artery diameter of a child with Kawasaki Disease to the expected diameter of coronary arteries in healthy children of similar age, sex and body size to evaluate coronary abnormalities and classify risk. Children with Z-scores greater than 2.5 are at increased risk for developing coronary artery aneurysms. Although a Z-score alone should not determine the damage to coronary arteries, the statement highlights the need for consistent Z-score equation over time to ensure a patient's risk classification does not change.
    	Early identification of children with Kawasaki Disease at risk of developing coronary artery aneurysms remains a challenge in a multiethnic population and it is critical to diagnose Kawasaki Disease early for optimal management. A new risk scoring system specific to children in North America combines factors like age younger than six months, Asian race, elevated coronary artery Z-scores of at least 2 and higher C-reactive protein levels (a substance in the blood that is elevated when there's inflammation in the body). These advancements help clinicians identify high-risk patients who might require more intensive initial treatment to potentially reduce coronary artery complications?.
    	The statement suggests echocardiograms at regular time intervals, with a higher frequency in patients with coronary artery Z-scores greater than 2.5, to track the progression of any coronary artery abnormalities during hospitalization or after discharge. Echocardiographic, or heart ultrasound, techniques have improved since 2017 to better detect coronary artery dilation or aneurysms, which can help patients avoid more serious and/or long-term heart problems.
    	Intravenous immunoglobulin (IVIG), a mixture of antibodies and proteins to help fight infections, remains the standard of care for patients with Kawasaki Disease. Studies have shown, however, that dosing adjustments based on lean body mass in patients with obesity can help reduce the risks of complications.
    	The statement reevaluates the use of aspirin during the acute phase of Kawasaki Disease. Recent studies have shown using low- or medium-dose aspirin may be just as effective as high-dose aspirin. Ongoing trials are comparing different doses to confirm these results.
    	Recent studies have found adding other therapies, such as corticosteroids or infliximab, can help children with Kawasaki Disease who are at high risk for IVIG resistance. These new options may be effective in preventing coronary artery complications and offer health care professionals more options in managing treatment-resistant cases.
    	For children with Kawasaki Disease who have larger coronary aneurysms, blood-thinning medications like aspirin (typically 81 mg daily) combined with anticoagulants, such as warfarin or low molecular weight heparin, may help prevent dangerous blood clots. Recent evidence indicates that using direct oral anticoagulants in the treatment of patients with large coronary artery aneurysms may be more effective and safer, require less monitoring and have fewer side effects, however, further research is needed to confirm these findings.
    	The outbreak of COVID-19 saw an increase in a related condition called Multisystem Inflammatory Syndrome in Children (MIS-C). MIS-C became a diagnostic challenge since many symptoms including fever, rash and heart-related issues, overlap with symptoms of Kawasaki Disease. New data have helped differentiate the two conditions by identifying additional symptoms of MIS-C that include gastrointestinal issues, a low number of platelets that could cause bruising or bleeding, and a lower than normal number of white blood cells. In contrast, coronary artery involvement remains a hallmark of Kawasaki Disease, helping health care professionals make more accurate diagnoses. Machine learning algorithms have also been developed that may help clinicians distinguish between Kawasaki Disease and MIS-C.
    	All medical centers with patients with Kawasaki Disease and giant coronary artery aneurysms need to have a multidisciplinary heart team and a protocol in place to address major adverse cardiac events.
    	This updated scientific statement highlights the need for a formal transition program to ensure continuity of care for adolescents and adults with a history of Kawasaki Disease. Patients with giant aneurysms remain at high risk for heart attack and require lifelong monitoring and care. Further research is needed to optimize the timing and methods used to monitor long-term heart health in patients with the disease.
    	Individuals with Kawasaki Disease who plan on becoming pregnant are at high risk for adverse cardiac events and require care from obstetricians who have knowledge of Kawasaki Disease in tandem with consultations with a cardiologist.

This scientific statement was prepared by the volunteer writing group on behalf of the American Heart Association's Rheumatic Feber, Endocarditis, and Kawasaki Disease Committee of the Council on Lifelong Congenital Heart Disease and Heart Health in the Youn; the Council on Cardiovascular and Stroke Nursing; the Council on Cardiovascular Radiology and Intervention; and the Council on Clinical Cardiology. American Heart Association scientific statements promote greater awareness about cardiovascular diseases and stroke issues and help facilitate informed health care decisions. Scientific statements outline what is currently known about a topic and what areas need additional research. While scientific statements inform the development of guidelines, they do not make treatment recommendations. American Heart Association guidelines provide the Association's official clinical practice recommendations.

Statement writing group authors and their disclosures are listed in the manuscript.

The Association receives funding primarily from individuals. Foundations and corporations (including pharmaceutical, device manufacturers and other companies) also make donations and fund specific Association programs and events. The Association has strict policies to prevent these relationships from influencing the science content.
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Gas-churning monster black holes | ScienceDaily
Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.


						
"It's a very weird event, called AT 2021hdr, that keeps recurring every few months," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Institute of Astrophysics, the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, and University of Valparaiso in Chile. "We think that a gas cloud engulfed the black holes. As they orbit each other, the black holes interact with the cloud, perturbing and consuming its gas. This produces an oscillating pattern in the light from the system."

A paper about AT 2021hdr, led by Hernandez-Garcia, was published Nov. 13 in the journal Astronomy and Astrophysics.

The dual black holes are in the center of a galaxy called 2MASX J21240027+3409114, located 1 billion light-years away in the northern constellation Cygnus. The pair are about 16 billion miles (26 billion kilometers) apart, close enough that light only takes a day to travel between them. Together they contain 40 million times the Sun's mass.

Scientists estimate the black holes complete an orbit every 130 days and will collide and merge in approximately 70,000 years.

AT 2021hdr was first spotted in March 2021 by the Caltech-led ZTF (Zwicky Transient Facility) at the Palomar Observatory in California. It was flagged as a potentially interesting source by ALeRCE (Automatic Learning for the Rapid Classification of Events). This multidisciplinary team combines artificial intelligence tools with human expertise to report events in the night sky to the astronomical community using the mountains of data collected by survey programs like ZTF.

"Although this flare was originally thought to be a supernova, outbursts in 2022 made us think of other explanations," said co-author Alejandra Munoz-Arancibia, an ALeRCE team member and astrophysicist at the Millennium Institute of Astrophysics and the Center for Mathematical Modeling at the University of Chile. "Each subsequent event has helped us refine our model of what's going on in the system."

Since the first flare, ZTF has detected outbursts from AT 2021hdr every 60 to 90 days.




Hernandez-Garcia and her team have been observing the source with Swift since November 2022. Swift helped them determine that the binary produces oscillations in ultraviolet and X-ray light on the same time scales as ZTF sees them in the visible range.

The researchers conducted a Goldilocks-type elimination of different models to explain what they saw in the data.

Initially, they thought the signal could be the byproduct of normal activity in the galactic center. Then they considered whether a tidal disruption event -- the destruction of a star that wandered too close to one of the black holes -- could be the cause.

Finally, they settled on another possibility, the tidal disruption of a gas cloud, one that was bigger than the binary itself. When the cloud encountered the black holes, gravity ripped it apart, forming filaments around the pair, and friction started to heat it. The gas got particularly dense and hot close to the black holes. As the binary orbits, the complex interplay of forces ejects some of the gas from the system on each rotation. These interactions produce the fluctuating light Swift and ZTF observe.

Hernandez-Garcia and her team plan to continue observations of AT 2021hdr to better understand the system and improve their models. They're also interested in studying its home galaxy, which is currently merging with another one nearby -- an event first reported in their paper.

"As Swift approaches its 20th anniversary, it's incredible to see all the new science it's still helping the community accomplish," said S. Bradley Cenko, Swift's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "There's still so much it has left to teach us about our ever-changing cosmos."
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An advance toward inhalable mRNA medications, vaccines | ScienceDaily
Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study in the Journal of the American Chemical Society reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.


						
mRNA medicines encode proteins that could treat or prevent a variety of illnesses, including lung diseases. However, these proteins are delicate and can't enter cells by themselves. To get intact mRNA inside lung cells, tiny fatty spheres (known as lipid nanoparticles) can be used like suitcases to store and transport the components until they reach their final destination. However, early versions of fatty spheres for mRNA delivery won't work for inhalable medications because the nanoparticles clump together or increase in size when sprayed into the air. To try to address this problem, previous researchers attached a polymer, such as polyethylene glycol, onto one of the particle's fatty components, but this didn't stabilize the resulting lipid nanoparticles enough.

Now, Daniel Anderson, Allen Jiang, Sushil Lathwal and colleagues have hypothesized that a different type of polymer, one with repeating units of positively and negatively charged components called a zwitterionic polymer, could create mRNA-containing lipid nanoparticles that can withstand nebulization (turning a liquid into a mist). The researchers synthesized a variety of lipid nanoparticles out of four ingredients: a phospholipid, cholesterol, an ionizable lipid, and lipids of different lengths attached to zwitterionic polymers of various lengths. Initial tests indicated that many of the resulting lipid nanoparticles efficiently held mRNA and didn't change size during misting or after being misted.

Then in animal trials, the researchers determined that a lower-cholesterol version of the lipid nanoparticles with zwitterionic polymers was the optimal formulation for aerosol delivery. When transporting an mRNA encoding a luminescent protein, this nanoparticle produced the highest luminescence within the animals' lungs and a uniform protein expression in the tissues, thereby demonstrating that it had the best ability to deliver inhaled mRNA. Mice given three airborne doses of the optimal nanoparticle over a 2-week period maintained consistent luminescent protein production without experiencing measurable inflammation in the lungs. The delivery method even worked in mice with a thick layer of mucus lining their airways, which was meant to model the lungs of people with cystic fibrosis. Taken together, the researchers say this set of results demonstrates the successful airborne delivery of mRNA using zwitterionic polymers in lipid nanoparticles. As a next step, they plan to conduct tests in larger animals.

The authors acknowledge funding from the U.S. National Institutes of Health, Sanofi (formerly Translate Bio), the Cystic Fibrosis Foundation, the Massachusetts Institute of Technology Undergraduate Research Opportunities Program, and the Koch Institute Support (core) Grant from the National Cancer Institute.

The authors have filed a patent on this technology. Some authors are founders of oRNA Therapeutics and Moderna, biotechnology companies that produce RNA and mRNA medicines, respectively.
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A step toward safer X-rays with new detector technology | ScienceDaily
X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers publishing in ACS Central Sciencehave taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.


						
"This advancement reduces detection limits and paves the way for safer and more energy-efficient medical imaging and industrial monitoring," says Omar F. Mohammed, the corresponding author on the study. "It demonstrates that cascade-engineered devices enhance the capabilities of single crystals in X-ray detection."

Just like visible light and radio waves, X-rays are a form of electromagnetic radiation. Their high-energy state allows them to pass through most objects -- including the soft tissues of our bodies. To produce an X-ray image, called a radiograph, the rays either pass through the body and appear as shadowy shapes on the image, or get stuck in denser tissues like bones, leaving behind a brighter, white area. The amount of radiation a patient is exposed to during a single scan is not dangerous, and one would have to undergo thousands of scans to start to notice compounding effects. However, these repeated exposures to high-energy rays can damage electronic equipment or pose a risk to someone like an X-ray technician. So, the fewer rays used during a scan, the better, right?

Unfortunately, fewer rays mean a lower-quality radiograph. But by increasing the sensitivity of the detector, a low-dose, high-quality X-ray could theoretically be produced. So, Omar Mohammed and colleagues at the King Abdullah University of Science and Technology engineered a device that facilitates these safer X-ray conditions.

To increase X-ray detector sensitivity, the researchers aimed to minimize the dark current -- the residual background noise -- generated by the device. To do so, they created detectors using specialized methylammonium lead bromide perovskite crystals, and then they connected the crystals in an electrical configuration known as a cascade.

The cascade configuration nearly halved the dark current, which improved the X-ray detection limit by five times compared with previous detectors made from the same crystals but without the cascade. Radiographs made with the new detector revealed fine details, such as a metal needle piercing a raspberry and the interior components of a USB cable. The team states that this technology is a promising method for developing foldable, safer and sensitive commercial X-ray devices, which would serve to minimize radiation exposure during medical procedures and capture subtle details in industrial monitoring.

The authors acknowledge funding from the King Abdullah University of Science and Technology (KAUST).
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On the origin of life: How the first cell membranes came to exist | ScienceDaily
Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms?


						
New research from the lab of University of California San Diego Professor of Chemistry and Biochemistry Neal Devaraj has uncovered a plausible explanation involving the reaction between two simple molecules. This work appears in Nature Chemistry.

Life on Earth requires lipid membranes -- the structure of a cell that houses its interior mechanics and acts as a scaffold for many biological reactions. Lipids are made from long chains of fatty acids, but before the existence of complex life, how did these first cell membranes form from the simple molecules present on Earth billions of years ago?

Scientists believe that simple molecules of short fatty chains of fewer than 10 carbon-carbon bonds (complex fatty chains can have nearly twice that many bonds) were abundant on early Earth. However, molecules with longer chain lengths are necessary to form vesicles, the compartments that house a cell's complicated machinery.

While it may have been possible for some simple fatty molecules to form lipid compartments on their own, the molecules would be needed in very high concentrations that likely did not exist on a prebiotic Earth -- a time when conditions on Earth may have been hospitable to life but none yet existed.

"On the surface, it may not seem novel because lipid production happens in the presence of enzymes all the time," stated Devaraj, who is also the Murray Goodman Endowed Chair in Chemistry and Biochemistry. "But over four billion years ago, there were no enzymes. Yet somehow these first protocell structures were formed. How? That's the question we were trying to answer."

To uncover an explanation for these first lipid membranes, Devaraj's team started with two simple molecules: an amino acid named cysteine and a short-chain choline thioester, similar to molecules involved in the biochemical formation and degradation of fatty acids.




The researchers used silica glass as a mineral catalyst because the negatively charged silica was attracted to the positively charged thioester. On the silica surface, the cysteine and thioesters spontaneously reacted to form lipids, generating protocell-like membrane vesicles stable enough to sustain biochemical reactions. This happened at lower concentrations than what would be needed in the absence of a catalyst.

"Part of the work we're doing is trying to understand how life can emerge in the absence of life. How did that matter-to-life transition initially occur?" said Devaraj. "Here we have provided one possible explanation of what could have happened."

Full list of authors: Christy J. Cho, Taeyang An, Alessandro Fracassi, Roberto J. Brea and Neal K. Devaraj (all UC San Diego); Yei-Chen Lai, Alberto Vazquez-Salazar and Irene A. Chen (all UCLA).

This research was supported, in part, by National Science Foundation (EF-1935372) and the National Institutes of Health (R35-GM141939).
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Research reveals unseen factors behind lithium-ion battery degradation | ScienceDaily
An international team of scientists has identified a surprising factor that accelerates the degradation of lithium-ion batteries leading to a steady loss of charge. This discovery provides a new understanding of battery life and offers strategies to combat self-discharge, which could improve performance in various applications from smartphones to electric vehicles.


						
According to Art?ras Vailionis, a core lead of the X-ray and Surface Analysis group at Stanford University and a visiting professor at the Lithuanian Kaunas University of Technology (KTU), it has been (and still is) commonly believed that the self-discharge of a fully charged battery is due to the diffusion of lithium atoms from the electrolyte to the battery's cathode.

"However, our study has shown that it is the diffusion of protons (hydrogen ions) that is causing a battery's self-discharge. Based on the results of this study, it is possible to propose ways to extend the life of the battery by reducing self-discharge," says Vailionis.

These ways may include supplementing additives to the electrolyte that do not contain hydrogen molecules, such as CH2, or using a special coating to reduce the cathode surface's reaction with the electrolyte.

Longer battery life for greener and more cost-effective technologies

Prof. Vailionis explains that self-discharge shortens both the calendar and cyclic life of the battery, and over time it causes a decrease in its voltage and capacity. The limited lifespan of a lithium battery has environmental and economic impacts; therefore, it is important to understand and prevent this issue.

The discovery of an entirely new phenomenon behind the self-discharge of the batteries might pave the way to greener, more cost-effective and more reliable technology.




"The longer lifetime of lithium-ion batteries means that consumers need to change their batteries or electronic devices less often. Also, longer battery life helps to reduce the amount of electronic waste and prevents resource depletion -- lithium, cobalt, and nickel are finite resources -- thus contributing to more sustainable practices," says Vailionis, a visiting professor at KTU, Lithuania.

Devices with long-lasting batteries, such as smartphones, laptops and others, can be used for longer without the need to recharge them, and in industrial applications with large battery systems (e.g. electric vehicles or grid energy storage), longer battery life means a higher return on investment, making these technologies more economical. Besides, in renewable energy systems, such as solar and wind power, longer battery life increases the efficiency and reliability of energy storage, helps stabilise the energy supply and reduces dependence on fossil fuels.

As lithium-ion batteries are also used in medical devices, aerospace and defence systems, longer battery life reduces the risk of failure in critical situations.

"Overall, longer battery life improves sustainability, economy and productivity in a wide range of industrial applications," adds Vailionis.

The outcome of the large international group of scientists

Prof. Vailionis emphasises that the study results are the outcome of the work of a large international group of scientists from different fields. Vailionis's team at Stanford University used X-ray diffraction to identify two different structures in the cathode: one at the surface (the one affected by hydrogen ions) and one deeper inside the cathode. X-ray reflectometry also confirmed the existence of a surface layer with hydrogen atoms.

Vailionis, a Stanford University scientist, has been a visiting professor at KTU, Lithuania for 13 years. Every year, he gives a course on X-ray diffraction to the students of the physics study programmes and takes part in common projects with KTU scientists.

"Since I left, Lithuania has changed beyond recognition: universities are getting much better funding for education, they have access to European funds. Scientists and PhD students have great opportunities to go to other universities and research institutions to study, to go to conferences and to share their research results," says a KTU visiting professor.

According to him, Lithuanian students have also changed: "They are much more active in the class than they were in my time, and there are no problems with the English language."
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Anti-fatberg invention could help unclog city sewers | ScienceDaily
Engineers from RMIT University have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.


						
Fat, oil and grease (known as FOG) -- infamous for solidifying inside pipes and concrete sewers -- causes half of all sewer blockages in the United States and 40% in Australia. The cost of these blockages in terms of maintenance and rehabilitation is estimated at US$25 billion in the US and A$100 million in Australia per year.

It is the mixture of fat, oil and grease with calcium and water in sewers that often leads to the formation of fatbergs. But the team's zinc-enhanced polyurethane coating offers a promising sustainable solution by reducing the release of calcium from concrete blocks by up to 80% compared with uncoated concrete.

The study led by Dr Biplob Pramanik mimicked a sewer environment under extreme conditions that rapidly sped up the fatberg formation process over 30 days.

It showed the coating reduced build-up of FOG on concrete by 30% compared to non-coated concrete.

"The reduction of fat, oil and grease build-up can be attributed to the significantly reduced release of calcium from coated concrete, as well as less sticking of FOG on the coating surface compared to the rough, uncoated concrete surface," said Pramanik, Director of Water: Effective Technologies and Tools (WETT) Research Centre at RMIT.

"Traditional coatings like magnesium hydroxide, widely used for over two decades, are effective in controlling sewer corrosion but can inadvertently contribute to FOG build-up by interacting with fatty acids."

The team's invention is stable in water and withstands temperatures of up to 850 degrees Celsius. It is also self-healing at room temperature, meaning it can repair any damage to itself and extend its lifespan.




"We drew inspiration from the regenerative capabilities observed in nature, including human skin's ability to heal itself," Pramanik said.

Co-researcher Dr Sachin Yadav said the team examined the healing performance of the coatings by inflicting surface scratches with a blade.

"The creation of surface scratches on the self-healing polyurethane coating sample triggered the healing process," Yadav said.

"After the healing period, we observed a noticeable improvement in the surface scratches."

Next steps

The team is developing an improved coating to achieve a greater reduction of FOG deposition in sewers by enhancing its self-healing capabilities and mechanical strength.




Pramanik is also the Chief Investigator for a recently announced ARC Linkage Project that will develop an advanced grease interceptor for restaurants and other food service establishments to remove small FOG particles more effectively than current technologies.

His team at RMIT is partnering with South East Water, VicWater, Water Research Australia, Barwon Region Water Corporation, Queensland Urban Utilities and water technology company ACO on the ARC Linkage Project.

"Novel hybrid coating material with triple distinct healing bond for fat oil and grease deposition control in the sewer system" is published in the Chemical Engineering Journal.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241113123505.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New guideline provides treatment recommendations for restless legs syndrome | ScienceDaily
A new clinical practice guideline developed by the American Academy of Sleep Medicine provides updated recommendations for the treatment of restless legs syndrome. The guideline reflects the latest scientific evidence and recommends significant changes in the standard treatment of RLS in adults.


						
Available online as an accepted paper in the Journal of Clinical Sleep Medicine, the guideline updates the AASM's previous guidance published in 2012. The authors noted that numerous clinical trials and longitudinal studies have been conducted in the last decade, contributing vital evidence that supports these new recommendations.

"This new clinical practice guideline from the AASM represents an important turning point in the treatment of RLS in adults," said Dr. John Winkelman, chair of the AASM task force, professor of psychiatry at Harvard Medical School, and chief of the sleep disorders clinical research program at Massachusetts General Hospital. "Guided by the best evidence in the scientific literature, we've provided recommendations that will improve the ability of clinicians to provide patient-centered care for people who have RLS."

RLS is a sleep-related movement disorder characterized by a strong, nearly irresistible urge to move the legs, which is often accompanied by other uncomfortable sensations felt in the legs. These symptoms begin or worsen during periods of rest or inactivity, are temporarily or totally relieved by movement, and occur exclusively or predominantly in the evening or at night. RLS can cause sleep disturbance, distress, and impairment in functioning.

One of the significant changes in the new guideline is that it elevates the importance of iron evaluation in everyone with RLS and, depending on iron indices, recommends iron supplementation. These recommendations reflect evidence suggesting that low brain iron is an important underlying cause of RLS. For adults with RLS, the guideline provides a strong recommendation for intravenous ferric carboxymaltose and conditional recommendations for two other formulations of intravenous iron and one formulation of oral iron -- ferrous sulfate. For children with RLS, ferrous sulfate received a conditional recommendation, making it the only treatment recommended for pediatric patients.

A "strong" recommendation is one that clinicians should follow under most circumstances. A "conditional" recommendation reflects a lower degree of certainty and requires the clinician to use clinical judgment and consider the patient's values and preferences to determine the best course of action.

Another important change is that the new guideline includes conditional recommendations against the standard use of pramipexole and ropinirole, both of which were supported by strong recommendations in the 2012 guidance. Research published in the last 10 years has clarified that the long-term use of these dopamine agonists and other dopaminergic medications is often associated with the risk of "augmentation," which is the gradual worsening of RLS symptom intensity and duration.




In contrast, new evidence supporting three alpha-2-delta ligand calcium channel blockers -- gabapentin enacarbil, gabapentin, and pregabalin -- led the task force to support them as strong recommendations for RLS treatment. These medications are not associated with the augmentation of RLS symptoms observed with the dopaminergic agents.

Bilateral high-frequency peroneal nerve stimulation, an innovative treatment developed in the years since the previous guidance was published, received a conditional recommendation of support. Treatment involves the use of a wearable device to stimulate the nerves in the legs before bedtime.

The use of low-dose, extended-release oxycodone and other low-dose opioids also received conditional recommendations of support. The authors noted that low-dose opioids have demonstrated efficacy for RLS, but opioids also have risks that require cautious use and clinical oversight. A national RLS opioid registry based at Massachusetts General Hospital continues to collect longitudinal data to assess the long-term safety, dose stability, and efficacy of opioid medications for RLS.

The authors advised that the first step in the management of RLS should be to address exacerbating factors including alcohol, caffeine, certain antidepressant and antihistamine medications, and untreated obstructive sleep apnea. They also noted that RLS is common in pregnancy.

To develop the guideline, the AASM commissioned a task force of sleep medicine clinicians with expertise in RLS. They crafted 28 clinical practice recommendations based on a systematic review of the literature and an assessment of the evidence according to the GRADE process, taking into consideration the quality of evidence, beneficial and harmful effects, patient values and preferences, and resource use.
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Does AI improve doctors' diagnoses? Study puts it to the test | ScienceDaily
With hospitals already deploying artificial intelligence to improve patient care, a new study has found that using Chat GPT Plus does not significantly improve the accuracy of doctors' diagnoses when compared with the use of usual resources.


						
The study, from UVA Health's Andrew S. Parsons, MD, MPH and colleagues, enlisted 50 physicians in family medicine, internal medicine and emergency medicine to put Chat GPT Plus to the test. Half were randomly assigned to use Chat GPT Plus to diagnose complex cases, while the other half relied on conventional methods such as medical reference sites (for example, UpToDate(c)) and Google. The researchers then compared the resulting diagnoses, finding that the accuracy across the two groups was similar.

That said, Chat GPT alone outperformed both groups, suggesting that it still holds promise for improving patient care. Physicians, however, will need more training and experience with the emerging technology to capitalize on its potential, the researchers conclude.

For now, Chat GPT remains best used to augment, rather than replace, human physicians, the researchers say.

"Our study shows that AI alone can be an effective and powerful tool for diagnosis," said Parsons, who oversees the teaching of clinical skills to medical students at the University of Virginia School of Medicine and co-leads the Clinical Reasoning Research Collaborative. "We were surprised to find that adding a human physician to the mix actually reduced diagnostic accuracy though improved efficiency. These results likely mean that we need formal training in how best to use AI."

Chat GPT for Disease Diagnosis

Chatbots called "large language models" that produce human-like responses are growing in popularity, and they have shown impressive ability to take patient histories, communicate empathetically and even solve complex medical cases. But, for now, they still require the involvement of a human doctor.




Parsons and his colleagues were eager to determine how the high-tech tool can be used most effectively, so they launched a randomized, controlled trial at three leading-edge hospitals -- UVA Health, Stanford and Harvard's Beth Israel Deaconess Medical Center.

The participating docs made diagnoses for "clinical vignettes" based on real-life patient-care cases. These case studies included details about patients' histories, physical exams and lab test results. The researchers then scored the results and examined how quickly the two groups made their diagnoses.

The median diagnostic accuracy for the docs using Chat GPT Plus was 76.3%, while the results for the physicians using conventional approaches was 73.7%. The Chat GPT group members reached their diagnoses slightly more quickly overall -- 519 seconds compared with 565 seconds.

The researchers were surprised at how well Chat GPT Plus alone performed, with a median diagnostic accuracy of more than 92%. They say this may reflect the prompts used in the study, suggesting that physicians likely will benefit from training on how to use prompts effectively. Alternately, they say, healthcare organizations could purchase predefined prompts to implement in clinical workflow and documentation.

The researchers also caution that Chat GPT Plus likely would fare less well in real life, where many other aspects of clinical reasoning come into play -- especially in determining downstream effects of diagnoses and treatment decisions. They're urging additional studies to assess large language models' abilities in those areas and are conducting a similar study on management decision-making.

"As AI becomes more embedded in healthcare, it's essential to understand how we can leverage these tools to improve patient care and the physician experience," Parsons said. "This study suggests there is much work to be done in terms of optimizing our partnership with AI in the clinical environment."

Following up on this groundbreaking work, the four study sites have also launched a bi-coastal AI evaluation network called ARiSE (AI Research and Science Evaluation) to further evaluate GenAI outputs in healthcare. Find out more information at the ARiSE website.
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Extreme weather accelerates nitrate pollution in groundwater | ScienceDaily
Extreme weather spurred by climate change, including droughts and heavy rains, may increase the risk of nitrates from fertilizers ending up in groundwater, according to a recent study from researchers at the University of California, Davis. The study found heavy rains after a drought caused nitrates to seep 33 feet under farm fields in as little as 10 days. The study was published in Water Resources Research.


						
"The conventional wisdom was that it could take several weeks to years for nitrates to move from the crop root zones to reach groundwater," said corresponding author Isaya Kisekka, a professor in the Departments of Land, Air and Water Resources and Biological and Agricultural Engineering. "We found these extreme events, such as California's atmospheric rivers, are going to move nitrate more quickly."

In this study, different methods were used to measure how much nitrate, a component of nitrogen fertilizer, was seeping down through the soil in a tomato and cucumber crop near Esparto, California. Scientists conducted their research from 2021 until 2023 when California was experiencing periods of drought followed by atmospheric rivers. They measured nitrate during both the growing seasons and the rainy seasons.

Drought can leave more nitrogen in soil

Previous studies have shown about 40% of nitrogen fertilizer used for vegetables isn't absorbed by the plants but remains in the soil. During droughts, crops don't use nitrogen efficiently, leading to excess nitrogen in the soil. This study found that if a drought is then followed by heavy rainfall, that sudden burst of water causes nitrate to seep in groundwater more quickly. The nitrate concentration in the shallow groundwater exceeded the U.S. Environmental Protection Agency maximum contaminant level of 10 milligrams per liter for drinking water.

"In California, we often say we swing between droughts and floods," said Kisekka. "These extreme events that come with climate change are going to make the risk of these chemicals ending up in our drinking water much more severe."

Groundwater is the primary source of drinking water for most of California's Central Valley. In some regions, such as the Tulare Lake Basin, nearly one-third of drinking and irrigation wells exceed the EPA's safe nitrate level. High nitrate levels in drinking water can increase health risks, especially for young children. It may also increase the risk of colorectal cancer.




Need for real-time soil nitrate monitoring

Central Valley farmers are required to report to the Regional Water Board how much nitrogen they applied to their field and how much was removed as part of the crop's yield. The study compared different ways of monitoring when nitrate from fertilizers seep into groundwater. Kisekka said the results highlight the need for affordable, real-time soil nitrate monitoring tools to help farmers manage fertilizer use efficiently.

By using conservation practices that limit leftover nitrates in the crop's root zone after harvest, farmers can help reduce nitrate contamination in groundwater.

This study's data will also help improve a model called SWAT, which is used to track nitrate seepage into groundwater across California's Central Valley. This effort is part of the Central Valley Water Board's program to regulate irrigated farmlands.

Other UC Davis authors include Iael Raij Hoffman, Thomas Harter and Helen Dahlke.

The study was supported by the USDA Natural Resource Conservation Service through its Conservation Effects Assessment Project. The national project is designed to assess the effectiveness of conservation practices across different watersheds. The study also had support from the USDA National Institute of Food and Agriculture.
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New genetic changes linked to testicular cancer offer fresh insights into the disease and its treatment | ScienceDaily
Scientists have identified new gene faults and evolutionary patterns contributing to testicular cancer. Their findings offer profound insights into the development of the disease and into potential treatment strategies.


						
Testicular cancer, though accounting for only about 1% of all cancers in men, is the most common cancer among those aged 15 to 44. Each year, nearly 200 men in Ireland are diagnosed with this cancer and incidence rates have risen in recent years -- a trend also observed in Northern and Central Europe.

Fortunately, testicular cancer is highly treatable, especially when detected early, with survival rates exceeding 90%. However, patients with the highest-risk disease face a significantly lower prognosis, with only around a 50% chance of survival despite extensive clinical trials, and existing chemotherapy treatments carry significant toxicities and associated side effects.

Using data from the 100,000 Genomes Project, led by Genomics England and NHS England, the scientists applied whole genome sequencing (WGS) to 60 patient samples to address key unresolved biological and clinical questions in testicular germ cell tumours (TGCTs). Their work has just been published in leading international journal Nature Communications.

Among the key findings are:
    	New potential cancer drivers in testicular cancer, including drivers specific to certain subtypes, which may help stratify patients based on their tumour characteristics
    	A reconstruction of evolutionary trajectories of genome alterations and probable progression pathways in TGCT
    	Discovery of a broader range of mutational signatures associated with TGCT. These are distinctive patterns of DNA damage, which can reflect various carcinogenic exposures (e.g. smoking, UV light) and enable a retrospective look at exposure-related cancer risk
    	Previously unidentified recurrent mutational hotspots in testicular cancer
    	Identification of a genomic immune mechanism unique to TGCT, predominantly in seminomas, the most common tumour subtype.

First author of the research, Maire Ni Leathlobhair, Assistant Professor in Trinity College Dublin's School of Genetics and Microbiology, said: "We have taken a major leap forward in our understanding of how this disease develops and gained important insights into potential treatment strategies, which is of course key as we seek better patient outcomes.

"Importantly, this research was only possible thanks to the valuable contribution of tissue samples from participants in the 100,000 Genomes Project and the collaborative efforts of medical professionals in the NHS. It represents one of the first relatively large-scale testicular cancer landscape studies using a powerful whole genome sequencing approach, which was key in revealing the new insights that other techniques would not have captured.

"This research aimed to transform genomic insights into meaningful patient outcomes, bridging fundamental discoveries with translational applications, and it also serves as a good example of how large volumes of patient data and samples can provide us with a more detailed view of a disease."

This study was a collaborative effort led by senior authors Profs. Matthew Murray, Andrew Protheroe, Clare Verrill, and David Wedge and involved a dedicated team of researchers, clinicians, and trainees from both academia and the NHS, with contributions from Trinity, the University of Oxford, the University of Cambridge, and the University of Manchester.

To further enhance understanding of the disease, the researchers now hope to involve more participants to include a wider diversity of outcomes, ethnicities, and types of testicular cancers.
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Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease | ScienceDaily
Heart muscle cells grown from stem cells show promise in monkeys with a heart problem that typically results from a heart defect sometimes present at birth in humans, according to new research from the University of Wisconsin-Madison and Mayo Clinic.


						
Heart disease, the No. 1 killer of Americans, can affect people at any time across their lifespans -- even from birth, when heart conditions are known as congenital heart defects. Regenerating tissue to support healthy heart function could keep many of those hearts beating stronger and longer, and this is where stem cell research is stepping in.

A research team led by Marina Emborg, professor of medical physics in the UW-Madison School of Medicine and Public Health, and Timothy Nelson, physician scientist at the Mayo Clinic in Rochester, Minnesota, reported recently in the journal Cell Transplantation that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

Also referred to as right ventricular dysfunction, pressure overload often affects children with congenital heart defects. Patients experience chest discomfort, breathlessness, palpitations and body swelling, and can develop a weakened heart. The condition can be fatal if left untreated.

Nearly all single ventricle congenital heart defects, particularly those in the right ventricle, eventually lead to heart failure. Surgery to correct the defect is a temporary solution, according to the researchers. Eventually, patients may require a heart transplant. However, the availability of donor hearts -- complicated by the young age at which most patients require a transplant -- is extremely limited.

In their new study, the researchers focused on grafts of stem cell-derived cardiomyocytes as a possible complementary treatment to traditional surgical repair of cardiac defects. Their goal was to directly support ventricular function and overall healing.

"There is a great need for alternative treatments of this condition," says Jodi Scholz, the study's lead author and chair of Comparative Medicine at Mayo Clinic. "Stem cell treatments could someday delay or even prevent the need for heart transplants."

The researchers transplanted clinical-grade human induced pluripotent stem cells -- cells collected from human donors, coaxed back into a stem cell state and then developed into cell types compatible with heart muscle -- into rhesus macaque monkeys with surgically induced right ventricular pressure overload. The cells successfully integrated into the organization of the surrounding host myocardium, the muscular layer of the heart. The animals' hearts and overall health were closely monitored throughout the process. The authors noted that episodes of ventricular tachycardia (an increased heart rate) occurred in five out of 16 animals receiving transplanted cells, with two monkeys presenting incessant tachycardia. These episodes resolved within 19 days.




"We delivered the cells to support existing cardiac tissue," Emborg says. "Our goal with this particular study, as a precursor to human studies, was to make sure that the transplanted cells were safe and would successfully integrate with the organization of the surrounding tissue. We leveraged my team's experience with stem cells and cardiac evaluation in Parkinson's disease to assess this innovative therapeutic approach."

The research proved the feasibility and safety of using stem cells in the first nonhuman primate model of right ventricular pressure overload. Macaques, in particular, have been critical to advancing stem cell therapies for heart disease, kidney disease, Parkinson's disease, eye diseases and more.

"The demonstration of successful integration and maturation of the cells into a compromised heart is a promising step towards the clinical application for congenital heart defects," Emborg says.

The research was supported by the Todd and Karen Wanek Family Program for Hypoplastic Left Heart Syndrome and National Institutes of Health Grant P51OD011106 to the Wisconsin National Primate Research Center.
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How 'clean' does a quantum computing test facility need to be? | ScienceDaily
Now is the time to banish low-level radioactive energy sources from facilities that house and conduct experiments with superconducting qubits, according to a pair of recently published studies. Significantly improving quantum device coherence times is a key step toward an era of practical quantum computing.


						
Two complementary articles, published in the journals PRX Quantum and the Journal of Instrumentation, outline which sources of interfering ionizing radiation are most problematic for superconducting quantum computers and how to address them. The findings set the stage for quantitative study of errors caused by radiation effects in shielded underground facilities.

A research team led by physicists at the Department of Energy's Pacific Northwest National Laboratory, in collaboration with colleagues at MIT's Lincoln Laboratory, the National Institute of Standards and Technology, along with multiple academic partners, published their findings to assist the quantum computing community to prepare for the next generation of qubit development.

Electronic 'noise' undermines efforts to extend qubit life

"The time is coming soon when advances in design and materials will result in qubits stable enough that environmental effects from stray radiation become the rate-limiting step to quantum coherence," said physicist Brent VanDevender, one of the research team leads. VanDevender was one of the first scientists to identify natural ionizing radiation as a source of instability for the functioning of qubits, the basic unit of a quantum computer.

Even the slightest interference can cause errors that lead superconducting qubits to lose their quantum state, a process known as decoherence. The research team found that cosmic radiation and naturally occurring isotopes, which emit low levels of ionizing radiation and are found in common materials, are about equally responsible for causing decoherence.

"Once we established the effect of ionizing radiation on superconducting qubits, we knew we needed to systematically and quantitatively identify sources of radiation in the environment," said lead experimental physicist Ben Loer. "Our experience with measuring ultra-low levels of radiation in the laboratory led us to include radiation sources within the very experimental units, cryostats, where these experimental qubits are studied."

"We found that a lot of the electrical connectors are just filthy dirty from the standpoint of acting as a radiation source," VanDevender added.




Cleaning up underground

Combined, the two studies point to effective measures for shielding sensitive experimental equipment from the effects of radiation exposure.

In the Journal of Instrumentation, the research team describes the precautions taken to greatly reduce the potential for atmospheric and isotope radiation exposure in a shielded underground qubit testbed facility on the Richland, Washington campus of PNNL called the Low Background Cryogenic Facility. Constructed within an existing ultra-clean underground laboratory, the test bed includes a cryostat, also known as a dilution refrigerator, capable of cooling superconducting qubit devices to near absolute zero, a key to stabilizing quantum computing devices of this design. The research team reports that this lead-shielded cryostat could reduce the error rate by 20 times compared with the error rate seen in a typical above-ground, unshielded facility.

In addition, the team reports that certain relatively simple precautions, such as eliminating natural sources of radiation within materials inside the dilution refrigerator, go a long way toward making quantum computing devices viable. These sources include metal isotopes -- naturally occurring variants of elements that spontaneously eject radiation in the form of alpha, beta, and gamma rays -- which can interfere with quantum devices.

In their exploration of these radiation sources within the lab, they used specialized ultrasensitive detection methods to identify contaminants in silicon, copper and ceramic electronic components such as circuit boards and cables used to collect data from instruments, and even the qubits themselves. To reduce the impact from these devices, the team advises using materials like brass instead of beryllium-copper alloys typically found in cables. Future goals of this research include testing the effectiveness of "radiation-hardened" qubits that are less sensitive to the impact of radiation and studying low-background materials.

Transferring knowledge from sensitive detection technology

In the companion study, published in PRX Quantum, the research team directly measured ionizing radiation interactions on a superconducting sensor inside a cryocooler, a refrigerator that can reach ultra-cold cryogenic temperatures. They used simple radiation detection circuits printed on a piece of silicon similar to that used for qubits. Here they showed that stray radiation that interacts with a silicon circuit board and that could possibly cause decoherence in a qubit or other "unwelcome effects on circuit performance" matches well with the predicted rate and energy spectrum.




The research team relied on expertise developed during design and building of double beta decay detectors, neutrino detectors and dark matter detectors, which are similarly sensitive to low levels of radiation. The research team identified two complementary approaches to reducing the sensitivity of superconducting elements to stray radiation as first steps toward "radiation hardening:" isolating the superconducting elements on crystal "islands" and simply making the crystal substrate thinner.

"We've demonstrated which sources of radiation are important, and we're eager to see how new devices will perform in our low-background facility," said Loer.

This research was supported by the Department of Energy, Office of Science, Nuclear Physics program's Quantum Horizons program and an Early Career Award to Ben Loer, as well as the High Energy Physics program's Quantum Information Science Enabled Discovery (QuantISED) program and internal investments by PNNL.
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Cell aging in one organ can snowball into multi-organ failure | ScienceDaily
The ageing and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.


						
Scientists have shown for the first time that the deterioration of cells in a damaged liver can activate a process associated with ageing and impaired function, which then transmits to otherwise healthy organs elsewhere in the body.

They also identified a key protein that could be manipulated to prevent such multi-organ failure.

The findings could have major implications for our understanding of how diseases in different parts of the body interact with each other, and what happens as people age, experts say.

As the body gets older, cells become tired and stop working effectively. This process -- called cell senescence -- is a common effect of ageing but can also be triggered by diseases at any stage of life.

Senescence of liver cells following acute severe liver disease -- which can be caused by a number of diseases including viral infections or toxins such as paracetamol overdose -- can cause irreparable damage, leading to liver failure and can often lead to multi-organ failure.

The study, led by the University of Edinburgh and CRUK Scotland Institute, identified that in mice with sudden liver failure, once a large enough number of liver cells were damaged, senescence started to appear in other organs, including the kidneys, lungs and brain, causing them to fail.




Researchers identified a key biological pathway involving TGFb -- a protein linked to the immune system -- which, when blocked in mice, prevented the senescence in liver cells from spreading to other organs.

In the future, treatments to block this pathway could prevent multi-organ failure in patients with severe liver injury, experts say.

Levels of liver cell senescence were also a powerful indicator of disease outcome in patients with severe liver damage.

The study team examined liver tissue biopsies from 34 people with acute severe liver disease. High levels of liver cell senescence early in disease were linked to an increased risk of multi-organ failure and the need for liver transplantation.

There is currently no test to predict how sudden liver failure will progress when it begins. Monitoring liver cell senescence could help to identify those most at risk, including those likely to need a liver transplant, the research team says.

The study, principally funded by the Wellcome Trust and Cancer Research UK, is published in the journal Nature Cell Biology. The research team involved a collaboration between groups located at the CRUK Scotland Institute and those at Newcastle University and University College London.




The study's principal investigator, Professor Tom Bird of the University of Edinburgh's Centre for Inflammation Research and the CRUK Scotland Institute, said: "The implications of the findings are potentially very profound. This may be a means by which severe disease, even in a single organ, can snowball into the failure of many organs in the body. But it can also teach us about ways to prevent this happening, both in sudden disease and potentially in a range of diseases occurring over years or even decades as we age."

Professor Rajiv Jalan, Professor of Hepatology at University College London and partner of the study, said: "Our findings provide the first insight into why severe liver injury results in the failure of other organs, such as the brain and kidneys, and death. We were able to validate these novel and exciting observations in patients, providing a route to develop biomarkers that can be measured in the blood to identify those at risk, and new therapies to treat severe liver disease."

Morag Foreman, Head of Discovery Researchers at Wellcome, said: "This is an exciting set of findings, unlocking crucial new insights with the potential to transform our understanding of multi-organ failure. This opens new avenues of research into how our cells break down that could help us treat and prevent sudden, or even age-related, disease.

"We are pleased to have supported Professor Bird and team. This study marks a culmination of years of work, underlining the importance of long-term, discovery research and finding insights into life, health and wellbeing."
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New discovery may lead to more effective treatment for cardiovascular disease | ScienceDaily
Researchers at Case Western Reserve University have identified a new target to treat atherosclerosis, a condition where plaque clogs arteries and causes major cardiac issues, including stroke and heart attack.


						
In a new study, published in the journal Cell Reports, they identified an inflammation-reducing molecule -- called itaconate (ITA) -- that could be the foundation of a new approach to treat such a common and deadly disease.

Heart disease is the leading cause of death for men, women and people of most racial and ethnic groups, according to the U.S. Centers for Disease Control and Prevention.

Medications help but don't completely protect patients from cardiovascular risk. So, doctors also recommend lifestyle changes, such as a low-cholesterol/low-fat diet (LCLFD), to further reduce plaque and inflammation that increase the risk of cardiovascular disease. Yet many patients find it challenging to follow diet restrictions long-term.

Identifying the role ITA plays in diet and heart disease may help address this.

"We've found that itaconate is crucial to the diet's ability to stabilize plaques and reduce inflammation, which has been a mystery until now," said Andrei Maiseyeu, associate professor at the Cardiovascular Research Institute and Department of Biomedical Engineering at Case Western Reserve's School of Medicine. "This discovery marks a major leap forward in the understanding of how diet-induced plaque resolution occurs at a molecular level."

Based on their discovery, Maiseyeu and his team have developed a new treatment: ITA-conjugated lipid nanoparticles (ITA-LNP, U.S. Provisional Application No. 63/707,954). This new therapeutic approach allows ITA to accumulate in plaque and bone marrow, where it reduces inflammation and mimics the beneficial effects of LCLFD without requiring drastic lifestyle changes.

"We have already seen its effectiveness in multiple models of atherosclerosis," Maiseyeu said. "We are optimistic that this will result in better treatments that will greatly lower the long-term risk of heart attacks and strokes while also improving patients' quality of life."

Maiseyeu and his team are now taking steps to translate ITA-LNP to the clinic, including engineering a pill form of the treatment, which they believe will not only be convenient for patients, but also transformative.
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Key influenza-severity risk factor found hiding in plain sight on our antibodies | ScienceDaily
Viruses are the fastest-evolving biological entity on earth. This fact explains why we need flu shots every year: Seasonal influenza perennially outwits the immunity we've acquired from previous vaccinations or infections.


						
Some new strains are rougher than others. The 1918 flu pandemic killed 50 million people and infected one-fifth of the world's population. Influenza pandemics also occurred in 1957, 1968 and 2009.

"Influenza remains an incredibly dangerous risk to global health," said Taia Wang, MD, PhD, associate professor of infectious diseases and of microbiology and immunology.

A team led by Wang has found that the relative abundance of a certain kind of sugar molecule on our antibodies -- the specialized proteins our immune systems cook up to block viruses and other microbes from entering our cells and replicating profusely once inside -- plays an outsized role in whether we become mildly ill rather than severely ill from a flu infection.

They've also figured out why. And they've demonstrated, in mice, how to head off severe flu symptoms regardless of which strain is on the march. That would come in handy in the event of the next large-scale flu outbreak -- and it may apply to other infectious diseases.

The findings, described in a study to be published online Nov. 13 in Immunity, may even help explain why older people are more susceptible to severe flu and many other diseases, infectious or otherwise.

Wang, a faculty member in Stanford Medicine's Institute for Immunity, Transplantation and Infection, is the study's senior author. Lead authors of the study are basic life research scientist Saborni Chakraborty, PhD; postdoctoral scholar Bowie Cheng, PhD; graduate student Desmond Edwards; and former graduate student Joseph Gonzalez, PhD.




Inflammation over replication

Sitting on the surface of some of our immune cells is a receptor, called CD209, that the study showed can dial down inflammation in response to a flu infection. Wang and her associates were able to kick that anti-inflammatory receptor into gear by fiddling with the composition of antibodies.

This didn't stop the virus from getting into lung cells and making copies of itself while inside the cells it invades. But it didn't have to.

Viruses furiously self-replicating inside our lung cells is not a good thing, obviously. But fatal cases of influenza infection are usually caused by an overwhelming inflammatory response to the infection, which exacerbates lung damage and prevents gas exchange, rather than by the virus alone, Wang said.

"We've discovered a new way to protect against severe influenza by shutting down this follow-on inflammation, regardless of ongoing viral replication," she said.

The experimental inflammation-lowering technique isn't limited to a single flu strain.




The antibody molecules circulating in our blood and known to immunologists as IgG (the acronym stands for "immunoglobin G") are roughly Y-shaped. The Y's horns are customized to cling to specific surface features of particular pathogens and, if the fit is snug enough and ties up the right part of the invading pathogen, prevent it from getting into cells.

The stalk of an antibody's Y-shaped structure is oblivious to whatever the horns are binding to. That stalk's job is to tell the rest of the immune system what to do. It can have differing affinities for various immune cells. And it can exert different effects on whichever immune cells it makes contact with, depending on the chemistry of a couple of long, bifurcated chains attached to its surface.

These chains' links are made of sugar -- granted, not the kind you'd find in a candy store. To carbohydrate scientists, the term "sugar" refers to nearly a dozen distinct but chemically similar substances our own bodies produce. Most of these sugars have names few of us have ever heard of. Sewed into or stapled onto larger molecules, they provide structural support, stability or signaling capability.

As many as four molecules of a particular sugar called sialic acid may get snapped into place as final links on an IgG molecule's branching sugar chains. How many actually do can make a big difference.

Enter the alveolar macrophage

Wang's study began by characterizing antibodies from people who did or did not become very sick after infection by H1N1, a common seasonal influenza subtype. The only significant difference the scientists observed between those who became mildly ill and those who were hospitalized was in the amount of sialic acid on infected individuals' antibodies. High levels correlated with mild symptoms; sicker patients' antibodies sported fewer sialic acid links.

Wang and her colleagues explored further, using bioengineered mice whose cells expressed human receptors for antibodies.

"We gave the mice human antibodies differing only in their sialic acid content," Wang said. Then the mice received what would ordinarily be a lethal dose of either of two very different seasonal influenza virus subtypes.

The sialic acid-rich antibodies, but not the others, protected the animals from both types of flu, evidently due to markedly reduced lung inflammation.

"The reduced inflammation led to better oxygen and carbon dioxide exchange," Wang said. "The lungs could keep doing their job."

The difference in sialic acid abundance had no effect on the virus's ability to replicate inside infected lung cells.

The scientists found that the high- and low-sialic acid antibodies were binding to entirely different receptors on the surfaces of immune cells called alveolar macrophages. These fierce sentinel cells, among other things, patrol the alveoli -- the tiny, delicate air sacs studding the surfaces of our lungs, through which oxygen from the air we breathe and carbon dioxide, a respiration byproduct, are exchanged.

When alveolar macrophages spy a pathogen, they gobble it up. They also signal the immune system to send in more troops. Usually that influx of additional immune cells is enough to quell the microbial invasion. But sometimes, ironically, the surplus of fired-up immune cells and the noxious substances they squirt out -- the essence of inflammation -- do more harm than good: They not only expunge virally infected cells but tear up healthy ones, too. That may cause even more inflammation.

Antibodies usually bind to pro-inflammatory receptors on alveolar macrophages, spurring downstream inflammatory activity. But higher levels of sialic acid on an antibody's stalk, the scientists proved, induces the antibody to bind to CD209 instead, shifting alveolar macrophages' mood to anti-inflammatory.

"CD209 has been shown to be anti-inflammatory in autoimmunity," Wang said. "But it's never before been implicated in calming our immune response to an infectious disease."

Analyses of alveolar macrophages' gene-activation levels showed that the same set of genes whose activity levels differed in flu-infected mice receiving high- versus low-sialic acid antibodies could be used to divide influenza patients into "mild" and "severe" categories.

Many of these genes are associated with mounting an inflammatory response. In particular, sialic acid-rich antibodies' binding to CD209 shut down activity of a famous inflammatory sparkplug called NF-kappa-B.

Who needs horns?

An antibody's horns can bind to only one or, at most, an extremely narrow range of pathogens. Yet, sialic acid-rich antibodies' beneficial dialing down of disease severity wasn't limited to a single flu strain. Nor did their benefits come from any clearing of the virus. It was purely the anti-inflammatory response that was reducing disease severity.

Wang said, "We wondered: Does this protection we see against highly different influenza-virus subtypes require the whole antibody? Are its horns even necessary? Or might the stalk alone be enough to protect against flu severity?

Fortunately, just such high-sialic acid antibody stalks are available, as they're under active clinical investigation for treating autoimmune disorders, which are also inflammatory in character. These stalks proved effective in preventing severe symptoms in flu-infected mice.

Wang's team is doing longitudinal studies in humans to see if sialic acid-enriched antibody stalks can predict risk of disease progression in influenza patients.

The findings' applications may extend beyond influenza, or lung infections in general, to numerous infectious diseases and even to a broad range of inflammatory conditions, she said.

"Age is the major factor differentiating people whose antibodies characteristically have high versus low sialic acid content," Wang said. The age-associated decline in sialic acid's abundance on people's antibodies may account in part for the observed high incidence of chronic low-level inflammation on older people, predisposing them to conditions ranging from heart trouble and strokes to Alzheimer's and Parkinson's disease to cancer and many other aging-associated diseases.

Wang is a consultant for Nuvig Therapeutics Inc., which is testing antibody stalks for treating autoimmunity and provided these reagents for use in this study.

Researchers from the University of California, San Diego; Nuvig Therapeutics Inc.; the University of Colorado; National Jewish Health; Washington University School of Medicine; the National Institutes of Health; and the Howard Hughes Medical Institute contributed to the work.

The study was funded by the National Institutes of Health (grants R01AI150214, R01AI173203, 75N93029C00051, 5U01AI144616, R01AI178298 and UL1TR001866) and the Howard Hughes Medical Institute.
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Robot identifies plants by 'touching' their leaves | ScienceDaily
Researchers in China have developed a robot that identifies different plant species at various stages of growth by "touching" their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches, according to the study, published November 13 in the journal Device. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.


						
Eventually, large-scale farmers and agricultural researchers could use the robot to monitor the health and growth of crops and to make tailored decisions about how much water and fertilizer to give their plants and how to approach pest control, says Zhongqian Song, an associate professor at the Shandong First Medical University & Shandong Academy of Medical Sciences and an author of the study.

"It could revolutionize crop management and ecosystem studies and enable early disease detection, which is crucial for plant health and food security," he says.

Rather than making physical contact with a plant, existing devices capture more limited information using visual approaches, which are vulnerable to factors such as lighting conditions, changes in the weather, or background interference.

To overcome these limitations, Song and colleagues developed a robot that "touches" plants using a mechanism inspired by human skin, with structures working together in a hierarchical way to gain information through touch. When an electrode in the robot makes contact with a leaf, the device learns about the plant by measuring several properties: the amount of charge that can be stored at a given voltage, how difficult it is for electrical current to move through the leaf, and contact force as the robot grips the leaf.

Next, this data is processed using machine learning in order to classify the plant, since different values for each measure correlate with different plant species and stages of growth.

While the robot shows "vast and unexpected" potential applications in fields ranging from precision agriculture to ecological studies to plant disease detection, it has several weaknesses that have yet to be addressed, says Song. For example, the device is not yet versatile enough to consistently identify types of plants with complicated structures, such as burrs and needle-like leaves. This could be remedied by improving the design of the robot's electrode, he says.

"It may take a relatively long period of time to reach large-scale production and deployment depending on technological and market developments," says Song.

As a next step the researchers plan to expand how many plants the robot can recognize by collecting data from a wider variety of species, boosting the plant species database they use to train algorithms. The researchers also hope to further integrate the device's sensor so that it can display results in real time, even without an external power source, says Song.
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Bird brain from the age of dinosaurs reveals roots of avian intelligence | ScienceDaily
A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.


						
Researchers have identified a remarkably well-preserved fossil bird, roughly the size of a starling, from the Mesozoic Era. The complete skull has been preserved almost intact: a rarity for any fossil bird, but particularly for one so ancient, making this one of the most significant finds of its kind.

The extraordinary three-dimensional preservation of the skull allowed the researchers, led by the University of Cambridge and the Natural History Museum of Los Angeles County, to digitally reconstruct the brain of the bird, which they have named Navaornis hestiae. Navaornis lived approximately 80 million years ago in what is now Brazil, before the mass extinction event that killed all non-avian dinosaurs.

The researchers say their discovery, reported in the journal Nature, could be a sort of 'Rosetta Stone' for determining the evolutionary origins of the modern avian brain. The fossil fills a 70-million-year gap in our understanding of how the brains of birds evolved: between the 150-million-year-old Archaeopteryx, the earliest known bird-like dinosaur, and birds living today.

Navaornis had a larger cerebrum than Archaeopteryx, suggesting it had more advanced cognitive capabilities than the earliest bird-like dinosaurs. However, most areas of its brain, like the cerebellum, were less developed, suggesting that it hadn't yet evolved the complex flight control mechanisms of modern birds.

"The brain structure of Navaornis is almost exactly intermediate between Archaeopteryx and modern birds -- it was one of these moments in which the missing piece fits absolutely perfectly," said co-lead author Dr Guillermo Navalon from Cambridge's Department of Earth Sciences.

Navaornis is named after William Nava, director of the Museu de Paleontologia de Marilia in Brazil's Sao Paolo State, who discovered the fossil in 2016 at a site in the neighbouring locality of Presidente Prudente. Tens of millions of years ago, this site was likely a dry area with slow-flowing creeks, which enabled the fossil's exquisite preservation. This preservation allowed the researchers to use advanced micro-CT scanning technology to reconstruct the bird's skull and brain in remarkable detail.




"This fossil is truly so one-of-a-kind that I was awestruck from the moment I first saw it to the moment I finished assembling all the skull bones and the brain, which lets us fully appreciate the anatomy of this early bird," said Navalon.

"Modern birds have some of the most advanced cognitive capabilities in the animal kingdom, comparable only with mammals," said Professor Daniel Field from Cambridge's Department of Earth Sciences, senior author of the research. "But scientists have struggled to understand how and when the unique brains and remarkable intelligence of birds evolved -- the field has been awaiting the discovery of a fossil exactly like this one."

Before this discovery, knowledge of the evolutionary transition between the brains of Archaeopteryx and modern birds was practically non-existent. "This represents nearly 70 million years of avian evolution in which all the major lineages of Mesozoic birds originated -- including the first representatives of the birds that live today," said Navalon. "Navaornis sits right in the middle of this 70-million-year gap and informs us about what happened between these two evolutionary points."

While the skull of Navaornis somewhat resembles that of a small pigeon at first glance, closer inspection reveals that it is not a modern bird at all but instead a member of a group of early birds named enantiornithines, or the 'opposite birds.'

'Opposite birds' diverged from modern birds more than 130 million years ago, but had complex feathers and were likely competent flyers like modern birds. However, the brain anatomy of Navaornis poses a new question: how did opposite birds control their flight without the full suite of brain features observed in living birds, including an expanded cerebellum, which is a living bird's spatial control centre?

"This fossil represents a species at the midpoint along the evolutionary journey of bird cognition," said Field, who is also the Strickland Curator of Ornithology at Cambridge's Museum of Zoology. "Its cognitive abilities may have given Navaornis an advantage when it came to finding food or shelter, and it may have been capable of elaborate mating displays or other complex social behaviour."

"This discovery shows that some of the birds flying over the heads of dinosaurs already had a fully modern skull geometry more than 80 million years ago," said co-lead author Dr Luis Chiappe from the Natural History Museum of Los Angeles County.




While Navaornis is one of the best-preserved bird fossils ever found from the Mesozoic Era, the researchers believe many more finds from the Brazilian site where it was found could offer further insights into bird evolution.

"This might be just one fossil, but it's a key piece in the puzzle of bird brain evolution," said Field. "With Navaornis, we've got a clearer view of the evolutionary changes that occurred between Archaeopteryx and today's intelligent, behaviourally complex birds like crows and parrots."

While the discovery is a significant breakthrough, the researchers say it is only the first step in understanding the evolution of bird intelligence. Future studies may reveal how Navaornis interacted with its environment, helping to answer broader questions about the evolution of bird cognition over time.

Navaornis is the most recent in a quartet of Mesozoic fossil birds described by Field's research group since 2018, joining Ichthyornis, Asteriornis (the 'Wonderchicken'), and Janavis. The group's work on new fossil discoveries combined with advanced visualisation and analytical techniques have revealed fundamental insights into the origins of birds, the most diverse group of living vertebrate animals.

The research was supported in part by UK Research and Innovation (UKRI). Daniel Field is a Fellow of Christ's College, Cambridge.
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We may be overestimating the association between gut bacteria and disease, machine learning study finds | ScienceDaily
Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.


						
The researchers report November 13, 2024, in the Cell Press journal Cell that differences in a patient's microbial load, which was found to be influenced by factors ranging from age, sex, diet, country-of-origin, and antibiotic use, was a key factor for bacterial signatures in fecal samples, even in disease patients.

"We were surprised to find that many microbial species, previously believed to be associated with disease, were more strongly explained by changes in microbial load," says Peer Bork of the European Molecular Biology Laboratory (EMBL) Heidelberg, one of the senior authors on the study. "This indicates that these species are mainly associated with symptoms like diarrhea and constipation, rather than being directly linked to the disease conditions themselves."

Microbial load has long been recognized as an important factor in microbiome research, but large-scale analysis has been largely limited due to the high cost and labor-intensive nature of experimental methods, which the investigators overcame with a machine-learning approach. They developed a prediction model for fecal microbial load based on the relative microbiome composition and applied it to a large-scale metagenomic dataset to explore its variation in health and disease.

"Measuring microbial load in fecal samples takes a lot of effort and we were glad to have access to two large metagenomic datasets where the microbial load had been experimentally measured," says Michael Kuhn, also of EMBL and the other senior author on the study. "With our approach, we want to generalize these data for the benefit of the larger field and with the tools we provide, microbial load can be predicted for all adult human gut microbiome studies."

The datasets the team generated for the research are thousands of metagenomes and experimentally measured microbial load in the EU-funded GALAXY (Gut-and-Liver Axis in Alcoholic Liver Fibrosis) and the Novo Nordisk Foundation's MicrobLiver projects. They also used metagenomes and microbial load data from a previously public MetaCardis study population. For exploratory datasets, they used tens of thousands of metagenomes from previous studies including populations from Japan and Estonia.

The team acknowledges limitations to the work. Because the analysis was based only on associations, they were not able to establish a clear direction of causality, nor could they provide mechanistic insight. Additionally, the method developed only applies to the human gut microbiome: Different training datasets are needed to predict the microbial load in other habitats.

Future research will focus on microbial species that are more directly associated with diseases, independent of microbial load, to better understand their roles in disease etiology and their potential use as biomarkers. Additionally, adapting this prediction model to other environments, such as ocean and soil microbiomes, could provide further insights into microbial ecology on a global scale.
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Pioneering research shows sea life will struggle to survive future global warming | ScienceDaily
A new study highlights how some marine life could face extinction over the next century, if human-induced global warming worsens.


						
The research, led by the University of Bristol and published today in Nature, compares for the first time how tiny ocean organisms called plankton responded, when the world last warmed significantly in ancient history with what is likely to happen under similar conditions by the end of our century.

Findings revealed the plankton were unable to keep pace with the current speed of temperature rises, putting huge swathes of marine life -- including fish which depend on these organisms for food -- in peril.

Lead author Dr Rui Ying, who led the project as part of his PhD in marine ecology at the University of Bristol, said: "The results are alarming as even with the more conservative climate projections of a 2degC increase, it is clear plankton cannot adjust quickly enough to match the much faster rate of warming which we're experiencing now and looks set to continue.

"Plankton are the lifeblood of the oceans, supporting the marine food web and carbon storage. If their existence is endangered, it will present an unprecedented threat, disrupting the whole marine ecosystem with devastating wide-reaching consequences for marine life and also human food supplies."

To reach this conclusion, the researchers developed a new model which allowed analysis of how plankton behaved some 21,000 years ago during the last Ice Age to be analysed alongside how they might act under future climate projections. By focusing on a specific plankton group which has existed throughout the ages, the modelling work offers unprecedented insights and levels of accuracy.

Dr Ying said: "The past is often considered key to understanding what the world could look like in future. Geological records showed that plankton previously relocated away from the warmer oceans to survive.




"But using the same model of ecology and climate, projections showed the current and future rate of warming was too great for this to be possible again, potentially wiping out the precious organisms."

Under The Paris Agreement, 196 nations agreed to limit the increase in the global average temperature to well below 2degC above pre-industrial levels and strive to limit the increase to 1.5degC. But a United Nations report last month warned the world faces as much as 3.1degC warming if governments do not take more action to reduce carbon emissions.

Co-author Daniela Schmidt, Professor of Earth Sciences at the University of Bristol, is a marine ecologist who has led multiple Intergovernmental Panel on Climate Change (IPCC) reports.

Prof Schmidt said: "This work emphasises the great risks posed by the dramatically fast climate and environmental changes the world is now facing. With these worrying trends set to worsen, there will be very real consequences for our ecosystems and people's livelihoods, including fishing communities. So the message is clear -- all nations must collectively and individually step up efforts and measures to keep global warming to a minimum."
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In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery | ScienceDaily
Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains, a study published in Nature suggests.


						
The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin, according to the research team led by University of Michigan and University of California San Francisco.

"FastGlioma is an artificial intelligence based diagnostic system that has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas," said senior author Todd Hollon, M.D., a neurosurgeon at University of Michigan Health and assistant professor of neurosurgery at U-M Medical School.

"The technology works faster and more accurately than current standard of care methods for tumor detection and could be generalized to other pediatric and adult brain tumor diagnoses. It could serve as a foundational model for guiding brain tumor surgery."

When a neurosurgeon removes a life threatening tumor from a patient's brain, they are rarely able to remove the entire mass.

What remains is known as residual tumor.

Commonly, the tumor is missed during the operation because surgeons are not able to differentiate between healthy brain and residual tumor in the cavity where the mass was removed.




The residual tumor may resemble healthy brain, which remains a major challenge in surgery.

Neurosurgical teams employ different methods to locate that residual tumor during a procedure.

They may get MRI imaging, which requires intraoperative machinery that is not available everywhere.

The surgeon might also use a fluorescent imaging agent to identify tumor tissue, which is not applicable for all tumor types.

These limitations prevent their widespread use.

In this international study of the AI driven technology, neurosurgical teams analyzed fresh, unprocessed specimens sampled from 220 patients who had operations for low- or high-grade diffuse glioma.




FastGlioma detected and calculated how much tumor remained with an average accuracy of approximately 92%.

In a comparison of surgeries guided by FastGlioma predictions or image- and fluorescent-guided methods, the AI technology missed high-risk, residual tumor just 3.8% of the time -- compared to a nearly 25% miss rate for conventional methods.

"This model is an innovative departure from existing surgical techniques by rapidly identifying tumor infiltration at microscopic resolution using AI, greatly reducing the risk of missing residual tumor in the area where a glioma is resected," said co-senior author Shawn Hervey-Jumper, M.D., professor of neurosurgery at University of California San Francisco and a former neurosurgery resident at U-M Health.

"The development of FastGlioma can minimize the reliance on radiographic imaging, contrast enhancement or fluorescent labels to achieve maximal tumor removal."

How it works

To assess what remains of a brain tumor, FastGlioma combines microscopic optical imaging with a type of artificial intelligence called foundation models.

These are AI models, such as GPT-4 and DALL*E 3, trained on massive, diverse datasets that can be adapted to a wide range of tasks.

After large scale training, foundation models can classify images, act as chatbots, reply to emails and generate images from text descriptions.

To build FastGlioma, investigators pre-trained the visual foundation model using over 11,000 surgical specimens and 4 million unique microscopic fields of view.

The tumor specimens are imaged through stimulated Raman histology, a method of rapid, high resolution optical imaging developed at U-M.

The same technology was used to train DeepGlioma, an AI based diagnostic screening system that detects a brain tumor's genetic mutations in under 90 seconds.

"FastGlioma can detect residual tumor tissue without relying on time-consuming histology procedures and large, labeled datasets in medical AI, which are scarce," said Honglak Lee, Ph.D., co-author and professor of computer science and engineering at U-M.

Full resolution images take around 100 seconds to acquire using stimulated Raman histology; a "fast mode" lower resolution image takes just 10 seconds.

Researchers found that the full resolution model achieved accuracy up to 92%, with the fast mode slightly lower at approximately 90%.

"This means that we can detect tumor infiltration in seconds with extremely high accuracy, which could inform surgeons if more resection is needed during an operation," Hollon said.

AI's future in cancer

Over the last 20 years, the rates of residual tumor after neurosurgery have not improved.

Not only does residual tumor result in worse quality of life and earlier death for patients, but it increases the burden on a health system that anticipates 45 million annual surgical procedures needed worldwide by 2030.

Global cancer initiatives have recommended incorporating new technologies, including advanced methods of imaging and AI, into cancer surgery.

In 2015, The Lancet Oncology Commission on global cancer surgery noted that "the need for cost effective... approaches to address surgical margins in cancer surgery provides a potent drive for novel technologies."

Not only is FastGlioma an accessible and affordable tool for neurosurgical teams operating on gliomas, but researchers say, it can also accurately detect residual tumor for several non-glioma tumor diagnoses, including pediatric brain tumors, such as medulloblastoma and ependymoma, and meningiomas.

"These results demonstrate the advantage of visual foundation models such as FastGlioma for medical AI applications and the potential to generalize to other human cancers without requiring extensive model retraining or fine-tuning," said co-author said Aditya S. Pandey, M.D., chair of the Department of Neurosurgery at U-M Health.

"In future studies, we will focus on applying the FastGlioma workflow to other cancers, including lung, prostate, breast, and head and neck cancers."
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Three galactic 'red monsters' in the early Universe | ScienceDaily
An international team led by the University of Geneva (UNIGE) has identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging existing galaxy formation models. The study is published in Nature.


						
In the theoretical model favored by scientists, galaxies form gradually within large halos of dark matter. Dark matter halos capture gas (atoms and molecules) into gravitationally bound structures. Typically, only at most ~20% of this gas is converted into stars in galaxies. However, new findings by an international team led by UNIGE with NASA's James Webb Space Telescope (JWST) challenges this view. They reveal that massive galaxies in the early Universe may have been much more efficient in building stars than their later counterparts, growing much more rapidly than previously thought.

Discovery of "Red Monsters"

JWST's unparalleled capabilities have allowed astronomers to systematically study galaxies in the very distant and early Universe, providing insights into massive and dust-obscured galaxies. By analyzing galaxies in the FRESCO survey, scientists found that most sources fit existing models. However, they also found three surprisingly massive galaxies, with stellar masses comparable to today's Milky Way. These are forming stars nearly twice as efficiently as their lower-mass counterparts and galaxies at later times. Due to their high dust content, which gives them a distinct red appearance in JWST images, they have been named the three "Red Monsters."

''Our findings are reshaping our understanding of galaxy formation in the early Universe,'' says Dr. Mengyuan Xiao, lead author of the new study and postdoctoral researcher in the Department of Astronomy at UNIGE Faculty of Science. ''The massive properties of these 'Red Monsters' were hardly determined before JWST, as they are optically invisible due to dust attenuation," says Dr. David Elbaz, director of research at CEA Paris-Saclay.

A Milestone in Galaxy Observations

The international team has developed a new program with the JWST to systematically analyze a complete sample of emission-line galaxies within the first billion years of cosmic history. This approach enabled the team to achieve precise distance estimates and reliable stellar mass measurements for the full galaxy sample.




''Our findings highlight the remarkable power of NIRCam/grism spectroscopy," explains Pascal Oesch, associate professor in the Department of Astronomy at the UNIGE Faculty of Science, principal investigator of this observation programme. ''The instrument on board the space telescope allows us to identify and study the growth of galaxies over time, and to obtain a clearer picture of how stellar mass accumulates over the course of cosmic history.''

''Too many, too massive" galaxies in the early Universe

While these findings do not conflict with the standard cosmological model, they raise new questions for galaxy formation theories, specifically the issue of "too many, too massive" galaxies in the early Universe. Current models may need to consider unique processes that allowed certain early massive galaxies to achieve such efficient star formation and thus form very rapidly, very early in the Universe. Future observations with JWST and the Atacama Large Millimeter Array (ALMA) will provide further insights into these ultra-massive "Red Monsters" and reveal larger samples of such sources.

''These results indicate that galaxies in the early Universe could form stars with unexpected efficiency,'' Dr. Mengyuan Xiao concludes. ''As we study these galaxies in more depth, they will offer new insights into the conditions that shaped the Universe's earliest epochs. The 'Red Monsters' are just the beginning of a new era in our exploration of the early Universe.''
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Can we live on our planet without destroying it? | ScienceDaily
With eight billion people, we use a lot of the Earth's resources in ways that are likely unsustainable. Klaus Hubacek, Professor of Science, Technology and Society at the University of Groningen, the Netherlands, takes stock of the situation. How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? It is possible, Hubacek shows, but it will require policies based on scientific evidence.


						
Our consumption patterns affect the environment, that much we know. A clear example is the concentration of carbon dioxide in the atmosphere. It has been rising at an increasingly faster rate since the 1960s, resulting in global warming, along with all its dire consequences. There is a limit to the amount of consumption the Earth can support, and in 2009, scientists defined nine 'planetary boundaries' as indicators of when we have reached that limit. Crossing them may lead to irreversible damage to the Earth's stability and resilience. These planetary boundaries include indicators such as ocean acidification and the global use of fresh water. In 2023, six of these planetary boundaries had already been crossed.

Hubacek has devoted his academic career to studying how humanity is performing in terms of these planetary boundaries, and what needs to change to prevent us from crossing them even further. According to him, 'the basic calculation is: given a certain number of people on the planet and the planetary boundaries, how much can we consume to stay inside these limits?'.

The divide between rich and poor

At the moment, the richest one per cent of the world's population produces 50 times more greenhouse gasses than the four billion people in the bottom 50 per cent. The divide between the rich and the poor on this planet is a common thread in Hubacek's work. He is one of the authors of a paper, published in the journal Nature on 13 November, that describes this issue. Using an extensive dataset covering up to 201 consumption groups across 168 countries, the paper analyses the impact of spending patterns on six key environmental indicators.

The analysis reveals how different consumer behaviours contribute to planetary transgressions, and concludes that if the world's top 20 per cent of consumers shifted their consumption habits toward more sustainable patterns found within their group, they could reduce their environmental impact by 25 to 53 per cent. The study also shows that changing consumption patterns in just the food and services sectors could help bring critical planetary boundaries back within safe limits.

Changing our lifestyle to stay within the boundaries

In previous papers, Hubacek researched specific solutions that could help us balance our lives to better deal with the planetary boundaries. In a study published last August, he showed that if a diet with less red meat and more legumes and nuts was adopted by the richest part of the world, food-driven emissions would fall by 17 per cent, even when the inhabitants of poorer nations increase their meat consumption.




And just last month, Hubacek co-authored a paper describing how the livestock sector is dangerously transgressing several of the planetary boundaries. The paper argues that any measures to counter this negative effect should be 'region-specific': 'Obviously, there will be differences. A plant-based diet is not suitable for traditional Mongolian nomads, who depend on yaks and their milk.'

Hubacek keeps pointing to solutions when he identifies transgressions of planetary boundaries. 'However, we shouldn't focus so much on creating new technical solutions, as there are already so many solutions which we don't implement,' he argues. 'And most governments subsidize bad behaviour.' For example, subsidies for fossil fuels globally are overcompensating for the mitigation effect that we achieve through carbon pricing such as carbon taxes and carbon trading schemes. 'And there are also many inconsistent policies, such as stimulating the use of heat pumps and, at the same time, raising the price of the electricity they use.'

It is possible

What Hubacek shows is that not all hope is lost: humanity can stay within the planetary boundaries. But it seems that there is little political will to tackle issues such as climate change. Hubacek: 'This worries me. And it causes real fear in the younger generation.' Hubacek underlines that his science is not activism-driven. 'I'm doing this work first and foremost because of my academic interest. But I also don't want to waste my time on something that is meaningless. What we need are evidence-based policies.'

Peipei Tian, Honglin Zhong, Xiangjie Chen, Kuishuang Feng, Laixiang Sun, Ning Zhang, Xuan Shao, Yu Liu & Klaus Hubacek: Keeping the global consumption within the planetary boundaries. Nature, 13 November 2024. 
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How to reduce social media stress by leaning in instead of logging off | ScienceDaily

The research, led by psychology professor Dr. Amori Mikami (she/her) and published this week in the Journal of Experimental Psychology: General, examined the effects of quitting social media versus using it more intentionally.

The results showed that users who thoughtfully managed their online interactions, as well as those who abstained from social media entirely, saw mental health benefits -- particularly in reducing symptoms of anxiety, depression and loneliness.

With social media use nearly universal among young adults, especially those ages 17-29, concerns over its impact on mental health have grown.

"There's a lot of talk about how damaging social media can be, but our team wanted to see if this was really the full picture or if the way people engage with social media might make a difference," said Dr. Mikami.

Instead of treating social media as an all-or-nothing choice, the study explored whether helping young adults learn "smarter" engagement techniques could enhance their well-being.

In the six-week study, 393 Canadian young adults with some mental health symptoms and concerns about social media's impact on their mental health were split into three groups:
    	a control group that continued their usual routines
    	an abstinence group asked to stop using social media entirely
    	a "tutorial" group that was coached in intentional usage

The tutorials guided participants on fostering meaningful online connections, limiting interactions that encouraged self-comparison, and carefully selecting who they followed.




Both the abstinence and tutorial groups reduced their social media use and experienced fewer social comparisons -- a common trigger for anxiety and low self-esteem. While the tutorial group didn't cut back on social media as much as those who tried to abstain completely, they reported notable improvements in loneliness and fear of missing out (FOMO).

By comparison, those who abstained from social media altogether were more successful in reducing depression and anxiety symptoms, yet reported no improvement in loneliness.

"Cutting off social media might reduce some of the pressures young adults feel around presenting a curated image of themselves online. But, stopping social media might also deprive young adults of social connections with friends and family, leading to feelings of isolation," said Dr. Mikami.

Dr. Mikami, along with graduate students Adri Khalis and Vasileia Karasavva, used an approach with the tutorial group that emphasized quality over quantity in social media interactions. By muting or unfollowing accounts that triggered envy or negative self-comparisons and prioritizing close friendships, tutorial participants built a healthier online environment. Rather than passively scrolling, they were encouraged to actively engage with friends by commenting or sending direct messages -- a behaviour that tends to deepen meaningful connections while helping users feel more socially supported.

For Dr. Mikami, this balanced approach may be a realistic alternative to complete abstinence, which may not be feasible for many young adults.

"Social media is here to stay," she said. "And for many people, quitting isn't a realistic option. But with the right guidance, young adults can curate a more positive experience, using social media to support their mental health instead of detracting from it."

Dr. Mikami believes the findings can offer valuable insights for mental health programs and schools. She envisions future workshops and educational sessions where young adults learn to use social media as a tool to strengthen their relationships rather than as a source of comparison and stress. This approach, she suggests, could break the cycle of quitting social media only to return later, sometimes with worse effects.

The research emphasizes that young people's well-being is closely tied to how they engage. By offering alternative ways to interact online, Dr. Mikami's team has shown that positive mental health outcomes are possible without sacrificing the social connectivity that platforms provide. As she put it: "For many young people, it's not about logging off. It's about leaning in -- in the right way."
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Building a diverse wildland fire workforce to meet future challenges | ScienceDaily
Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.


						
Every year around this time, California's wildland firefighters hold their breath as hot, dry winds threaten to spread flames across the state. As such conflagrations grow in size and severity throughout the Western U.S., the strain on fire managers has intensified. A new report from Stanford University's Climate and Energy Policy Program provides a blueprint for fostering a more inclusive, diverse and well-supported workforce to meet the increasing need for fire mitigation and management.

"The wellbeing of the wildland fire workforce has received national attention, yet recruitment and retention challenges specific to women, people of color, and other underrepresented groups in the field has too often been overlooked," said report coauthor Abigail Varney, a wildland fire fellow at the Stanford Doerr School of Sustainability and a federal wildland firefighter. "Expanding workforce capacity and effectiveness will require increased investment in more equitably supporting all of our firefighters."

The report addresses the cultural, structural, and capacity-related barriers that have historically prevented a more diverse group of people from entering and succeeding in the fire management field. Overcoming these obstacles will be critical to attracting and retaining a workforce capable of addressing the wildfire crisis, the authors write.

Overcoming barriers to change

Despite a growing recognition of the benefits of workforce diversity, the wildland fire profession remains largely homogenous. According to the U.S. Government Accountability Office, 84% of the federal fire management workforce identifies as male, and 72% identifies as white. The Stanford report points to several factors contributing to this lack of diversity, including implicit bias, inequitable career advancement opportunities, and a workplace culture that has historically marginalized women and people of color.

The report recommends several strategies to increase diversity and inclusivity in fire management. Among them: outreach efforts aimed at underrepresented populations, the creation of more inclusive onboarding processes, and the development of resources to support the families of firefighters.

Improving health equity and workplace culture

Wildland firefighters face numerous physical and mental health challenges, including exposure to hazardous environments, long hours, and high levels of stress. However, women and people of color may experience these health threats differently because of their specific needs or vulnerabilities. Among the report's recommendations for improving health equity: expanding insurance coverage for reproductive health services, including female-reproductive organ cancers in presumptive coverage legislation, and increasing mental health services that are gender- and culture-responsive.

Another crucial change, according to the report: promoting a workplace culture within fire management agencies that fosters an inclusive environment where all employees feel valued and supported. The authors recommend regular workplace culture assessments, as well as mandatory training programs to address implicit bias, harassment, and discrimination. "By taking the actions recommended in this report, lawmakers and fire management agencies will not just address barriers to recruitment and retention, but also help build a workforce that is well equipped and supported to meet the challenges ahead," said report coauthor Cassandra Jurenci, a wildfire legal fellow at the Stanford Law School.Coauthors of the paper also include Michael Wara, director of the Climate and Energy Policy Program at the Stanford Woods Institute for the Environment and Michael Mastrandrea, research director of the program. Wara and Mastrandrea are senior director for policy and director for policy, respectively, in the Stanford Doerr School of Sustainability's Sustainability Accelerator.
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Fossil fuel CO2 emissions increase again in 2024 | ScienceDaily
Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research by the Global Carbon Project science team.


						
The 2024 Global Carbon Budget projects fossil carbon dioxide (CO 2) emissions of 37.4 billion tonnes, up 0.8% from 2023.

Despite the urgent need to cut emissions to slow climate change, the researchers say there is still "no sign" that the world has reached a peak in fossil CO2 emissions.

With projected emissions from land-use change (such as deforestation) of 4.2 billion tonnes, total CO2 emissions are projected to be 41.6 billion tonnes in 2024, up from 40.6 billion tonnes last year.

Over the last 10 years, fossil CO2 emissions have risen while land-use change CO2 emissions have declined on average -- leaving overall emissions roughly level over that period.

This year, both fossil and land-use change CO2 emissions are set to rise, with drought conditions exacerbating emissions from deforestation and forest degradation fires during the El Nino climate event of 2023-2024.

With over 40 billion tonnes released each year at present, the level of CO2 in the atmosphere continues to rise -- driving increasingly dangerous global warming.




The research team included the University of Exeter, the University of East Anglia (UEA), CICERO Center for International Climate Research, Ludwig-Maximilian-University Munich, Alfred-Wegener-Institut and 80 other institutions around the world.

"The impacts of climate change are becoming increasingly dramatic, yet we still see no sign that burning of fossil fuels has peaked," said Professor Pierre Friedlingstein, of Exeter's Global Systems Institute, who led the study.

"Time is running out to meet the Paris Agreement goals -- and world leaders meeting at COP29 must bring about rapid and deep cuts to fossil fuel emissions to give us a chance of staying well below 2degC warming above pre-industrial levels."

Professor Corinne Le Quere, Royal Society Research Professor at UEA's School of Environmental Sciences, said: "Despite another rise in global emissions this year, the latest data shows evidence of widespread climate action, with the growing penetration of renewables and electric cars displacing fossil fuels, and decreasing deforestation emissions in the past decades confirmed for the first time."

Dr Glen Peters, of the CICERO Center for International Climate Research in Oslo, said: "There are many signs of positive progress at the country level, and a feeling that a peak in global fossil CO2 emissions is imminent, but the global peak remains elusive.

"Climate action is a collective problem, and while gradual emission reductions are occurring in some countries, increases continue in others.




"Progress in all countries needs to accelerate fast enough to put global emissions on a downward trajectory towards net zero."

Professor Friedlingstein added: "Until we reach net zero CO2 emissions globally, world temperatures will continue to rise and cause increasingly severe impacts."

Other key findings from the 2024 Global Carbon Budget include:
    	Globally, emissions from different fossil fuels in 2024 are projected to increase: coal (0.2%), oil (0.9%), gas (2.4%). These contribute 41%, 32% and 21% of global fossil CO2 emissions respectively. Given the uncertainty in the projections, it remains possible that coal emissions could decline in 2024.
    	China's emissions (32% of the global total) are projected to marginally increase by 0.2%, although the projected range includes a possible decrease in emissions.
    	US emissions (13% of the global total) are projected to decrease by 0.6%.
    	India's emissions (8% of the global total) are projected to increase by 4.6%.
    	European Union emissions (7% of the global total) are projected to decrease by 3.8%.
    	Emissions in the rest of the world (38% of the global total) are projected to increase by 1.1%.
    	International aviation and shipping (3% of the global total, and counted separately from national/regional totals) are projected to increase by 7.8% in 2024, but remain below their 2019 pre-pandemic level by 3.5%.
    	Globally, emissions from land-use change (such as deforestation) have decreased by 20% in the past decade, but are set to rise in 2024.
    	Permanent CO2 removal through reforestation and afforestation (new forests) is offsetting about half of the permanent deforestation emissions.
    	Current levels of technology-based Carbon Dioxide Removal (excluding nature-based means such as reforestation) only account for about one-millionth of the CO2 emitted from fossil fuels.
    	Atmospheric CO2 levels are set to reach 422.5 parts per million in 2024, 2.8 parts per million above 2023, and 52% above pre-industrial levels.
    	The effects of the temporary El Nino climate event also led to a reduction in carbon absorption by ecosystems on land (known as the land CO2 "sink") in 2023, which is projected to recover as El Nino ended by the second quarter of 2024.
    	Emissions from fires in 2024 have been above the average since the beginning of the satellite record in 2003, particularly due to the extreme 2023 wildfire season in Canada (which persisted in 2024) and intense drought in Brazil.
    	The land and ocean CO2 sinks combined continued to take up around half of the total CO2 emissions, despite being negatively impacted by climate change.

How long until we pass 1.5degC of global warming? 

This study estimates the remaining "carbon budget" before the 1.5degC target is breached consistently over multiple years, not just for a single year. At the current rate of emissions, the Global Carbon Budget team estimates a 50% chance global warming will exceed 1.5degC consistently in about six years. This estimate is subject to large uncertainties, primarily due to the uncertainty of the additional warming coming from non-CO2 agents (e.g., CH4, N2O, aerosols). However, it's clear that the remaining carbon budget -- and therefore the time left to meet the 1.5degC target and avoid the worst impacts of climate change -- has almost run out.

The Global Carbon Budget report, produced by an international team of more than 120 scientists, provides an annual, peer-reviewed update, building on established methodologies in a fully transparent manner. The 2024 edition (the 19th annual report) will be published in the journal Earth System Science Data on November 13 as a pre-print, and later as a peer-reviewed paper.
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From pets to pests: Researchers explore new tool to fight disease-carrying insects | ScienceDaily
Arkansas researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.


						
After switching to fluralaner as a veterinary medication for her dog, Emily McDermott, assistant professor of medical and veterinary entomology and a researcher for the Arkansas Agricultural Experiment Station, was curious about exploring other possible applications for it.

"The reason I put my dog on this fluralaner drug is because the spot-on treatments were not working very well," she said. "Fluralaner is exciting because it has a different mode of action than current insecticides."

The drug prevents insects' nerve cells from working properly, disrupting their nervous systems.

McDermott says previous studies had shown promising results when fluralaner was applied as a spray but that it's much more effective if ingested orally.

McDermott and Ph.D. student Blythe Lawson conducted research to find out if fluralaner would be effective as a larvicide and the best method to feed it to the larvae.

By treating larvae directly, they were able to use less chemicals and target specific areas where larvae are concentrated, reducing the need for widespread spraying and minimizing the risk of contaminating waterways and the environment.




The study "Successful yeast microencapsulation of fluralaner and its potential as a larvicide for vector control," was published in the Acta Tropica journal in August.

"Fluralaner is an up-and-coming synthetic chemical, and there's a lot of interest in expanding its use," Lawson said. "There's a big need for larvicides in the market; there are only a few for mosquitoes."

Flies and mosquitoes can carry diseases such as malaria, dengue and Zika virus. McDermott says disease vectors such as mosquitoes and flies have developed resistance to commonly used drugs and traditional methods often target adult insects. But Lawson and McDermott investigated ways to use fluralaner to target these insect's larvae before they develop into adults, which is when they are most likely to spread diseases or become pests.

"You can knock those populations down before they start causing problems," McDermott said.

Fluralaner is sold in chewable form for pets under the brand name Bravecto, currently the only labeled form of fluralaner in the United States.

The Trojan horse method

McDermott and Lawson used a yeast microencapsulation technique to investigate if fluralaner would work. They encapsulated yeast cells with the insecticide and then tested it on larvae of three species:
    	Common house fly -- Musca domestica
    	Asian tiger mosquito -- Aedes albopictus
    	Biting midge -- Culicoides sonorensis, the most common midge in much of eastern U.S.




McDermott and Lawson said the larvae of these species naturally consume microorganisms such as yeast, making the microencapsulation an ideal delivery method.

"It acts like a Trojan horse," Lawson said.

Their research showed fluralaner is effective and long-lasting as a larvicide. The study found that a single application of microencapsulated fluralaner could control mosquito larvae for five weeks and midge larvae for eight weeks.

"We compared our product to a couple of commercially available mosquito larvicides, and we found that it was as effective or more effective than the products that are currently on the market," McDermott said.

The study also found that a higher concentration is needed to kill off housefly larvae compared to mosquitoes or biting midges, which McDermott says was not surprising given that houseflies are larger.

However, McDermott said the midges seemed to be less sensitive to the larvicide than mosquitoes, which was not expected because the midge larvae are much smaller than the mosquito larvae.

"So, we do think there's a size component to this, but it's not just size -- there's something about the physiology of the insects as well," she said.

Future use

McDermott envisions this research will lead to the development of a product that could be used around households and trash collection sites, for example.

"The way our product is formulated is that after we encapsulate the active ingredient in the yeast, we freeze-dry it and get it back down to a powdered yeast form," she said. "We envision this product could be in a backpack sprayer, and you would spray it like any other kind of insecticide."

McDermott says her team is engaging with industry partners to move forward with this patent-pending technology.

'We're still several steps away from a commercial application," she said. "With further testing and development, this yeast-based larvicide could provide a new tool for vector-control efforts and public health."

This study was supported by Deployed Warfighter Protection Program Award No. W911QY2210003. The DWFP is a research program tasked with developing and testing management tools for pest and vector species that transmit diseases to deployed war-fighters. It's administered by the Armed Forces Pest Management Board and sponsored by the Department of Defense.
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Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging | ScienceDaily
Bioluminescence is the natural chemical process of light creation in some living creatures that makes fireflies flicker and some jellyfish glow. Scientists have long been interested in borrowing the secrets of these animals' light-producing genes to create similar effects in vertebrates, for a variety of biomedical applications.


						
UC Santa Cruz Assistant Professor of Biomolecular Engineering Andy Yeh is designing completely artificial proteins that produce bioluminescence to serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more. A new paper published in the flagship journal Chem reports on a new series of bioluminescent proteins designed by Yeh and his group, which are small, efficient, highly stable, and can produce multiple colors of light for real-time imaging in cellular and animal models.

This field of designing proteins that are not found in nature, called "de novo protein design," recently won a group of scientists the 2024 Nobel Prize in Chemistry, including David Baker, Yeh's post-doctoral advisor. The proteins described in this paper were created using deep learning protein design softwares developed by Baker's group, as well as protein structure prediction methods produced by DeepMind, whose founder also shared the Nobel Prize.

"We call this de novo protein design, because these proteins are computationally designed from scratch -- it's not found in nature and not even in the evolutionary trajectory. We demonstrated the use of the recently awarded Nobel Prize concept to build up new light-emitting enzymes, which serve as optical-based probes for biological studies," Yeh said.

Better imaging probes beyond fluorescence

Many researchers and clinicians use fluorescence imaging techniques to understand disease, aid in drug discovery, and more. Fluorescence probes require external excitation light to shine. When external light shines on a tissue, every cell responds, creating a lot of background light that makes it harder to distinguish whatever the researcher or clinician is looking for.

Bioluminescent imaging is different in that it is "excitation-free" -- the whole light emission process occurs on a chemical reaction level. Bioluminescence creates no background light response, making it much more effective for imaging features that may be deep within a tissue, like a tumor.




This paper shows that the researchers' light-emitting proteins work at the level of molecules, cells, and in a whole animal, making it more generalizable for different kinds of scientific research. It is especially suitable for non-invasive in vivo imaging because it can reveal information about biological processes deep within a tissue in real time without having to remove a sample from the body.

Visualizing multiple biological events

These specially designed proteins are "orthogonal," with their reaction center highly tailored to the shape of the designed light-emitting molecule. This means that the designer enzyme does not react with other similar molecules that a researcher or clinician may be using at the same time.

"The designed reaction is very specific, so it can be used in combination with existing light-emitting enzymes, because the enzyme recognizes a different molecule," Yeh said. "People already use light-emitting enzymes found in nature for a lot of biological research, and we are not reinventing the wheel. We are creating additional toolkits that work better and can be used in combination with the bioluminescence tools that the scientific community is familiar with."

Yeh and his team also developed a method to shift the color of the light emitted by the proteins. Typically, these enzymes shine blue light, but through an efficient energy transfer process, the researchers made it possible to emit green, yellow, orange, and red light. This would allow a researcher or clinician to monitor various different biological features, called "multiplexing," which is important for studying complex processes such as cancer development.

The new age of de novo protein design

De novo proteins are highly thermostable, meaning that they will not unfold at high temperatures, unlike other naturally occurring bioluminescent enzymes. A highly stable protein would be much easier to use for point-of-care diagnostics, as it would reduce the need for specialized shipping at low temperatures.

"We have now produced light-emitting enzymes with ideal protein folding that nature does not always need to optimize during evolution," Yeh said. "This is the first instance in which we demonstrated that artificial light-emitting enzymes can produce enough photons in vertebrate animals for bioimaging. The computational protein design methods are becoming better and better, and so will the enzymes we design. I believe it is very true what David Baker said: this is just the beginning of de novo protein design."
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New study links air pollution with higher rates of head and neck cancer | ScienceDaily

The article, "Air Pollution Exposure and Head and Neck Cancer Incidence," is the work of a multi-institutional collaboration with researchers from Wayne State University, Johns Hopkins University and Mass General Brigham.

The study was led by John Cramer, Ph.D., associate professor of otolaryngology, and John Peleman, M.D., medical resident in the Department of Otolaryngology, in the Wayne State University School of Medicine. They collaborated with Mass General Brigham, an integrated academic health care system.

"There has been previous research on air pollution, but the effects mostly were connected to cancers within the lower respiratory system," said Cramer. "Head and neck cancer is a harder link to show, and it has a much lower occurrence than lung cancers, but since they also occur as a result of smoking, similar to lung cancers, we wanted to explore any connections. Presumably, the link to head and neck cancer comes from what we breathe to that material affecting the lining in the head and neck. We see a lot of occurrences of where carcinogens touch or pool in the body to where cancers can occur."

"While there has been substantial research investigating the effects of air pollutants on lung disease, few studies have focused on air pollution exposure as a risk factor for the upper airway, including the development of head and neck cancer," said senior author Stella Lee, M.D., of the Center for Surgery and Public Health and Division of Otolaryngology-Head & Neck Surgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham health care system. "These findings shed light on the significant role of environmental pollution in cancers of the upper aerodigestive tract, highlighting the need for further awareness, research and mitigation efforts."

Their research used data from the U.S. Surveillance Epidemiology and End Results (SEER) national cancer database from the years 2002-12. Cramer observed the highest association between this type of pollution exposure with head and neck cancer after a five-year lag period. They focused on PM2.5, which is particulate matter measuring less than 2.5 microns, and its effect on head and neck aerodigestive cancer incidence.

"We are looking at a certain size of air pollution particulates," said Cramer. "The size of the particles is relevant because the classic model for studying the upper airways is that the nose and throat act as filters before it gets into the lungs. Larger particles are being filtered out, but we are conceptualizing that different types of pollution hit different parts of the airways."

Cramer hopes to expand their research by taking other data sets into account. He hopes that by showing this research to the public, it could help guide policy as well as aid treatment in the future.

"Environmental health and personal health are inextricably linked," said co-author Amanda Dilger, M.D. of CSPH and Massachusetts Eye and Ear, a member of the Mass General Brigham health care system. "Our study highlights the need to improve air quality standards in order to decrease the risk of developing cancer, including head and neck cancer."
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Earliest ancient Maya salt works excavated | ScienceDaily
A team of archaeologists from LSU and the University of Texas at Tyler have excavated the earliest known ancient Maya salt works in southern Belize, as reported in the journal Antiquity. The team was led by LSU Alumni Professor Heather McKillop, who first discovered wooden buildings preserved there below the sea floor, along with associated artifacts, and the only ancient Maya wooden canoe paddle in 2004.


						
Her key collaborator, Assistant Professor Elizabeth Sills at the University of Texas at Tyler, began working with McKillop as a master's student and then as a doctoral student at LSU.

Since their initial discovery of wood below the sea floor in Belize, the team has uncovered an extensive pattern of sites that include "salt kitchens" for boiling seawater in pots over a fire to make salt, residences for salt workers, and the remains of other pole and thatch buildings.

All were remarkably well preserved in red mangrove peat in shallow coastal lagoons. Since 2004, the LSU research team has mapped as many as 70 underwater sites, with 4,042 wooden posts marking the outlines of ancient buildings.

In 2023, the team returned to Belize to excavate a site called Jay-yi Nah, which curiously lacked the broken pots so common at other salt works, while a few pottery sherds were found.

"These resembled sherds from the nearby island site of Wild Cane Cay, which I had previously excavated," McKillop said. "So, I suggested to Sills that we survey Jay-yi Nah again for posts and sea floor artifacts."

After their excavations, McKillop stayed in a nearby town to study the artifacts from Jay-yi Nah. As reported in Antiquity, the materials they found contrasted with those from other nearby underwater sites, which had imported pottery, obsidian, and high-quality chert, or flint.

"At first, this was perplexing," McKillop said. "But a radiocarbon date on a post we'd found at Jay-yi Na provided an Early Classic date, 250-600 AD, and solved the mystery."

Jay-yi Nah turned out to be much older than the other underwater sites. Through their findings, the researchers learned Jay-yi Nah had developed as a local enterprise, without the outside trade connections that developed later during the Late Classic period (AD 650-800), when the inland Maya population reached its peak with a high demand for salt -- a basic biological necessity in short supply in the inland cities.

Jay-yi Nah had started as a small salt-making site, with ties to the nearby community on Wild Cane Cay that also made salt during the Early Classic period. Abundant fish bones preserved in anaerobic deposits at Wild Cane Cay suggest some salt was made there for salting fish for later consumption or trade.
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In step forward for quantum computing hardware, physicist uncovers novel behavior in quantum-driven superconductors | ScienceDaily
A new study has uncovered important behavior in the flow of electric current through superconductors, potentially advancing the development of future technologies for controlled quantum information processing.


						
The study is co-authored by Babak Seradjeh, Professor of Physics within the College of Arts and Sciences at Indiana University Bloomington, with theoretical physicists Rekha Kumari and Arijit Kundu of the Indian institute of Technology Kanpur. While the study is theoretical, the research team confirmed their results through numerical simulations. Published in Physical Review Letters, the world's premier physics journal, the research focuses on "Floquet Majorana fermions" and their role in a phenomenon called the Josephson effect, which could lead to more precise control of the dynamics of driven quantum systems.

Potentially advancing quantum computing

Developing a full-fledge quantum computer is hampered by a core issue: instability. This instability is mainly due to something called "quantum decoherence," wherein quantum bits, known as "qubits," lose their delicate quantum state due to interference from their environment -- such as temperature fluctuations or electromagnetic noise.

Qubits can be made using different physical systems, such as trapped ions, optical arrays, or superconductors -- materials that can conduct electricity with zero resistance without losing any energy, often at extremely low temperatures close to absolute zero. This makes quantum computers incredibly energy-intensive to keep cold, and thus stable, because when qubits aren't kept cold enough they become even more unstable, which means errors happen by larger amounts and more frequently.

One way to counter such errors is to look for "room-temperature superconductors," often referred to as the Holy Grail of superconductivity, because the cooling process is so costly and complex. If scientists could develop materials that exhibit superconductivity close to room temperature (approximately 20-25 degrees Celsius or 68-77 degrees Fahrenheit), it could revolutionize technology as we know it, eventually leading to lossless power transmission, exponentially faster and more energy-efficient electronics, and advanced cryptosecurity.

Professor Seradjeh and colleagues address the issue of decoherence in a different way -- by encoding the quantum information non-locally so that it is spread over a larger distance in space, and therefore making it immune to local noise and fluctuations.




What makes "Floquet Majorana Fermions" special for quantum computing?

Majorana fermions are named after Ettore Majorana, the Italian physicist who first proposed their existence in 1937 as subatomic particles that behave in unique ways; unlike most particles, Majorana fermions are their own antiparticles. (For every type of particle in the universe -- such as electrons and protons -- there exists a corresponding antiparticle with opposite charge and the same mass, and this symmetry between particles and antiparticles is a fundamental part of the structure of the universe.)

The mathematical physicist Alexei Kitaev realized in 2000 that Majorana fermions can exist not only as elementary particles, but also as quantum excitations in certain materials known as topological superconductors. These differ from regular superconductors in that a topological superconductor has unique, stable quantum states on its surface or edges that are protected by the material's underlying topology -- the way the electrons' motion is shaped at the quantum level.

These surface states make them resistant to disruptions, which is why they hold potential for developing more stable quantum computers. These special edge states behave just as Majorana fermions, which don't exist in regular superconductors. In theory, such Majorana fermions can be used to store quantum information nonlocally, thus providing a way to protect qubits from decoherence.

Professor Seradjeh and colleagues explored Majorana fermions in a specific context: superconductors that are "periodically driven," meaning, they are exposed to external energy sources that cycle on and off in a repeated pattern. This periodic driving alters the behavior of the Majorana fermions, transforming them into "Floquet Majorana fermions" (FMFs). Floquet Majorana fermions can exist in distinct states not possible without the periodic drive, changing based on their interaction with the cycling energy source. The periodic driving of the superconductor is key to maintaining the FMFs and the unusual patterns they create.

To produce an electric current in normal conductors between two points one needs to apply a voltage, which acts as the pressure that pushes electricity between two points. But because of a peculiar quantum tunneling process known as the "Josephson effect" current can flow between two superconductors without the need for an applied voltage. The FMFs influence this Josephson current in unique ways. In most systems, the current between two superconductors repeats itself at regular intervals. However, FMFs manifest themselves in a pattern of current that oscillates at half the normal rate, creating a unique signature that can help in their detection.

Tuning the current with new techniques

One of the key findings revealed by Seradjeh and colleagues' study is that the strength of the Josephson current -- the amount of electrical flow -- can be tuned using the "chemical potential" of the superconductors. Simply stated, the chemical potential acts as a dial that adjusts the properties of the material, and the researchers found that it could be modified by synching with the frequency of the external energy source driving the system. This could provide scientists a new level of control over quantum materials and opens up possibilities for applications in quantum information processing, where precise manipulation of quantum states is critical.

The discovery that Floquet Majorana fermions have unique properties that can be controlled through external drives could help pave the way for building quantum computers that are faster and more resistant to errors. These findings provide researchers worldwide with a roadmap for detecting and exploring new, controllable properties in driven quantum systems.
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Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills | ScienceDaily
In an office full of new coworkers, someone suggests going out for pizza. One person is extra hungry and gobbles up a slice too fast, burning the roof of his mouth in the process.


						
Has something like this ever happened to you? It's an embarrassing moment at first, but later on, it becomes a story you joke about at the office -- and possibly, it could mean much more.

Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But, as Binghamton University, State University of New York Assistant Professor Matthew Lyle helped uncover in a new study, it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships.

The study's results could help managers understand the importance of encouraging shared memories in cross-occupational coordination at their workplace. In other words: it's a good idea for employees to form shared memories with their colleagues.

"One major takeaway from this research is that, for larger projects involving people in different occupations or experience levels within the same company, you'll need some kind of shared experience that enables them not only to work more effectively together but also be more comfortable sharing their ideas," said Lyle, an expert in organizational strategy. "It could also be like a double-edged sword in a way because, if the event is strong enough to bring people together, it could also disrupt established groups."

The study, "'We Can Win This Fight Together': Memory and Cross-Occupational Coordination," was published in the Journal of Management Studies.

How a strike in South Korea helped researchers

Lyle and fellow researchers framed their study around the case of a 170-day strike in 2012 at a South Korean public broadcaster, which they anonymized as "TelvCorp" for the study. Over the years, the broadcaster employed multiple occupations and garnered prestigious awards, won primarily by reporters.




The strike happened after reporters viewed action by South Korea's then-recently-elected conservative government in 2008 as a threat, believing their CEO had been replaced by a pro-administration figure to gain more favorable coverage. The new CEO, a former TelvCorp employee, was accused by staff of promoting executives and managers to monitor news programs and remove content perceived as critical of the government. Reporters decided to strike.

Lyle's study noted that TelvCorp's non-reporters were initially hesitant to participate fully due to their memories of reporters having been self-serving and ego-driven during past strikes. However, the CEO's decision to fire union leaders, which those across occupational boundaries discussed and commonly remembered as a "call to arms," catalyzed intense collaboration. These different groups had become what researchers call a "mnemonic community," or group that remembers together, that endured long after the strike ended.

Unfortunately, the news was not all positive. Lyle and fellow researchers found a divide had emerged between those who went on strike and those who didn't.

"When the strike was over, the situation became more complicated because things were unlikely to go back to the way they were at that workplace," he said. "Now, there's a new group after the strike, with some people saying they could no longer see colleagues who chose an opposite side in the strike as good people."

How this research helps improve office teamwork

While Lyle and his fellow researchers reached these conclusions by studying a single organization, he believes there are lessons to be pulled from their analysis that might broadly aid organizations.




For instance, Lyle said a strong, perhaps unorthodox experience is more likely to encourage collaborative work. For example, in describing a hypothetical company retreat, Lyle mentioned how remembering "when Jenny fell off the rope swing, or when Jim face-planted trying to do that" could form a core memory that makes members more willing to work together.

While Lyle admitted those types of memories may sound juvenile or unnecessary, they form the basis of shared memories that help when people sit down at work to decide how to tackle a problem together. The gobbling of the hot pizza, then, could become a memory with lasting implications.

"When you're in the in-group, you're more likely to help each other out and have each other's backs," Lyle said. "We know we can create those things artificially, but why not create them around some shared experience that makes a memory, that makes people want to work together?"
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Young coral use metabolic tricks to resist bleaching | ScienceDaily
Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a study published November 12 in the open-access journal PLOS Biology by Ariana S. Huffmyer of the University of Washington, US, and colleagues.


						
High ocean temperatures cause coral bleaching, which results from the disruption of the relationship between corals and their symbiotic algae, an increasing concern as global temperatures rise. However, relatively little research has examined the effects of high temperatures during early life stages of corals.

In this study, Huffmyer and colleagues exposed coral larvae to high temperatures at the Hawai'i Institute of Marine Biology. For three days during their first week of development, the larvae and their algal symbionts were treated to temperatures 2.5 degrees Celsius above ambient temperature, similar to expected changes in seawater due to climate change. The coral larvae showed no signs of bleaching in the heated water, and they were able to maintain rates of algal photosynthesis and the supply of carbon-based nutrition from the algae to the host. However, there was a 19% reduction in coral metabolism, as well as increased uptake and storage of nitrogen by the coral, both of which are apparent strategies that improve coral survival.

Reduced metabolism allows the coral to conserve energy and resources, also seen in adult corals during bleaching. The change in nitrogen cycling seems to be an adaptation by the coral to limit the amount of nitrogen available to the algae, thus preventing algal overgrowth and the destabilization of the coral-algae relationship.

It remains unclear how effective these strategies are at higher temperatures and for longer durations. Further research into the details and limitations of coral reaction to high temperatures will provide crucial knowledge for predicting coral response and protecting coral reefs as global temperatures continue to rise.

The authors add, "This research reveals that coral larvae must invest in their nutritional partnership with algae to withstand stress, offering key insights into strategies to avoid bleaching in earliest life stages of corals."
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Updated guidance reaffirms CPR with breaths essential for cardiac arrest following drowning | ScienceDaily
Updated guidance reaffirms the recommendation for cardiopulmonary resuscitation (CPR) and highlights the importance of compressions with rescue breaths as a first step in responding to cardiac arrest following drowning, according to a new, focused update to Special Circumstances Guidelines from the American Heart Association and the American Academy of Pediatrics. The organizations have previously partnered on neonatal guidelines, however, this is the first collaboration on resuscitation after drowning. The recommendations are published today simultaneously in the flagship, peer-reviewed journals of each organization, Circulation and Pediatrics. The publication in Pediatrics focuses on resuscitation of children following drowning and references pediatric literature, while the publication in Circulation is for resuscitation of both adults and children and includes literature addressing both populations.


						
Drowning is the third-leading cause of death from unintentional injury worldwide. The World Health Organization estimates there are about 236,000 deaths due to drowning each year globally. According to the CDC, it's the number one cause of death for children ages 1-4 years old in the U.S.

Disparities in access to swim lessons and other preventive strategies have created inequities; among children ages 17 and younger, U.S. drowning rates are highest among Black and American Indian and Alaska Native individuals.

"The focused update on drowning contains the most up-to-date, evidence-based recommendations on how to resuscitate someone who has drowned, offering practical guidance for health care professionals, trained rescuers, caregivers and families," said writing group Co-Chair Tracy E. McCallin, M.D., FAAP, associate professor of pediatrics in the division of pediatric emergency medicine at Rainbow Babies and Children's Hospital in Cleveland. "While we work on a daily basis to lower risks of drowning through education and community outreach on drowning prevention, we still need emergency preparedness training that can be used in tragic circumstances if a drowning occurs."

Detailed in the new guideline update:
    	Anyone removed from the water without showing signs of normal breathing or consciousness should be presumed to be in cardiac arrest.
    	Rescuers should immediately initiate CPR that includes rescue breathing in addition to chest compressions. Multiple large studies over time show more people with cardiac arrest from non-cardiac causes such as drowning survive when CPR includes rescue breaths compared to Hands-Only CPR (calling 911 and pushing hard and fast in the center of the chest).

Drowning generally progresses quickly from initial respiratory arrest (when a person is unable to breathe) to cardiac arrest, meaning that the heart stops beating. As a result, blood cannot circulate properly throughout the body, and it is starved of oxygen.

"CPR for cardiac arrest due to drowning must focus on restoring breathing as well as restoring blood circulation," said writing group Co-Chair Cameron Dezfulian, M.D., FAHA, FAAP, senior faculty in pediatrics and critical care at Baylor College of Medicine in Houston.




"Cardiac arrest following drowning is most often due to severe hypoxia, or low blood oxygen levels," Dezfulian said. "This differs from sudden cardiac arrest from a cardiac cause where the individual generally collapses with fully oxygenated blood."

The updated guidance advises untrained rescuers and the public to:
    	Provide CPR with breaths and compressions to all people who have a cardiac arrest after drowning. If a person is untrained, unwilling, or unable to give breaths, they can provide chest compressions only until help arrives.
    	In-water rescue breathing should be given only by rescuers trained in this special skill if it doesn't compromise their own safety. Trained rescuers should also provide supplemental oxygen if available.
    	The initiation of CPR should always be prioritized and begin as soon as possible as early lay responder CPR has been shown to improve outcomes from drowning.
    	The writing group recommends an automated external defibrillator (AED) should be placed in public facilities where aquatic activities are present such as swimming pools or beaches. They can be used once the person is removed from the water, if available, yet should not delay initiation of CPR. If available, the AED should be connected to the patient to assess for shockable rhythms once CPR is ongoing. Although most cases of cardiac arrest following drowning do not have shockable rhythms, if a primary cardiac event such as a heart attack occurs while in the water, the best outcomes are when defibrillation is done quickly. AED use is safe and feasible in aquatic environments.
    	All individuals requiring any level of resuscitation following drowning, including those who only need rescue breaths, should be transported to a hospital for evaluation, monitoring and treatment.

In addition to the recommendations on drowning resuscitation, the guideline update also highlights the Drowning Chain of Survival, which includes the steps needed to improve chances of survival: prevention, recognition and safe rescue.

Prevention

It has been estimated that more than 90% of all drownings are preventable. Research has found most infants drown in bathtubs, and the majority of preschool-aged children drown in swimming pools. The American Heart Association and the American Academy of Pediatrics recommend being water aware and practicing water safety. A full review of prevention is outside the scope of this guideline, however, the topic is addressed in the American Academy of Pediatrics 2021 technical report, Prevention of Drowning, and in guidelines from the World Health Organization and the Wilderness Medical Society.

Recognition

Recognition of drowning may be challenging because someone who is drowning may not be able to verbalize distress or signal for help. Drowning happens quickly. People in distress will rapidly submerge, lose consciousness and may be hidden from anyone not actively seeking them.




Safe Rescue and Removal

The guideline update recommends that appropriately trained rescuers, such as lifeguards, swim instructors or first responders, should provide in-water rescue breathing to an unresponsive person who has drowned if it does not compromise their own safety. Previous studies have proven this leads to more favorable survival outcomes. A drowning person who is unconscious and likely in cardiac arrest should be removed from the water in a near-horizontal position, with the head maintained above body level and airway open. If the drowning individual is conscious, a more vertical position may be preferable to reduce the risk of vomiting.

In summary, "These updated guidelines are based on the latest available evidence and are designed to inform trained rescuers and the public how to proceed in resuscitating people who have drowned. Drowning can be fatal. Our recommendations maximize balancing the need for rapid rescue and resuscitation, while prioritizing rescuer safety," Dezfulian said.

The American Heart Association urges all individuals to enroll in CPR training programs available through its online platform or local community centers. CPR education and training is offered for health care professionals, first responders, individuals, schools and communities. Provision of good rescue breathing requires hands on practice using a manikin or other simulation training.

This joint focused update was prepared by the volunteer writing group on behalf of the American Heart Association and the American Academy of Pediatrics. These updates to current clinical guidelines were developed with input from experts in drowning, pediatrics, adult and pediatric critical care, anesthesiology, emergency medicine, EMS and related fields. It is based on seven systematic reviews completed by the International Liaison Committee on Resuscitation Basic Life Support Task Force, used to generate updated treatment recommendations and good practice statements. This guideline update supersedes the American Heart Association's prior recommendations for drowning issued in 2020 and serves as a complement to the American Academy of Pediatrics 2021 Prevention of Drowning technical report and the related 2019 Prevention of Drowning policy statement. All other recommendations and algorithms published in the 2020 American Heart Association Guidelines for CPR and Emergency Cardiovascular Care remain the official clinical recommendations for resuscitation outside the special circumstance of drowning.
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Lab-grown human immune system uncovers weakened response in cancer patients | ScienceDaily
To better understand why some cancer patients struggle to fight off infections, Georgia Tech researchers have created tiny lab-grown models of human immune systems.


						
These miniature models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

"Our synthetic hydrogels create a breakthrough environment for human immune organoids, allowing us to model antibody production from scratch, more precisely, and for a longer duration," said Ankur Singh, Carl Ring Family Professor in the George W. Woodruff School of Mechanical Engineering and professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory.

"For the first time, we can recreate and sustain complex immunological processes in a synthetic gel, using blood, and effectively track B cell responses," he added. "This is a gamechanger for understanding and treating immune vulnerabilities in patients with lymphoma who have undergone cancer treatment -- and hopefully other disorders too."

Led by Singh, the team created lab-grown immune systems that mimic human tonsils and lymph node tissue to study immune responses more accurately. Their research findings, published in the journal Nature Materials, mark a shift toward in vitro models that more closely represent human immunology. The team also included investigators from Emory University, Children's Hospital of Atlanta, and Vanderbilt University.

Designing a Tiny Immune System Model

The researchers were inspired to address a critical issue in biomedical science: the poor success rate of translating preclinical findings from animal models into effective clinical outcomes, especially in the context of immunity, infection, and vaccine responses.




"While animal models are valuable for many types of research, they often fail to accurately mirror realistic human immune biology, disease mechanisms, and treatment responses," said Monica (Zhe) Zhong, a Bioengineering Ph.D. student and the paper's first author. "To address this, we designed a new model that faithfully replicates the unique complexity of human immune biology across molecular, cellular, tissue, and system levels."

The team used synthetic hydrogels to recreate a microenvironment where B cells from human blood and tonsils can mature and produce antibodies. When immune cells from healthy donors or lymphoma patients are cultured in these gel-like environments, the organoids support longer cell function, allowing processes like antibody formation and adaptation to occur -- similar to the human body. Utilizing the organoids for individual patients helps predict how that individual will respond to infection.

The models also enable researchers to control and test immune responses under various conditions. The team discovered that not all tissue sources are the same, and tonsil cells struggled with longevity issues. They used a specialized setup to study how healthy immune cells react to signals that help them fight infections, which failed to trigger the same response in cells from lymphoma survivors who seemingly have recovered from immunotherapy treatment.

Using organoids embedded in a novel immune organ-on-chip technology, the team observed that immune cells from lymphoma survivors treated with certain immunotherapies do not organize themselves into specific "zones," the way they normally would in a strong immune response. This lack of organization may help explain some immune challenges cancer survivors face, as evidenced by recent clinical findings.

A Game-Changing Technology

This research is primarily of interest to infectious disease researchers, cancer researchers, immunologists, and healthcare professionals dedicated to improving patient outcomes. By studying these miniature immune systems, they can identify why current treatments may not be effective and explore new strategies to enhance immune defenses.




"Lymphoma patients treated with CD20-targeted therapies often face increased susceptibility to infections that can persist years after completing therapy.Understanding these long-term impacts on antibody responses could be key to improving both safety and quality of life for lymphoma survivors," said Dr. Jean Koff, associate professor in the department of Hematology and Oncology at Emory University's Winship Cancer Institute and a co-author on the paper.

"This technology provides deeper biological insights and an innovative way to monitor for recovery of immunological defects over time. It could help clinicians better identify patients who would benefit from specific interventions that reduce infection risk," Koff added.

Another critical and promising aspect of the research is its scalability: An individual researcher can make hundreds of organoids in a single sitting. The model's capability to target different populations -- both healthy and immunosuppressed patients -- vastly increases its usability for vaccine and therapeutic testing.

According to Singh, who directs the Center for Immunoengineering at Georgia Tech, the team is already pushing the research into new dimensions, including developing cellular therapies and an aged immune system model to address aging-related questions.

"At the end of the day, this work most immediately affects cancer patients and survivors, who often struggle with weakened immune responses and may not respond well to standard treatments like vaccines," Singh explained. "This breakthrough could lead to new ways of boosting immune defenses, ultimately helping vulnerable patients stay healthier and recover more fully."

The work was initially funded by the Wellcome Leap HOPE program. This support has led to a boost in recent funding, including a recent $7.5M grant from the National Institute of Allergy and Infectious Diseases.
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A formula for life? New model calculates chances of intelligent beings in our Universe and beyond | ScienceDaily
The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation.


						
This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilisations in our Milky Way galaxy.

More than 60 years on, astrophysicists led by Durham University have produced a different model which instead focuses on the conditions created by the acceleration of the Universe's expansion and the amount of stars formed.

It is thought this expansion is being driven by a mysterious force called dark energy that makes up more than two thirds of the Universe.

What is the calculation?

Since stars are a precondition for the emergence of life as we know it, the model could therefore be used to estimate the probability of generating intelligent life in our Universe, and in a multiverse scenario of hypothetical different universes.

The new research does not attempt to calculate the absolute number of observers (i.e. intelligent life) in the universe but instead considers the relative probability of a randomly chosen observer inhabiting a universe with particular properties.




It concludes that a typical observer would expect to experience a substantially larger density of dark energy than is seen in our own Universe -- suggesting the ingredients it possesses make it a rare and unusual case in the multiverse.

The approach presented in the paper involves calculating the fraction of ordinary matter converted into stars over the entire history of the Universe, for different dark energy densities.

The model predicts this fraction would be approximately 27 per cent in a universe that is most efficient at forming stars, compared to 23 per cent in our own Universe.

This means we don't live in the hypothetical universe with the highest odds of forming intelligent life forms. Or in other words, the value of dark energy density we observe in our Universe is not the one that would maximise the chances of life, according to the model.

Dark energy's impact on our existence

Lead researcher Dr Daniele Sorini, of Durham University's Institute for Computational Cosmology, said: "Understanding dark energy and the impact on our Universe is one of the biggest challenges in cosmology and fundamental physics.




"The parameters that govern our Universe, including the density of dark energy, could explain our own existence.

"Surprisingly, though, we found that even a significantly higher dark energy density would still be compatible with life, suggesting we may not live in the most likely of universes."

The new model could allow scientists to understand the effects of differing densities of dark energy on the formation of structures in the Universe and the conditions for life to develop in the cosmos.

Dark energy makes the Universe expand faster, balancing gravity's pull and creating a universe where both expansion and structure formation are possible.

However, for life to develop, there would need to be regions where matter can clump together to form stars and planets, and it would need to remain stable for billions of years to allow life to evolve.

Crucially, the research suggests that the astrophysics of star formation and the evolution of the large-scale structure of the Universe combine in a subtle way to determine the optimal value of the dark energy density needed for the generation of intelligent life.

Professor Lucas Lombriser, Universite de Geneve and co-author of the study, added: "It will be exciting to employ the model to explore the emergence of life across different universes and see whether some fundamental questions we ask ourselves about our own Universe must be reinterpreted."

Drake Equation explained

Dr Drake's equation was more of a guide for scientists on how to go about searching for life, rather than an estimating tool or serious attempt to determine an accurate result.

Its parameters included the rate of yearly star formation in the Milky Way, the fraction of stars with planets orbiting them and the number of worlds that could potentially support life.

By comparison, the new model connects the rate of yearly star formation in the Universe with its fundamental ingredients, such as the aforementioned dark energy density.

The study was funded by the European Research Council and also involved scientists at the University of Edinburgh and the Universite de Geneve.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241112190905.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Experts urge complex systems approach to assess artificial intelligence risks | ScienceDaily
With artificial intelligence increasingly permeating every aspect of our lives, experts are becoming more and more concerned about its dangers. In some cases, the risks are pressing, in others they won't emerge until many months or even years from now. Scientists point out in The Royal Society's journal that a coherent approach to understanding these threats is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between A.I. and society.


						
"Understanding the risks of A.I. requires recognizing the intricate interplay between technology and society. It's about navigating the complex, co-evolving systems that shape our decisions and behaviors," says Fariba Karimi, co-author of the article. Karimi leads the research team on Algorithmic Fairness at the Complexity Science Hub (CSH) and is professor of Social Data Science at TU Graz.

"We should not only discuss what technologies to deploy and how, but also how to adapt the social context to capitalize on positive possibilities. A.I. possibilities and risks should likely be taken into account in debates about, for instance, economic policy," adds CSH scientist Daniel Kondor, first author of the study.

Broader and Long-Term Risks

Current risk assessment frameworks often focus on immediate, specific harms, such as bias and safety concerns, according to the authors of the article published in Philosophical Transactions A. "These frameworks often overlook broader, long-term systemic risks that could emerge from the widespread deployment of A.I. technologies and their interaction with the social context they are used," says Kondor.

"In this paper, we tried to balance the short-term perspectives on algorithms with long-term views of how these technologies affect society. It's about making sense of both the immediate and systemic consequences of A.I.," adds Kondor.

What Happens in Real Life

As a case study to illustrate the potential risks of A.I. technologies, the scientists discuss how a predictive algorithm was used during the Covid-19 pandemic in the UK for school exams. The new solution was "presumed to be more objective and thus fairer [than asking teachers to predict their students' performance], relying on a statistical analysis of students' performance in previous years," according to the study.




However, when the algorithm was put into practice, several issues emerged. "Once the grading algorithm was applied, inequities became glaringly obvious," observes Valerie Hafez, an independent researcher and study co-author. "Pupils from disadvantaged communities bore the brunt of the futile effort to counter grading inflation, but even overall, 40% of students received lower marks than they would have reasonably expected."

Hafez reports that many responses in the consultation report indicate that the risk perceived as significant by teachers -- the long-term effect of grading lower than deserved -- was different from the risk perceived by the designers of the algorithm. The latter were concerned about grade inflation, the resulting pressure on higher education, and a lack of trust in students' actual abilities.

The Scale and the Scope

This case demonstrates several important issues that arise when deploying large-scale algorithmic solutions, emphasize the scientists. "One thing we believe one should be attentive to is the scale -- and scope -- because algorithms scale: they travel well from one context to the next, even though these contexts may be vastly different. The original context of creation does not simply disappear, rather it is superimposed on all these other contexts," explains Hafez.

"Long-term risks are not the linear combination of short-term risks. They can escalate exponentially over time. However, with computational models and simulations, we can provide practical insights to better assess these dynamic risks," adds Karimi.

Computational Models -- and Public Participation

This is one of the directions proposed by the scientists for understanding and evaluating risk associated with A.I. technologies, both in the short- and long-term. "Computational models -- like those assessing the effect of A.I. on minority representation in social networks -- can demonstrate how biases in A.I. systems lead to feedback loops that reinforce societal inequalities," explains Kondor. Such models can be used to simulate potential risks, offering insights that are difficult to glean from traditional assessment methods.




In addition, the study's authors emphasize the importance of involving laypeople and experts from various fields in the risk assessment process. Competency groups -- small, heterogeneous teams that bring together varied perspectives -- can be a key tool for fostering democratic participation and ensuring that risk assessments are informed by those most affected by AI technologies.

"A more general issue is the promotion of social resilience, which will help A.I.-related debates and decision-making function better and avoid pitfalls. In turn, social resilience may depend on many questions unrelated (or at least not directly related) to artificial intelligence," ponders Kondor. Increasing participatory forms of decision-making can be one important component of raising resilience.

"I think that once you begin to see A.I. systems as sociotechnical, you cannot separate the people affected by the A.I. systems from the 'technical' aspects. Separating them from the A.I. system takes away their possibility to shape the infrastructures of classification imposed on them, denying affected persons the power to share in creating worlds attenuated to their needs," says Hafez, who's an A.I. policy officer at the Austrian Federal Chancellery.

About the Study

The study "Complex systems perspective in assessing risks in A.I.," by Daniel Kondor, Valerie Hafez, Sudhang Shankar, Rania Wazir, and Fariba Karimi was published in Philosophical Transactions A and is available online.
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Time alone heightens 'threat alert' in teenagers -- even when connecting on social media | ScienceDaily
People in their late teens experience an increased sensitivity to threats after just a few hours left in a room on their own -- an effect that endures even if they are interacting online with friends and family.


						
This is according to latest findings from a cognitive neuroscience experiment conducted at the University of Cambridge, which saw 40 young people aged 16-19 undergo testing before and after several hours alone -- both with and without their smartphones.

Many countries have declared an epidemic of loneliness*. The researchers set out to "induce" loneliness in teenagers and study the effects through a series of tests, from a Pavlovian task to electrodes that measure sweat.

Scientists found that periods of isolation, including those in which participants could use their phones, led to an increased threat response -- the sensing of and reacting to potential dangers. This alertness can cause people to feel anxious and uneasy.

The authors of the study say that isolation and loneliness might lead to excessive "threat vigilance," even when plugged in online, which could negatively impact adolescent mental health over time.

They say it could contribute to the persistent and exaggerated fear responses typical of anxiety disorders on the rise among young people around the world.

While previous studies show isolation leads to anxious behaviour and threat responses in rodents, this is believed to be the first study to demonstrate these effects through experiments involving humans.




The findings are published today in the journal Royal Society Open Science.

"We detected signs of heightened threat vigilance after a few hours of isolation, even when the adolescents had been connected through smartphones and social media," said Emily Towner, study lead author from Cambridge's Department of Psychology.

"This alertness to perceived threats might be the same mechanism that leads to the excessive worry and inability to feel safe which characterises anxiety," said Towner, a Gates Cambridge Scholar.

"It makes evolutionary sense that being alone increases our vigilance to potential threats. These threat response mechanisms undergo a lot of changes in adolescence, a stage of life marked by increasing independence and social sensitivity."

"Our experiment suggests that periods of isolation in adolescents might increase their vulnerability to the development of anxiety, even when they are connected virtually."

Researchers recruited young people from the local area in Cambridge, UK, conducting extensive screening to create a pool of 18 boys and 22 girls who had good social connections and no history of mental health issues.




Participants were given initial tests and questionnaires to establish a "baseline." These included the Pavlovian threat test, in which they were shown a series of shapes on a screen, one of which was paired with a harsh noise played through headphones, so the shape became associated with a feeling of apprehension.

Electrodes attached to fingers monitored "electrodermal activity" -- a physiological marker of stress -- throughout this test.**

Each participant returned for two separate stints of around four hours isolated in a room in Cambridge University's Psychology Department, after which the tests were completed again. There was around a month, on average, between sessions.

All participants underwent two isolation sessions. One was spent with a few puzzles to pass the time, but no connection to the outside world. For the other, participants were allowed smartphones and given wi-fi codes, as well as music and novels. The only major rule in both sessions was they had to stay awake.***

"We set out to replicate behaviour in humans that previous animal studies had found after isolation," said Towner. "We wanted to know about the experience of loneliness, and you can't ask animals how lonely they feel."

Self-reported loneliness increased from baseline after both sessions. It was lower on average after isolation with social media, compared to full isolation.****

However, participants found the threat cue -- the shape paired with a jarring sound -- more anxiety-inducing and unpleasant after both isolation sessions, with electrodes also measuring elevated stress activity.

On average across the study, threat responses were 70% higher after the isolation sessions compared to the baseline, regardless of whether participants had been interacting digitally.

"Although virtual social interactions helped our participants feel less lonely compared to total isolation, their heightened threat response remained," said Towner.

Previous studies have found a link between chronic loneliness and alertness to threats. The latest findings support the idea that social isolation may directly contribute to heightened fear responses, say researchers.

Dr Livia Tomova, co-senior author and lecturer in Psychology at Cardiff University, who conducted the work while at Cambridge, added: "Loneliness among adolescents around the world has nearly doubled in recent years. The need for social interaction is especially intense during adolescence, but it is not clear whether online socialising can fulfil this need.

"This study has shown that digital interactions might not mitigate some of the deep-rooted effects that isolation appears to have on teenagers."

Notes:

*For example, in 2023 the U.S. Surgeon General declared an epidemic of loneliness and isolation.

**Electrodes placed on the fingers record small deflections in sweat and subsequent changes in electrical conductivity of the skin (electrodermal activity). Electrodermal activity is used to detect stress levels and increases with emotional or physical arousal.

***The baseline tests were always taken first. The order of the two isolation sessions was randomly allocated. For sessions with digital interactions allowed, most participants used social media (35 out of 40), with texting being the most common form of interaction (37 out of 40). Other popular platforms included Snapchat, Instagram, and WhatsApp. Participants mainly connected virtually with friends (38), followed by family (19), romantic partners (13), and acquaintances (4).

**** Average self-reported loneliness more than doubled after the isolation session with social media compared to baseline and nearly tripled after the complete isolation session compared to baseline.
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Immunotherapy drug pembrolizumab improves outcomes for patients with soft tissue sarcoma | ScienceDaily
Addition of the immunotherapy drug pembrolizumab to standard of care for patients with advanced soft tissue sarcoma of the limb significantly improved disease-free survival, according to the results of the SU2C-SARC032 clinical trial led by researchers from the University of Pittsburgh, UPMC, Duke University and Princess Margaret Cancer Centre, University Health Network.


						
The findings, published today in The Lancet, establish pembrolizumab as a new option for patients with this disease.

"Soft tissue sarcoma is a rare and complex disease with over 50 different subtypes, which makes it hard to study in large clinical trials," said lead author Yvonne Mowery, M.D., Ph.D., associate professor of radiation oncology at Pitt and UPMC Hillman Cancer Center. "Since we haven't made much progress in treating these patients for decades, it's really exciting that this trial shows pembrolizumab can improve outcomes beyond current standard of care for patients with locally advanced disease."

Senior author David Kirsch, M.D., Ph.D., leader of the Stand Up To Cancer(r) (SU2C) Catalyst Research Team, which ran the clinical trial, and head of the Radiation Medicine Program at Princess Margaret Cancer Centre at the University Health Network in Toronto, Canada, added: "This clinical trial is a major advance for patients with the kinds of sarcoma that were included in our study. We found that immunotherapy can improve outcomes for patients with the most aggressive form of the disease, suggesting that further optimization of immunotherapy may lead to even greater gains for our patients."

Soft tissue sarcoma of the extremity is a group of tumors that originate in the muscles, tendons, fat, blood vessels or nerves of the legs and arms. About half of patients with large, high-grade sarcomas develop incurable metastases, so intervention before signs of metastatic disease is essential, according to Mowery.

"We typically treat patients with a combination of surgery and radiation therapy," she said. "Some patients also receive chemotherapy, but the data are mixed on its effectiveness and it's also very toxic, so we were interested in seeing whether immunotherapy could improve outcomes for patients."

Across 20 institutions in the U.S., Canada, Australia and Italy, the researchers enrolled patients with stage 3, grade 2 or 3 soft tissue sarcoma of the extremities, including two subtypes -- undifferentiated pleomorphic sarcoma and dedifferentiated/pleomorphic liposarcoma.




Patients in the control group received standard of care, which included preoperative radiotherapy and surgery, while those in the experimental group received both preoperative and postoperative infusions of pembrolizumab, in addition to standard of care.

In a total of 127 patients, the two-year disease-free survival rate was 52% for the control group and 67% for the experimental group, indicating that the addition of pembrolizumab reduced recurrence or death for patients.

As expected, serious adverse events were more frequent in the experimental group (56%) compared with the control group (31%), but there were no deaths related to treatment in either group. Importantly, these findings suggest that pembrolizumab may be a less toxic treatment option than chemotherapy.

While the researchers say it's too early to say whether the addition of pembrolizumab improves overall survival, they will continue to monitor these patients to help answer that question.

"Based on our finding that pembrolizumab significantly improved disease-free survival, we hope that more clinicians will start incorporating immunotherapy into their practice for these patients," said Mowery. "Given that there are such limited effective options for patients with metastatic disease, our hope is that reducing the number of patients who develop metastases will ultimately lead to improvements in overall survival."

Additional authors on the study are listed in the manuscript.

The SU2C-SARC032 clinical trial was sponsored by SARC (Sarcoma Alliance for Research Through Collaboration). The trial was funded by by a SU2C Catalyst(r) grant and was supported by Merck's (known as MSD outside the United States and Canada) Investigator Studies Program with the provision of study drug and financial support. Additional funding was provided by ANZSA (Australia and New Zealand Sarcoma Association), Cancer Australia, the GPA Andrew Ursini Charitable Fund and the National Cancer Institute (P30CA046592).
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.
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Novel calculator predicts risk of epilepsy after rare stroke | ScienceDaily
A practical calculator that predicts the risk of epilepsy after venous stroke is presented in a study from the University of Gothenburg and others. The aim is to improve care for those affected, which are predominantly young adults.


						
A blood clot in the cerebral venous system (cerebral venous thrombosis) is a rare but important cause of stroke. In Sweden, around 150 individuals are affected each year, typically affecting women between the ages of 20 and 50. One in three patients experiences a seizure during the acute phase. Predicting who is at high or low risk of recurrent seizures, epilepsy, is complicated.

In an international collaboration between fifteen centers across three continents, researchers from Sahlgrenska Academy at the University of Gothenburg and Sahlgrenska University Hospital have developed a practical calculator that quickly calculates the risk of developing epilepsy at the onset of the disease. The results of the multi-center study are now presented in JAMA Neurology and the tool is made freely available.

Important to predict the aftermath

First author of the study is Erik Lindgren Bogdanoff, researcher at the Section of Clinical Neurosciences, Sahlgrenska Academy at the University of Gothenburg, and Resident Physician in Neurology at Sahlgrenska University Hospital.

"The calculator predicts the risk of epilepsy based on factors that are already available in clinical routine when the person is hospitalized, there is therefore no need for additional tests or investigations," he says, and he continues:

"For those affected by sinus thrombosis, it is very important to know what the aftermath looks like. Priorly, we have not able to predict what patients have the highest risk of developing epilepsy after cerebral venous thrombosis." With a high predicted risk of future seizures, preventive medication can be considered in consultation between doctor and patient.




Erik Lindgren Bogdanoff emphasizes that although epilepsy could have negative impact on the quality of life, most people with epilepsy are able to pursue their life normally even with diagnosis of epilepsy. However, without the proper treatment, seizures can be so severe that they require hospitalization. It is hoped that the calculator can be used by physicians worldwide to support treatment decisions or inform patients about risks, and can be used in future studies on preventive treatment with medicine.

Can improve care for young people 

The study is based on registry data from the International Cerebral Venous Thrombosis Consortium (ICVTC) and the results have since been confirmed in two additional independent registries: the US ACTION-CVT and the Israeli CVT Study. In total, data from over 2,000 individuals have been analyzed.

"The involvement of research participants, together with extensive international collaboration, has been a prerequisite for obtaining sufficient data and conducting studies despite being a rare disease, which provide results that can be translated into clinical practice. Although the disease itself is relatively rare, it is important to improve care for those affected. The results are a step towards more person-centered care for young people affected by stroke," says Erik Lindgren Bogdanoff.
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Giving robots superhuman vision using radio signals | ScienceDaily
In the race to develop robust perception systems for robots, one persistent challenge has been operating in bad weather and harsh conditions. For example, traditional, light-based vision sensors such as cameras or LiDAR (Light Detection And Ranging) fail in heavy smoke and fog.


						
However, nature has shown that vision doesn't have to be constrained by light's limitations -- many organisms have evolved ways to perceive their environment without relying on light. Bats navigate using the echoes of sound waves, while sharks hunt by sensing electrical fields from their prey's movements.

Radio waves, whose wavelengths are orders of magnitude longer than light waves, can better penetrate smoke and fog, and can even see through certain materials -- all capabilities beyond human vision. Yet robots have traditionally relied on a limited toolbox: they either use cameras and LiDAR, which provide detailed images but fail in challenging conditions, or traditional radar, which can see through walls and other occlusions but produces crude, low-resolution images.

Now, researchers from the University of Pennsylvania School of Engineering and Applied Science (Penn Engineering) have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

"Our initial question was whether we could combine the best of both sensing modalities," says Mingmin Zhao, Assistant Professor in Computer and Information Science. "The robustness of radio signals, which is resilient to fog and other challenging conditions, and the high resolution of visual sensors."

In a paper to be presented at the 2024 International Conference on Mobile Computing and Networking (MobiCom), Zhao and his team from the Wireless, Audio, Vision, and Electronics for Sensing (WAVES) Lab and the Penn Research In Embedded Computing and Integrated Systems Engineering (PRECISE) Center, including doctoral student Haowen Lai, recent master's graduate Gaoxiang Luo and undergraduate research assistant Yifei (Freddy) Liu, describe how PanoRadar leverages radio waves and artificial intelligence (AI) to let robots navigate even the most challenging environments, like smoke-filled buildings or foggy roads.

PanoRadar is a sensor that operates like a lighthouse that sweeps its beam in a circle to scan the entire horizon. The system consists of a rotating vertical array of antennas that scans its surroundings. As they rotate, these antennas send out radio waves and listen for their reflections from the environment, much like how a lighthouse's beam reveals the presence of ships and coastal features.




Thanks to the power of AI, PanoRadar goes beyond this simple scanning strategy. Unlike a lighthouse that simply illuminates different areas as it rotates, PanoRadar cleverly combines measurements from all rotation angles to enhance its imaging resolution. While the sensor itself is only a fraction of the cost of typically expensive LiDAR systems, this rotation strategy creates a dense array of virtual measurement points, which allows PanoRadar to achieve imaging resolution comparable to LiDAR. "The key innovation is in how we process these radio wave measurements," explains Zhao. "Our signal processing and machine learning algorithms are able to extract rich 3D information from the environment."

One of the biggest challenges Zhao's team faced was developing algorithms to maintain high-resolution imaging while the robot moves. "To achieve LiDAR-comparable resolution with radio signals, we needed to combine measurements from many different positions with sub-millimeter accuracy," explains Lai, the lead author of the paper. "This becomes particularly challenging when the robot is moving, as even small motion errors can significantly impact the imaging quality."

Another challenge the team tackled was teaching their system to understand what it sees. "Indoor environments have consistent patterns and geometries," says Luo. "We leveraged these patterns to help our AI system interpret the radar signals, similar to how humans learn to make sense of what they see." During the training process, the machine learning model relied on LiDAR data to check its understanding against reality and was able to continue to improve itself.

"Our field tests across different buildings showed how radio sensing can excel where traditional sensors struggle," says Liu. "The system maintains precise tracking through smoke and can even map spaces with glass walls." This is because radio waves aren't easily blocked by airborne particles, and the system can even "capture" things that LiDAR can't, like glass surfaces. PanoRadar's high resolution also means it can accurately detect people, a critical feature for applications like autonomous vehicles and rescue missions in hazardous environments.

Looking ahead, the team plans to explore how PanoRadar could work alongside other sensing technologies like cameras and LiDAR, creating more robust, multi-modal perception systems for robots. The team is also expanding their tests to include various robotic platforms and autonomous vehicles. "For high-stakes tasks, having multiple ways of sensing the environment is crucial," says Zhao. "Each sensor has its strengths and weaknesses, and by combining them intelligently, we can create robots that are better equipped to handle real-world challenges."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by a faculty startup fund.
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Facing the wind: How trees behave across various forest settings and weather events | ScienceDaily
Destructive winds during storms and cyclones often cause tree failures, especially through uprooting and stem breakage. However, how trees respond to wind under various forest configurations and weather conditions remains unclear. A recent study on Cryptomeria japonica plots shows that trees dissipate wind energy by switching between two swaying behaviors at specific wind speeds, offering insights that may help in improved forest management to minimize damage caused by storms.


						
Extreme weather events, such as tropical and extratropical cyclones and tornadoes, can cause widespread damage to forests, leading to environmental and financial losses. When trees fall during these storms, ecosystems might be disrupted, increasing forest management costs. As climate change worsens, severe storms are expected to become more frequent, making it crucial to understand how forests respond to wind stress.

Grasping the mechanisms behind tree failure is key to developing strategies for mitigation. While previous studies have explored how trees react to wind, it is unclear whether these responses remain consistent across different forest configurations -- characterized by tree spacing and density -- and weather conditions.

In this vein, a team of researchers led by Associate Professor Kana Kamimura from the School of Science and Technology at Shinshu University, Japan, investigated tree movements under various forest configurations and weather conditions, including how trees resist winds. The research team included Kazuki Nanko, Asako Matsumoto, and Saneyoshi Ueno from the Forestry and Forest Products Research Institute, Japan, and Barry Gardiner from the University of Freiburg, Germany, and the Institut Europeen de la Foret Cultivee, France. This paper was made available online on August 27, 2024, and was published on November 1, 2024, in Volume 571 of Forest Ecology and Management.

Explaining their motivation behind the study, Prof. Kamimura says, "Several techniques have been developed to predict wind damage. However, they largely depend on empirical data and parameters, and overlook how wind damage occurs. Our research aims to shed light on how winds directly impact trees and how trees reduce the stress from winds to survive."

To achieve this, researchers set up two experimental plots of Cryptomeria japonica trees, commonly known as the Japanese cedar, in November 2017 in the experimental forests operated by the Forestry and Forest Products Research Institute, Kasumigaura City, Japan. In the first plot, P-100 consisted of 3,000 trees per hectare, creating a dense forest. In the second plot, P-50, half of the trees were removed for this research, leaving 1,500 trees per hectare to mimic thinning practices. Over two years, the team monitored 24 trees in the dense plot and 12 in the thinned plot, using trunk-mounted sensors to track tree sway during various wind conditions. The monitoring period included multiple typhoons, such as Typhoon Trami, in 2018, which caused significant damage to the thinned plot.

The researchers found that cedar trees exhibit two distinct swaying patterns depending on wind speed. In light winds, the trees swayed at around 2 to 2.3 cycles per second, with their branches absorbing much of the wind energy, protecting the trunks and roots from wind stress. However, at higher wind speeds, the trees shifted to a slower swaying pattern of 0.2 to 0.5 cycles per second. In this phase, the whole tree swayed together, transferring force across the trunk and roots, increasing the probability of breakage or uprooting.




Interestingly, the transition between these two swaying modes occurred at different wind speeds, depending on the forest density. In the dense plot, the trees switched patterns at wind speeds between 1.79 and 7.44 meters per second. In contrast, in the thinned plot, the transition occurred at slightly lower wind speeds, ranging from 1.57 to 5.63 meters per second.

Using an uprooted tree as a reference, researchers assessed the resistance to damage in the thinned P-50 over a 10-minute period during Typhoon Trami. They found that the actual resistance was only 48% of the expected resistance estimated through controlled tree-pulling experiments.

Prof. Kamimura elaborates, "The 52% difference between actual and expected resistance values was likely due to the roots weakening because of strong winds, even before the winds became more severe. This root fatigue occurred because the trees moved more due to less support from nearby trees and more wind penetrating the plot." This also explains why the trees in the dense P-100 were not damaged during Typhoon Trami.

This study offers valuable insights for balancing thinning with wind resistance in forest management to support sustainable forestry practices, and help forests withstand extreme climate changes. While thinning promotes tree growth, it can also make forests more vulnerable to storms, especially soon after thinning. Prof. Kamimura concludes, "With more frequent storms in a changing climate, forest management practices must adapt to maintain resilience."
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More than one third of Vietnam's mammal species are at risk of extinction, study finds | ScienceDaily
A recent study highlights that over one-third of Vietnam's 329 mammal species are threatened with extinction. Conducted by German scientist Hanna Hoffner of the University of Cologne and Cologne Zoo, alongside an international team, the research underscores Vietnam's vital but fragile position as a biodiversity hub within the Indo-Burma Biodiversity Hotspot.


						
Published in the open-access journal Nature Conservation, the study reveals that 112 mammal species in Vietnam face extinction, despite most being found in at least one protected area. Some micro-endemic species, such as Murina harpioloides, are particularly vulnerable as they are not present in any protected sites.

Around 40% of the threatened species lack ex situ conservation (zoo conservation breeding) programs, increasing their risk of extinction. Iconic species like the saola (Pseudoryx vuquangensis), the silver-backed chevrotain (Tragulus versicolor), and the large-antlered muntjac (Muntiacus vuquangensis) are among the Critically Endangered taxa at risk.

The study advocates for the IUCN's "One Plan Approach" to species conservation, which calls for combining different expertise and integrated in situ and ex situ management strategies. Establishing assurance colonies in zoos and increasing connectivity between isolated protected areas are critical recommendations for safeguarding Vietnam's unique mammal diversity.

By building up ex situ populations for threatened taxa, zoos can help to literally "buy time" and act as modern arks that can contribute with later releases according to the IUCN's "Reverse the Red" conservation campaign. Ex situ species holding data by Species360 are now also integrated in the IUCN Red List species' chapters (a "One Plan" approach to species data).

Vietnam is home to a rich array of mammals, including 36 endemic species and nine micro-endemic taxa. Its primate fauna is particularly noteworthy, with 28 species, the highest number in mainland Southeast Asia. This includes the endemic tonkin snub-nosed monkey (Rhinopithecus avunculus) and Delacour's langur (Trachypithecus delacouri).

Northern Vietnam and the Annamite Mountain Range are biodiversity hotspots, hosting species such as the Critically Endangered Cao-vit gibbon (Nomascus nasutus), the southern white-cheeked gibbon (Nomascus siki) and the red-shanked douc (Pygathrix nemaeus).

The study calls for prioritising the "One Plan Approach" to conservation of highly threatened species, reassessing Data Deficient species, and enhancing habitat connectivity. The conservation campaign VIETNAMAZING by EAZA (European Association of Zoos and Aquaria) currently highlights Vietnam's biodiversity treasure and advocates for improved conservation of threatened mammal species.
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In unity towards complex structures | ScienceDaily
When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers at the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.


						
Filamentous cyanobacteria aggregate in areas with favorable light conditions and use the light energy for photosynthesis. Typically, these microorganisms form long filaments consisting of many cells. However, the thread-like structures can only move forward or backward -- when leaving the illuminated area, they reverse their movement and thus remain in the light. Scientists at MPI-DS have investigated the resulting organizational structures. It was found that only the mutual interaction of several filaments causes the cyanobacteria to align themselves along the inner edge of the illuminated surface, thereby forming stable structures.

To do this, the researchers prepared and illuminated several cultures of cyanobacteria in Petri dishes. Using slides, they created different light patterns and subsequently observed the self-organization of the bacteria. With a circular light pattern, the bacteria mainly gathered at the edge of the illuminated area. Likewise, when the illuminated area was triangular, trapezoidal or otherwise shaped, characteristic patterns of filaments near the edge of the light emerged. "The remarkable thing is that the bacteria also arrange themselves along complex structures and curves, although they can only move back and forth," says Stefan Karpitschka, group leader at MPI-DS and professor at the University of Konstanz. "This is a typical example of emergence -- a characteristic overall structure arises independently at a higher level from the individual behavior of a single filament," he continues.

The insights gained from the scientists' experiments and the resulting model can also be applied to living matter with comparable morphology. "The model does not include any specific details regarding the biology of the bacteria," says Leila Abbaspour, joint first author of the study together with Maximilian Kurjahn. "This collective effect can thus also be observed in similar systems and enable active filaments to structure themselves according to sensory cues from their environment despite one-dimensional motility," Kurjahn continues.

The results of this study therefore provide important insights that may be used in the design of so-called smart textiles or materials, for example. These novel structures and tissues are also based on the arrangement of individual fibers and active filaments. Such mechanisms of self-assembly may thus enable the development of new innovative materials.
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Glioblastoma: New treatment attacks brain tumors from multiple angles | ScienceDaily
Glioblastoma is the most common kind of malignant brain tumor in adults. So far, no treatment has been able to make this aggressive tumor permanently disappear. The tumor cells are too varied, and the microenvironment is too tumor-friendly. Researchers at the University of Basel and University Hospital Basel have now developed an immunotherapy that not only attacks the tumor -- it also turns its microenvironment against it.


						
For some years now, CAR T-cells have been bringing new momentum to immunotherapies against cancer. How it works: experts take the patient's T-cells and reprogram them in the lab so that they can recognize structures on cancer cells with the help of a receptor called chimeric antigen receptor (CAR). Once back in the body, the T-cells hunt down and eradicate the cancer cells. This method has already been very successful in some forms of leukemia.

But solid tumors and especially brain tumors present obstacles to the success of CAR T-cells. First, it's difficult for the cancer hunters to get inside a tumor. Second, not all the cancer cells necessarily have the structure the T-cells can recognize and attack. And third, solid tumors in human tissue have a microenvironment that fends off immune system attacks. "Especially in the brain, where T-cells aren't normally found, the environment is really hostile to them," explains Professor Gregor Hutter of the University of Basel and the University Hospital Basel.

Tenacious tumors

Hutter and his team are searching for ways to fight glioblastoma. These brain tumors are unfortunately tenacious, usually returning even after operation and treatment. However, the time gained by an operation could be used to reprogram the patient's own T-cells into CAR T-cells in the lab. Injecting these directly into the regrowing tumor avoids the obstacle of the CAR T-cells not being able to get to the cancer. Once inside, the T-cells attack all cancer cells that carry the recognized structure.

From pro- to anti-tumor

The CAR T-cells developed by Hutter's team have an extra feature aimed at altering the microenvironment. The researchers also give the therapeutic T-cells a blueprint for a molecule. This molecule blocks the signals the tumor uses to hijack the immune cells in its environment for its own purposes. These signals allow the tumor to turn immune cells, or more precisely microglia and macrophages, into traitors to their own body. Instead of attacking the cancer, they prevent the immune system from attacking it.




Traitors turn back into defenders

Once the implanted molecule stops these tumor signals, macrophages and microglia can support the CAR T-cells in their attack on the glioblastoma -- even on cancer cells that lack the specific recognized structure.

Trials with mice in whom the researchers implanted human glioblastoma cells have already shown that the treatment is very successful. The CAR T-cells were able to get rid of all of the cancer cells. The research team also tested the method against lymphoma, which is cancer of the lymphatic system. The treatment also appeared promising in these tests.

Clinical studies to follow soon

As their next step, Hutter and his team want to offer the treatment to patients in a first clinical study to test its effectiveness and safety. "Since we inject the treatment locally and don't deliver it through the bloodstream, side effects on the rest of the body should be limited," says Gregor Hutter. However, possible side effects on the nervous system -- which are already known to occur from other CAR T-cell therapies -- and how much these can be curbed can only be determined through studies, he adds.
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        Meteorite contains evidence of liquid water on Mars 742 million years ago
        An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite. During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists hav...

      

      
        Gas-churning monster black holes
        Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.

      

      
        Bird brain from the age of dinosaurs reveals roots of avian intelligence
        A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.

      

      
        In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery
        Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains.The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin. Researchers say it has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas.

      

      
        Three galactic 'red monsters' in the early Universe
        Astronomers have identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging exist...

      

      
        Can we live on our planet without destroying it?
        How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? A new article tackles these questions.

      

      
        Fossil fuel CO2 emissions increase again in 2024
        Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research.

      

      
        Earliest ancient Maya salt works excavated
        A team of archaeologists has excavated the earliest known ancient Maya salt works in southern Belize.

      

      
        A formula for life? New model calculates chances of intelligent beings in our Universe and beyond
        The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation. This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilizations in our Milky Way galaxy. More than 60 years on, astrophysicists have produced a different model which instead focuses on the conditions created by the a...

      

      
        Time alone heightens 'threat alert' in teenagers -- even when connecting on social media
        Scientists detect a heightened 'threat vigilance' reaction in adolescents after a few hours of isolation, which socializing online doesn't appear to ameliorate. They say the findings might shed light on the link between loneliness and mental health conditions such as anxiety disorders, which are on the rise in young people.

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Giving robots superhuman vision using radio signals
        Researchers have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

      

      
        One genomic test can diagnose nearly any infection
        A genomic test developed by researchers to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.

      

      
        Breakthrough in photonic time crystals could change how we use and control light
        An international research team has for the first time designed realistic photonic time crystals ---- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.

      

      
        Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets
        A new study finds that limiting global warming to 1.5 degrees Celsius is still possible, but some countries require support to meet their climate responsibilities. An 'additional carbon accountability' indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

      

      
        Astronomers' theory of how galaxies formed may be upended
        The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.

      

      
        First amber find on the Antarctic continent
        Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. Researchers have now made the southernmost discovery of amber in the world.

      

      
        New solar composition ratios that could reconcile longstanding questions
        A team combined compositional data of primitive bodies like Kuiper Belt objects, asteroids and comets with new solar data sets to develop a revised solar composition that potentially reconciles spectroscopy and helioseismology measurements for the first time. Helioseismology probes the Sun's interior by analyzing the waves that travel through it, while spectroscopy reveals the surface composition based on the spectral signature produced by each chemical element.

      

      
        Remarkable new swimming sea slug in the deep sea
        Researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Nicknamed the 'mystery mollusc,' the nudibranch Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence.

      

      
        A milestone in the study of octopus arms
        Research describes a computational model that captures the intricate muscular architecture of an octopus arm.

      

      
        While more is better, even moderate amounts of exercise may reduce risk for common heart condition
        Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a study shows.

      

      
        Swirling polar vortices likely exist on the Sun
        Like the Earth, the Sun likely has swirling polar vortices, according to new research. But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.

      

      
        Was 'Snowball Earth' a global event? Study delivers best proof yet
        A series of rocks hiding around Colorado's Rocky Mountains may hold clues to a frigid period in Earth's past when glaciers several miles thick covered the entire planet.

      

      
        Super microscope shows nanoscale biological process for the first time
        A new microscope is capable of live imaging of biological processes in such detail that moving protein complexes are visible.

      

      
        Compact error correction: Towards a more efficient quantum 'hard drive'
        Two quantum information theorists have solved a decades-old problem that will free up quantum computing power.

      

      
        Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data
        The discovery, centred around controlling tiny hurricanes of light and electromagnetic fields, could revolutionise how much information we can deliver over cables.

      

      
        Einstein's equations collide with the mysteries of the Universe
        Why is the expansion of our Universe accelerating? Twenty-five years after its discovery, this phenomenon remains one of the greatest scientific mysteries. Solving it involves testing the fundamental laws of physics, including Albert Einstein's general relativity. Researchers compared Einstein's predictions with data from the Dark Energy Survey. Scientists discovered a slight discrepancy that varies with different periods in cosmic history. These results challenge the validity of Einstein's theor...

      

      
        Secret behind the corpse flower's famous stench
        A new study on titan arum -- commonly known as the corpse flower for its smell like rotting flesh -- uncovers fundamental genetic pathways and biological mechanisms that produce heat and odorous chemicals when the plant blooms. The study provides insight into the flower's ability to warm up just before blooming through a process known as thermogenesis, an uncommon trait in plants that is not well understood. The researchers also identify a new component of the corpse flower's odor, an organic che...

      

      
        Asthma may place children at risk of memory difficulties
        Asthma is associated with memory difficulties in children, and early onset of asthma may exacerbate memory deficits, according to a new study.

      

      
        Deep ocean clues to a million-year-old ice age puzzle revealed in new study
        A new study challenges theories regarding the origins of a significant transition through the Earth's ice ages. The research provides fresh insights into the ocean's role in climate during the Mid-Pleistocene Transition, an enigmatic interval of change in climate cycles that began about one million years ago.

      

      
        New insights into the Denisovans: New hominin group that interbred with modern day humans
        Scientists believe individuals of the most recently discovered 'hominin' group (the Denisovans) that interbred with modern day humans passed on some of their genes via multiple, distinct interbreeding events that helped shape early human history. Scientists outline evidence suggesting that several Denisovan populations, who likely had an extensive geographical range from Siberia to Southeast Asia and from Oceania to South America, were adapted to distinct environments. They further outline a numb...

      

      
        Scarlet Macaw parents 'play favorites,' purposefully neglect younger chicks
        Researchers have discovered that scarlet macaws purposefully neglect feeding the youngest chicks in most broods, even when resources are plentiful. This results in only one or two chicks being able to fledge -- the process in which parents teach their young to fly and survive on their own -- even though broods may contain up to four chicks.

      

      
        Elephant turns a hose into a sophisticated showering tool
        Tool use isn't unique to humans. Chimpanzees use sticks as tools. Dolphins, crows, and elephants are known for their tool-use abilities, too. Now a report highlights elephants' remarkable skill in using a hose as a flexible shower head. As an unexpected bonus, researchers say they also have evidence that a fellow elephant knows how to turn the water off, perhaps as a kind of 'prank.'

      

      
        Chimpanzees perform better on challenging computer tasks when they have an audience
        When people have an audience watching them, it can change their performance for better or worse. Now, researchers have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this 'audience effect' predates the development of reputation-based human societies, the researchers say.

      

      
        New study maps dramatic 100-million-year explosion in color signals used by animals
        A recent study finds that color vision evolved in animals more than 100 million years before the emergence of colorful fruits and flowers. And there has been a dramatic explosion of color signals in the last 100 million years.

      

      
        Memories are not only in the brain, new research finds
        It's common knowledge that our brains -- and, specifically, our brain cells -- store memories. But a team of scientists has discovered that cells from other parts of the body also perform a memory function, opening new pathways for understanding how memory works and creating the potential to enhance learning and to treat memory-related afflictions.

      

      
        DNA evidence rewrites story of people buried in Pompeii eruption
        Researchers have used ancient DNA to challenge long-held interpretations of the people of Pompeii. Contrary to physical appearances, the DNA evidence revealed unexpected variations in gender and kinship, revising the story as written since 1748. The genetic data also underlined the cosmopolitan nature of the Roman Empire, showing that Pompeians were mainly descended from immigrants from the eastern Mediterranean.

      

      
        Astrophysicists use echoes of light to illuminate black holes
        Researchers have developed an innovative technique to search for black hole light echoes. Their novel method, which will make it easier for the mass and the spin of black holes to be measured, represents a major step forward, since it operates independently of many of the other ways in which scientists have probed these parameters in the past.

      

      
        How plants grow thicker, not just taller
        Using a computer model that reveals how plants grow thicker over time, biologists have uncovered how cells are activated to produce wood tissue. Understanding the genetic and molecular signals behind this growth, they hope to advance forestry practices and carbon dioxide storage in trees.
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Meteorite contains evidence of liquid water on Mars 742 million years ago | ScienceDaily
An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth somewhere near Purdue and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite.


						
During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists have long wondered when that interaction with liquid water took place. An international collaboration of scientists including two from Purdue University's College of Science have recently determined the age of the minerals in the Lafayette Meteorite that formed when there was liquid water. The team has published its findings in Geochemical Perspective Letters.

Marissa Tremblay, assistant professor with the Department of Earth, Atmospheric, and Planetary Sciences (EAPS) at Purdue University, is the lead author of this publication. She uses noble gases like helium, neon and argon, to study the physical and chemical processes shaping the surfaces of Earth and other planets. She explains that some meteorites from Mars contain minerals that formed through interaction with liquid water while still on Mars.

"Dating these minerals can therefore tell us when there was liquid water at or near the surface of Mars in the planet's geologic past," she says. "We dated these minerals in the Martian meteorite Lafayette and found that they formed 742 million years ago. We do not think there was abundant liquid water on the surface of Mars at this time. Instead, we think the water came from the melting of nearby subsurface ice called permafrost, and that the permafrost melting was caused by magmatic activity that still occurs periodically on Mars to the present day."

In this publication, her team demonstrated that the age obtained for the timing of water-rock interaction on Mars was robust and that the chronometer used was not affected by things that happened to Lafayette after it was altered in the presence of water.

"The age could have been affected by the impact that ejected the Lafayette Meteorite from Mars, the heating Lafayette experienced during the 11 million years it was floating out in space, or the heating Lafayette experienced when it fell to Earth and burned up a little bit in Earth's atmosphere," she says. "But we were able to demonstrate that none of these things affected the age of aqueous alteration in Lafayette."

Ryan Ickert, senior research scientist with Purdue EAPS, is a co-author of the paper. He uses heavy radioactive and stable isotopes to study the timescales of geological processes. He demonstrated that other isotope data (previously used to estimate the timing of water-rock interaction on Mars) were problematic and had likely been affected by other processes.




"This meteorite uniquely has evidence that it has reacted with water. The exact date of this was controversial, and our publication dates when water was present," he says.

Found in a drawer

Thanks to research, quite a bit is known about the Lafayette Meteorite's origin story. It was ejected from the surface of Mars about 11 million years ago by an impact event.

"We know this because once it was ejected from Mars, the meteorite experienced bombardment by cosmic ray particles in outer space, that caused certain isotopes to be produced in Lafayette," Tremblay says. "Many meteoroids are produced by impacts on Mars and other planetary bodies, but only a handful will eventually fall to Earth."

But once Lafayette hit Earth, the story gets a little muddy. It is known for certain that the meteorite was found in a drawer at Purdue University in 1931. But how it got there is still a mystery. Tremblay and others made strides in explaining the history of the post-Earth timeline in a recent publication.

"We used organic contaminants from Earth found on Lafayette (specifically, crop diseases) that were particularly prevalent in certain years to narrow down when it might have fallen, and whether the meteorite fall may have been witnessed by someone," Tremblay says.




Meteorites: time capsules of the universe

Meteorites are solid time capsules from planets and celestial bodies from our universe. They carry with them bits of data that can be unlocked by geochronologists. They set themselves apart from rocks that may be found on Earth by a crust that forms from its descent through our atmosphere and often form a fiery entrance visible in the night's sky.

"We can identify meteorites by studying what minerals are present in them and the relationships between these minerals inside the meteorite," says Tremblay. "Meteorites are often denser than Earth rocks, contain metal, and are magnetic. We can also look for things like a fusion crust that forms during entry into Earth's atmosphere. Finally, we can use the chemistry of meteorites (specifically their oxygen isotope composition) to fingerprint which planetary body they came from or which type of meteorite it belongs to."

An international collab

The team involved with this publication included an international collaboration of scientists. The team also includes Darren F. Mark, Dan N. Barfod, Benjamin E. Cohen, Martin R. Lee, Tim Tomkinson and Caroline L. Smith representing the Scottish Universities Environmental Research Centre (SUERC), the Department of Earth and Environmental Science at the University of St Andrews, the School of Geographical and Earth Sciences at the University of Glasgow, the School of Earth Sciences at the University of Bristol, and the Science Group at The Natural History Museum in London.

"Before moving to Purdue, Ryan and I were both based at the Scottish Universities Environmental Research Centre, where the argon-argon isotopic analyses of the alteration minerals in Lafayette took place" Tremblay says. "Our collaborators at SUERC, the University of Glasgow, and the Natural History Museum have previously done a lot of work studying the history of Lafayette."

Dating the alteration minerals in Lafayette and, more generally, in this class of meteorites from Mars called nakhlites, has been a long-term objective in planetary science because scientists know that the alteration happened in the presence of liquid water on Mars. However, these materials are especially difficult to date, and previous attempts at dating them had either been very uncertain and/or likely affected by processes other than aqueous alteration.

"We have demonstrated a robust way to date alteration minerals in meteorites that can be applied to other meteorites and planetary bodies to understand when liquid water might have been present," Tremblay says.

Because of the Stahura Undergraduate Meteorite Fund, Tremblay and Ickert will be able to continue studying the geochemistry and histories of meteorites and undergraduates at Purdue EAPS will be able to assist in this research.
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Gas-churning monster black holes | ScienceDaily
Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.


						
"It's a very weird event, called AT 2021hdr, that keeps recurring every few months," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Institute of Astrophysics, the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, and University of Valparaiso in Chile. "We think that a gas cloud engulfed the black holes. As they orbit each other, the black holes interact with the cloud, perturbing and consuming its gas. This produces an oscillating pattern in the light from the system."

A paper about AT 2021hdr, led by Hernandez-Garcia, was published Nov. 13 in the journal Astronomy and Astrophysics.

The dual black holes are in the center of a galaxy called 2MASX J21240027+3409114, located 1 billion light-years away in the northern constellation Cygnus. The pair are about 16 billion miles (26 billion kilometers) apart, close enough that light only takes a day to travel between them. Together they contain 40 million times the Sun's mass.

Scientists estimate the black holes complete an orbit every 130 days and will collide and merge in approximately 70,000 years.

AT 2021hdr was first spotted in March 2021 by the Caltech-led ZTF (Zwicky Transient Facility) at the Palomar Observatory in California. It was flagged as a potentially interesting source by ALeRCE (Automatic Learning for the Rapid Classification of Events). This multidisciplinary team combines artificial intelligence tools with human expertise to report events in the night sky to the astronomical community using the mountains of data collected by survey programs like ZTF.

"Although this flare was originally thought to be a supernova, outbursts in 2022 made us think of other explanations," said co-author Alejandra Munoz-Arancibia, an ALeRCE team member and astrophysicist at the Millennium Institute of Astrophysics and the Center for Mathematical Modeling at the University of Chile. "Each subsequent event has helped us refine our model of what's going on in the system."

Since the first flare, ZTF has detected outbursts from AT 2021hdr every 60 to 90 days.




Hernandez-Garcia and her team have been observing the source with Swift since November 2022. Swift helped them determine that the binary produces oscillations in ultraviolet and X-ray light on the same time scales as ZTF sees them in the visible range.

The researchers conducted a Goldilocks-type elimination of different models to explain what they saw in the data.

Initially, they thought the signal could be the byproduct of normal activity in the galactic center. Then they considered whether a tidal disruption event -- the destruction of a star that wandered too close to one of the black holes -- could be the cause.

Finally, they settled on another possibility, the tidal disruption of a gas cloud, one that was bigger than the binary itself. When the cloud encountered the black holes, gravity ripped it apart, forming filaments around the pair, and friction started to heat it. The gas got particularly dense and hot close to the black holes. As the binary orbits, the complex interplay of forces ejects some of the gas from the system on each rotation. These interactions produce the fluctuating light Swift and ZTF observe.

Hernandez-Garcia and her team plan to continue observations of AT 2021hdr to better understand the system and improve their models. They're also interested in studying its home galaxy, which is currently merging with another one nearby -- an event first reported in their paper.

"As Swift approaches its 20th anniversary, it's incredible to see all the new science it's still helping the community accomplish," said S. Bradley Cenko, Swift's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "There's still so much it has left to teach us about our ever-changing cosmos."
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Bird brain from the age of dinosaurs reveals roots of avian intelligence | ScienceDaily
A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.


						
Researchers have identified a remarkably well-preserved fossil bird, roughly the size of a starling, from the Mesozoic Era. The complete skull has been preserved almost intact: a rarity for any fossil bird, but particularly for one so ancient, making this one of the most significant finds of its kind.

The extraordinary three-dimensional preservation of the skull allowed the researchers, led by the University of Cambridge and the Natural History Museum of Los Angeles County, to digitally reconstruct the brain of the bird, which they have named Navaornis hestiae. Navaornis lived approximately 80 million years ago in what is now Brazil, before the mass extinction event that killed all non-avian dinosaurs.

The researchers say their discovery, reported in the journal Nature, could be a sort of 'Rosetta Stone' for determining the evolutionary origins of the modern avian brain. The fossil fills a 70-million-year gap in our understanding of how the brains of birds evolved: between the 150-million-year-old Archaeopteryx, the earliest known bird-like dinosaur, and birds living today.

Navaornis had a larger cerebrum than Archaeopteryx, suggesting it had more advanced cognitive capabilities than the earliest bird-like dinosaurs. However, most areas of its brain, like the cerebellum, were less developed, suggesting that it hadn't yet evolved the complex flight control mechanisms of modern birds.

"The brain structure of Navaornis is almost exactly intermediate between Archaeopteryx and modern birds -- it was one of these moments in which the missing piece fits absolutely perfectly," said co-lead author Dr Guillermo Navalon from Cambridge's Department of Earth Sciences.

Navaornis is named after William Nava, director of the Museu de Paleontologia de Marilia in Brazil's Sao Paolo State, who discovered the fossil in 2016 at a site in the neighbouring locality of Presidente Prudente. Tens of millions of years ago, this site was likely a dry area with slow-flowing creeks, which enabled the fossil's exquisite preservation. This preservation allowed the researchers to use advanced micro-CT scanning technology to reconstruct the bird's skull and brain in remarkable detail.




"This fossil is truly so one-of-a-kind that I was awestruck from the moment I first saw it to the moment I finished assembling all the skull bones and the brain, which lets us fully appreciate the anatomy of this early bird," said Navalon.

"Modern birds have some of the most advanced cognitive capabilities in the animal kingdom, comparable only with mammals," said Professor Daniel Field from Cambridge's Department of Earth Sciences, senior author of the research. "But scientists have struggled to understand how and when the unique brains and remarkable intelligence of birds evolved -- the field has been awaiting the discovery of a fossil exactly like this one."

Before this discovery, knowledge of the evolutionary transition between the brains of Archaeopteryx and modern birds was practically non-existent. "This represents nearly 70 million years of avian evolution in which all the major lineages of Mesozoic birds originated -- including the first representatives of the birds that live today," said Navalon. "Navaornis sits right in the middle of this 70-million-year gap and informs us about what happened between these two evolutionary points."

While the skull of Navaornis somewhat resembles that of a small pigeon at first glance, closer inspection reveals that it is not a modern bird at all but instead a member of a group of early birds named enantiornithines, or the 'opposite birds.'

'Opposite birds' diverged from modern birds more than 130 million years ago, but had complex feathers and were likely competent flyers like modern birds. However, the brain anatomy of Navaornis poses a new question: how did opposite birds control their flight without the full suite of brain features observed in living birds, including an expanded cerebellum, which is a living bird's spatial control centre?

"This fossil represents a species at the midpoint along the evolutionary journey of bird cognition," said Field, who is also the Strickland Curator of Ornithology at Cambridge's Museum of Zoology. "Its cognitive abilities may have given Navaornis an advantage when it came to finding food or shelter, and it may have been capable of elaborate mating displays or other complex social behaviour."

"This discovery shows that some of the birds flying over the heads of dinosaurs already had a fully modern skull geometry more than 80 million years ago," said co-lead author Dr Luis Chiappe from the Natural History Museum of Los Angeles County.




While Navaornis is one of the best-preserved bird fossils ever found from the Mesozoic Era, the researchers believe many more finds from the Brazilian site where it was found could offer further insights into bird evolution.

"This might be just one fossil, but it's a key piece in the puzzle of bird brain evolution," said Field. "With Navaornis, we've got a clearer view of the evolutionary changes that occurred between Archaeopteryx and today's intelligent, behaviourally complex birds like crows and parrots."

While the discovery is a significant breakthrough, the researchers say it is only the first step in understanding the evolution of bird intelligence. Future studies may reveal how Navaornis interacted with its environment, helping to answer broader questions about the evolution of bird cognition over time.

Navaornis is the most recent in a quartet of Mesozoic fossil birds described by Field's research group since 2018, joining Ichthyornis, Asteriornis (the 'Wonderchicken'), and Janavis. The group's work on new fossil discoveries combined with advanced visualisation and analytical techniques have revealed fundamental insights into the origins of birds, the most diverse group of living vertebrate animals.

The research was supported in part by UK Research and Innovation (UKRI). Daniel Field is a Fellow of Christ's College, Cambridge.
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In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery | ScienceDaily
Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains, a study published in Nature suggests.


						
The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin, according to the research team led by University of Michigan and University of California San Francisco.

"FastGlioma is an artificial intelligence based diagnostic system that has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas," said senior author Todd Hollon, M.D., a neurosurgeon at University of Michigan Health and assistant professor of neurosurgery at U-M Medical School.

"The technology works faster and more accurately than current standard of care methods for tumor detection and could be generalized to other pediatric and adult brain tumor diagnoses. It could serve as a foundational model for guiding brain tumor surgery."

When a neurosurgeon removes a life threatening tumor from a patient's brain, they are rarely able to remove the entire mass.

What remains is known as residual tumor.

Commonly, the tumor is missed during the operation because surgeons are not able to differentiate between healthy brain and residual tumor in the cavity where the mass was removed.




The residual tumor may resemble healthy brain, which remains a major challenge in surgery.

Neurosurgical teams employ different methods to locate that residual tumor during a procedure.

They may get MRI imaging, which requires intraoperative machinery that is not available everywhere.

The surgeon might also use a fluorescent imaging agent to identify tumor tissue, which is not applicable for all tumor types.

These limitations prevent their widespread use.

In this international study of the AI driven technology, neurosurgical teams analyzed fresh, unprocessed specimens sampled from 220 patients who had operations for low- or high-grade diffuse glioma.




FastGlioma detected and calculated how much tumor remained with an average accuracy of approximately 92%.

In a comparison of surgeries guided by FastGlioma predictions or image- and fluorescent-guided methods, the AI technology missed high-risk, residual tumor just 3.8% of the time -- compared to a nearly 25% miss rate for conventional methods.

"This model is an innovative departure from existing surgical techniques by rapidly identifying tumor infiltration at microscopic resolution using AI, greatly reducing the risk of missing residual tumor in the area where a glioma is resected," said co-senior author Shawn Hervey-Jumper, M.D., professor of neurosurgery at University of California San Francisco and a former neurosurgery resident at U-M Health.

"The development of FastGlioma can minimize the reliance on radiographic imaging, contrast enhancement or fluorescent labels to achieve maximal tumor removal."

How it works

To assess what remains of a brain tumor, FastGlioma combines microscopic optical imaging with a type of artificial intelligence called foundation models.

These are AI models, such as GPT-4 and DALL*E 3, trained on massive, diverse datasets that can be adapted to a wide range of tasks.

After large scale training, foundation models can classify images, act as chatbots, reply to emails and generate images from text descriptions.

To build FastGlioma, investigators pre-trained the visual foundation model using over 11,000 surgical specimens and 4 million unique microscopic fields of view.

The tumor specimens are imaged through stimulated Raman histology, a method of rapid, high resolution optical imaging developed at U-M.

The same technology was used to train DeepGlioma, an AI based diagnostic screening system that detects a brain tumor's genetic mutations in under 90 seconds.

"FastGlioma can detect residual tumor tissue without relying on time-consuming histology procedures and large, labeled datasets in medical AI, which are scarce," said Honglak Lee, Ph.D., co-author and professor of computer science and engineering at U-M.

Full resolution images take around 100 seconds to acquire using stimulated Raman histology; a "fast mode" lower resolution image takes just 10 seconds.

Researchers found that the full resolution model achieved accuracy up to 92%, with the fast mode slightly lower at approximately 90%.

"This means that we can detect tumor infiltration in seconds with extremely high accuracy, which could inform surgeons if more resection is needed during an operation," Hollon said.

AI's future in cancer

Over the last 20 years, the rates of residual tumor after neurosurgery have not improved.

Not only does residual tumor result in worse quality of life and earlier death for patients, but it increases the burden on a health system that anticipates 45 million annual surgical procedures needed worldwide by 2030.

Global cancer initiatives have recommended incorporating new technologies, including advanced methods of imaging and AI, into cancer surgery.

In 2015, The Lancet Oncology Commission on global cancer surgery noted that "the need for cost effective... approaches to address surgical margins in cancer surgery provides a potent drive for novel technologies."

Not only is FastGlioma an accessible and affordable tool for neurosurgical teams operating on gliomas, but researchers say, it can also accurately detect residual tumor for several non-glioma tumor diagnoses, including pediatric brain tumors, such as medulloblastoma and ependymoma, and meningiomas.

"These results demonstrate the advantage of visual foundation models such as FastGlioma for medical AI applications and the potential to generalize to other human cancers without requiring extensive model retraining or fine-tuning," said co-author said Aditya S. Pandey, M.D., chair of the Department of Neurosurgery at U-M Health.

"In future studies, we will focus on applying the FastGlioma workflow to other cancers, including lung, prostate, breast, and head and neck cancers."
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Three galactic 'red monsters' in the early Universe | ScienceDaily
An international team led by the University of Geneva (UNIGE) has identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging existing galaxy formation models. The study is published in Nature.


						
In the theoretical model favored by scientists, galaxies form gradually within large halos of dark matter. Dark matter halos capture gas (atoms and molecules) into gravitationally bound structures. Typically, only at most ~20% of this gas is converted into stars in galaxies. However, new findings by an international team led by UNIGE with NASA's James Webb Space Telescope (JWST) challenges this view. They reveal that massive galaxies in the early Universe may have been much more efficient in building stars than their later counterparts, growing much more rapidly than previously thought.

Discovery of "Red Monsters"

JWST's unparalleled capabilities have allowed astronomers to systematically study galaxies in the very distant and early Universe, providing insights into massive and dust-obscured galaxies. By analyzing galaxies in the FRESCO survey, scientists found that most sources fit existing models. However, they also found three surprisingly massive galaxies, with stellar masses comparable to today's Milky Way. These are forming stars nearly twice as efficiently as their lower-mass counterparts and galaxies at later times. Due to their high dust content, which gives them a distinct red appearance in JWST images, they have been named the three "Red Monsters."

''Our findings are reshaping our understanding of galaxy formation in the early Universe,'' says Dr. Mengyuan Xiao, lead author of the new study and postdoctoral researcher in the Department of Astronomy at UNIGE Faculty of Science. ''The massive properties of these 'Red Monsters' were hardly determined before JWST, as they are optically invisible due to dust attenuation," says Dr. David Elbaz, director of research at CEA Paris-Saclay.

A Milestone in Galaxy Observations

The international team has developed a new program with the JWST to systematically analyze a complete sample of emission-line galaxies within the first billion years of cosmic history. This approach enabled the team to achieve precise distance estimates and reliable stellar mass measurements for the full galaxy sample.




''Our findings highlight the remarkable power of NIRCam/grism spectroscopy," explains Pascal Oesch, associate professor in the Department of Astronomy at the UNIGE Faculty of Science, principal investigator of this observation programme. ''The instrument on board the space telescope allows us to identify and study the growth of galaxies over time, and to obtain a clearer picture of how stellar mass accumulates over the course of cosmic history.''

''Too many, too massive" galaxies in the early Universe

While these findings do not conflict with the standard cosmological model, they raise new questions for galaxy formation theories, specifically the issue of "too many, too massive" galaxies in the early Universe. Current models may need to consider unique processes that allowed certain early massive galaxies to achieve such efficient star formation and thus form very rapidly, very early in the Universe. Future observations with JWST and the Atacama Large Millimeter Array (ALMA) will provide further insights into these ultra-massive "Red Monsters" and reveal larger samples of such sources.

''These results indicate that galaxies in the early Universe could form stars with unexpected efficiency,'' Dr. Mengyuan Xiao concludes. ''As we study these galaxies in more depth, they will offer new insights into the conditions that shaped the Universe's earliest epochs. The 'Red Monsters' are just the beginning of a new era in our exploration of the early Universe.''
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Can we live on our planet without destroying it? | ScienceDaily
With eight billion people, we use a lot of the Earth's resources in ways that are likely unsustainable. Klaus Hubacek, Professor of Science, Technology and Society at the University of Groningen, the Netherlands, takes stock of the situation. How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? It is possible, Hubacek shows, but it will require policies based on scientific evidence.


						
Our consumption patterns affect the environment, that much we know. A clear example is the concentration of carbon dioxide in the atmosphere. It has been rising at an increasingly faster rate since the 1960s, resulting in global warming, along with all its dire consequences. There is a limit to the amount of consumption the Earth can support, and in 2009, scientists defined nine 'planetary boundaries' as indicators of when we have reached that limit. Crossing them may lead to irreversible damage to the Earth's stability and resilience. These planetary boundaries include indicators such as ocean acidification and the global use of fresh water. In 2023, six of these planetary boundaries had already been crossed.

Hubacek has devoted his academic career to studying how humanity is performing in terms of these planetary boundaries, and what needs to change to prevent us from crossing them even further. According to him, 'the basic calculation is: given a certain number of people on the planet and the planetary boundaries, how much can we consume to stay inside these limits?'.

The divide between rich and poor

At the moment, the richest one per cent of the world's population produces 50 times more greenhouse gasses than the four billion people in the bottom 50 per cent. The divide between the rich and the poor on this planet is a common thread in Hubacek's work. He is one of the authors of a paper, published in the journal Nature on 13 November, that describes this issue. Using an extensive dataset covering up to 201 consumption groups across 168 countries, the paper analyses the impact of spending patterns on six key environmental indicators.

The analysis reveals how different consumer behaviours contribute to planetary transgressions, and concludes that if the world's top 20 per cent of consumers shifted their consumption habits toward more sustainable patterns found within their group, they could reduce their environmental impact by 25 to 53 per cent. The study also shows that changing consumption patterns in just the food and services sectors could help bring critical planetary boundaries back within safe limits.

Changing our lifestyle to stay within the boundaries

In previous papers, Hubacek researched specific solutions that could help us balance our lives to better deal with the planetary boundaries. In a study published last August, he showed that if a diet with less red meat and more legumes and nuts was adopted by the richest part of the world, food-driven emissions would fall by 17 per cent, even when the inhabitants of poorer nations increase their meat consumption.




And just last month, Hubacek co-authored a paper describing how the livestock sector is dangerously transgressing several of the planetary boundaries. The paper argues that any measures to counter this negative effect should be 'region-specific': 'Obviously, there will be differences. A plant-based diet is not suitable for traditional Mongolian nomads, who depend on yaks and their milk.'

Hubacek keeps pointing to solutions when he identifies transgressions of planetary boundaries. 'However, we shouldn't focus so much on creating new technical solutions, as there are already so many solutions which we don't implement,' he argues. 'And most governments subsidize bad behaviour.' For example, subsidies for fossil fuels globally are overcompensating for the mitigation effect that we achieve through carbon pricing such as carbon taxes and carbon trading schemes. 'And there are also many inconsistent policies, such as stimulating the use of heat pumps and, at the same time, raising the price of the electricity they use.'

It is possible

What Hubacek shows is that not all hope is lost: humanity can stay within the planetary boundaries. But it seems that there is little political will to tackle issues such as climate change. Hubacek: 'This worries me. And it causes real fear in the younger generation.' Hubacek underlines that his science is not activism-driven. 'I'm doing this work first and foremost because of my academic interest. But I also don't want to waste my time on something that is meaningless. What we need are evidence-based policies.'

Peipei Tian, Honglin Zhong, Xiangjie Chen, Kuishuang Feng, Laixiang Sun, Ning Zhang, Xuan Shao, Yu Liu & Klaus Hubacek: Keeping the global consumption within the planetary boundaries. Nature, 13 November 2024. 
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Fossil fuel CO2 emissions increase again in 2024 | ScienceDaily
Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research by the Global Carbon Project science team.


						
The 2024 Global Carbon Budget projects fossil carbon dioxide (CO 2) emissions of 37.4 billion tonnes, up 0.8% from 2023.

Despite the urgent need to cut emissions to slow climate change, the researchers say there is still "no sign" that the world has reached a peak in fossil CO2 emissions.

With projected emissions from land-use change (such as deforestation) of 4.2 billion tonnes, total CO2 emissions are projected to be 41.6 billion tonnes in 2024, up from 40.6 billion tonnes last year.

Over the last 10 years, fossil CO2 emissions have risen while land-use change CO2 emissions have declined on average -- leaving overall emissions roughly level over that period.

This year, both fossil and land-use change CO2 emissions are set to rise, with drought conditions exacerbating emissions from deforestation and forest degradation fires during the El Nino climate event of 2023-2024.

With over 40 billion tonnes released each year at present, the level of CO2 in the atmosphere continues to rise -- driving increasingly dangerous global warming.




The research team included the University of Exeter, the University of East Anglia (UEA), CICERO Center for International Climate Research, Ludwig-Maximilian-University Munich, Alfred-Wegener-Institut and 80 other institutions around the world.

"The impacts of climate change are becoming increasingly dramatic, yet we still see no sign that burning of fossil fuels has peaked," said Professor Pierre Friedlingstein, of Exeter's Global Systems Institute, who led the study.

"Time is running out to meet the Paris Agreement goals -- and world leaders meeting at COP29 must bring about rapid and deep cuts to fossil fuel emissions to give us a chance of staying well below 2degC warming above pre-industrial levels."

Professor Corinne Le Quere, Royal Society Research Professor at UEA's School of Environmental Sciences, said: "Despite another rise in global emissions this year, the latest data shows evidence of widespread climate action, with the growing penetration of renewables and electric cars displacing fossil fuels, and decreasing deforestation emissions in the past decades confirmed for the first time."

Dr Glen Peters, of the CICERO Center for International Climate Research in Oslo, said: "There are many signs of positive progress at the country level, and a feeling that a peak in global fossil CO2 emissions is imminent, but the global peak remains elusive.

"Climate action is a collective problem, and while gradual emission reductions are occurring in some countries, increases continue in others.




"Progress in all countries needs to accelerate fast enough to put global emissions on a downward trajectory towards net zero."

Professor Friedlingstein added: "Until we reach net zero CO2 emissions globally, world temperatures will continue to rise and cause increasingly severe impacts."

Other key findings from the 2024 Global Carbon Budget include:
    	Globally, emissions from different fossil fuels in 2024 are projected to increase: coal (0.2%), oil (0.9%), gas (2.4%). These contribute 41%, 32% and 21% of global fossil CO2 emissions respectively. Given the uncertainty in the projections, it remains possible that coal emissions could decline in 2024.
    	China's emissions (32% of the global total) are projected to marginally increase by 0.2%, although the projected range includes a possible decrease in emissions.
    	US emissions (13% of the global total) are projected to decrease by 0.6%.
    	India's emissions (8% of the global total) are projected to increase by 4.6%.
    	European Union emissions (7% of the global total) are projected to decrease by 3.8%.
    	Emissions in the rest of the world (38% of the global total) are projected to increase by 1.1%.
    	International aviation and shipping (3% of the global total, and counted separately from national/regional totals) are projected to increase by 7.8% in 2024, but remain below their 2019 pre-pandemic level by 3.5%.
    	Globally, emissions from land-use change (such as deforestation) have decreased by 20% in the past decade, but are set to rise in 2024.
    	Permanent CO2 removal through reforestation and afforestation (new forests) is offsetting about half of the permanent deforestation emissions.
    	Current levels of technology-based Carbon Dioxide Removal (excluding nature-based means such as reforestation) only account for about one-millionth of the CO2 emitted from fossil fuels.
    	Atmospheric CO2 levels are set to reach 422.5 parts per million in 2024, 2.8 parts per million above 2023, and 52% above pre-industrial levels.
    	The effects of the temporary El Nino climate event also led to a reduction in carbon absorption by ecosystems on land (known as the land CO2 "sink") in 2023, which is projected to recover as El Nino ended by the second quarter of 2024.
    	Emissions from fires in 2024 have been above the average since the beginning of the satellite record in 2003, particularly due to the extreme 2023 wildfire season in Canada (which persisted in 2024) and intense drought in Brazil.
    	The land and ocean CO2 sinks combined continued to take up around half of the total CO2 emissions, despite being negatively impacted by climate change.

How long until we pass 1.5degC of global warming? 

This study estimates the remaining "carbon budget" before the 1.5degC target is breached consistently over multiple years, not just for a single year. At the current rate of emissions, the Global Carbon Budget team estimates a 50% chance global warming will exceed 1.5degC consistently in about six years. This estimate is subject to large uncertainties, primarily due to the uncertainty of the additional warming coming from non-CO2 agents (e.g., CH4, N2O, aerosols). However, it's clear that the remaining carbon budget -- and therefore the time left to meet the 1.5degC target and avoid the worst impacts of climate change -- has almost run out.

The Global Carbon Budget report, produced by an international team of more than 120 scientists, provides an annual, peer-reviewed update, building on established methodologies in a fully transparent manner. The 2024 edition (the 19th annual report) will be published in the journal Earth System Science Data on November 13 as a pre-print, and later as a peer-reviewed paper.
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Earliest ancient Maya salt works excavated | ScienceDaily
A team of archaeologists from LSU and the University of Texas at Tyler have excavated the earliest known ancient Maya salt works in southern Belize, as reported in the journal Antiquity. The team was led by LSU Alumni Professor Heather McKillop, who first discovered wooden buildings preserved there below the sea floor, along with associated artifacts, and the only ancient Maya wooden canoe paddle in 2004.


						
Her key collaborator, Assistant Professor Elizabeth Sills at the University of Texas at Tyler, began working with McKillop as a master's student and then as a doctoral student at LSU.

Since their initial discovery of wood below the sea floor in Belize, the team has uncovered an extensive pattern of sites that include "salt kitchens" for boiling seawater in pots over a fire to make salt, residences for salt workers, and the remains of other pole and thatch buildings.

All were remarkably well preserved in red mangrove peat in shallow coastal lagoons. Since 2004, the LSU research team has mapped as many as 70 underwater sites, with 4,042 wooden posts marking the outlines of ancient buildings.

In 2023, the team returned to Belize to excavate a site called Jay-yi Nah, which curiously lacked the broken pots so common at other salt works, while a few pottery sherds were found.

"These resembled sherds from the nearby island site of Wild Cane Cay, which I had previously excavated," McKillop said. "So, I suggested to Sills that we survey Jay-yi Nah again for posts and sea floor artifacts."

After their excavations, McKillop stayed in a nearby town to study the artifacts from Jay-yi Nah. As reported in Antiquity, the materials they found contrasted with those from other nearby underwater sites, which had imported pottery, obsidian, and high-quality chert, or flint.

"At first, this was perplexing," McKillop said. "But a radiocarbon date on a post we'd found at Jay-yi Na provided an Early Classic date, 250-600 AD, and solved the mystery."

Jay-yi Nah turned out to be much older than the other underwater sites. Through their findings, the researchers learned Jay-yi Nah had developed as a local enterprise, without the outside trade connections that developed later during the Late Classic period (AD 650-800), when the inland Maya population reached its peak with a high demand for salt -- a basic biological necessity in short supply in the inland cities.

Jay-yi Nah had started as a small salt-making site, with ties to the nearby community on Wild Cane Cay that also made salt during the Early Classic period. Abundant fish bones preserved in anaerobic deposits at Wild Cane Cay suggest some salt was made there for salting fish for later consumption or trade.
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A formula for life? New model calculates chances of intelligent beings in our Universe and beyond | ScienceDaily
The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation.


						
This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilisations in our Milky Way galaxy.

More than 60 years on, astrophysicists led by Durham University have produced a different model which instead focuses on the conditions created by the acceleration of the Universe's expansion and the amount of stars formed.

It is thought this expansion is being driven by a mysterious force called dark energy that makes up more than two thirds of the Universe.

What is the calculation?

Since stars are a precondition for the emergence of life as we know it, the model could therefore be used to estimate the probability of generating intelligent life in our Universe, and in a multiverse scenario of hypothetical different universes.

The new research does not attempt to calculate the absolute number of observers (i.e. intelligent life) in the universe but instead considers the relative probability of a randomly chosen observer inhabiting a universe with particular properties.




It concludes that a typical observer would expect to experience a substantially larger density of dark energy than is seen in our own Universe -- suggesting the ingredients it possesses make it a rare and unusual case in the multiverse.

The approach presented in the paper involves calculating the fraction of ordinary matter converted into stars over the entire history of the Universe, for different dark energy densities.

The model predicts this fraction would be approximately 27 per cent in a universe that is most efficient at forming stars, compared to 23 per cent in our own Universe.

This means we don't live in the hypothetical universe with the highest odds of forming intelligent life forms. Or in other words, the value of dark energy density we observe in our Universe is not the one that would maximise the chances of life, according to the model.

Dark energy's impact on our existence

Lead researcher Dr Daniele Sorini, of Durham University's Institute for Computational Cosmology, said: "Understanding dark energy and the impact on our Universe is one of the biggest challenges in cosmology and fundamental physics.




"The parameters that govern our Universe, including the density of dark energy, could explain our own existence.

"Surprisingly, though, we found that even a significantly higher dark energy density would still be compatible with life, suggesting we may not live in the most likely of universes."

The new model could allow scientists to understand the effects of differing densities of dark energy on the formation of structures in the Universe and the conditions for life to develop in the cosmos.

Dark energy makes the Universe expand faster, balancing gravity's pull and creating a universe where both expansion and structure formation are possible.

However, for life to develop, there would need to be regions where matter can clump together to form stars and planets, and it would need to remain stable for billions of years to allow life to evolve.

Crucially, the research suggests that the astrophysics of star formation and the evolution of the large-scale structure of the Universe combine in a subtle way to determine the optimal value of the dark energy density needed for the generation of intelligent life.

Professor Lucas Lombriser, Universite de Geneve and co-author of the study, added: "It will be exciting to employ the model to explore the emergence of life across different universes and see whether some fundamental questions we ask ourselves about our own Universe must be reinterpreted."

Drake Equation explained

Dr Drake's equation was more of a guide for scientists on how to go about searching for life, rather than an estimating tool or serious attempt to determine an accurate result.

Its parameters included the rate of yearly star formation in the Milky Way, the fraction of stars with planets orbiting them and the number of worlds that could potentially support life.

By comparison, the new model connects the rate of yearly star formation in the Universe with its fundamental ingredients, such as the aforementioned dark energy density.

The study was funded by the European Research Council and also involved scientists at the University of Edinburgh and the Universite de Geneve.
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Time alone heightens 'threat alert' in teenagers -- even when connecting on social media | ScienceDaily
People in their late teens experience an increased sensitivity to threats after just a few hours left in a room on their own -- an effect that endures even if they are interacting online with friends and family.


						
This is according to latest findings from a cognitive neuroscience experiment conducted at the University of Cambridge, which saw 40 young people aged 16-19 undergo testing before and after several hours alone -- both with and without their smartphones.

Many countries have declared an epidemic of loneliness*. The researchers set out to "induce" loneliness in teenagers and study the effects through a series of tests, from a Pavlovian task to electrodes that measure sweat.

Scientists found that periods of isolation, including those in which participants could use their phones, led to an increased threat response -- the sensing of and reacting to potential dangers. This alertness can cause people to feel anxious and uneasy.

The authors of the study say that isolation and loneliness might lead to excessive "threat vigilance," even when plugged in online, which could negatively impact adolescent mental health over time.

They say it could contribute to the persistent and exaggerated fear responses typical of anxiety disorders on the rise among young people around the world.

While previous studies show isolation leads to anxious behaviour and threat responses in rodents, this is believed to be the first study to demonstrate these effects through experiments involving humans.




The findings are published today in the journal Royal Society Open Science.

"We detected signs of heightened threat vigilance after a few hours of isolation, even when the adolescents had been connected through smartphones and social media," said Emily Towner, study lead author from Cambridge's Department of Psychology.

"This alertness to perceived threats might be the same mechanism that leads to the excessive worry and inability to feel safe which characterises anxiety," said Towner, a Gates Cambridge Scholar.

"It makes evolutionary sense that being alone increases our vigilance to potential threats. These threat response mechanisms undergo a lot of changes in adolescence, a stage of life marked by increasing independence and social sensitivity."

"Our experiment suggests that periods of isolation in adolescents might increase their vulnerability to the development of anxiety, even when they are connected virtually."

Researchers recruited young people from the local area in Cambridge, UK, conducting extensive screening to create a pool of 18 boys and 22 girls who had good social connections and no history of mental health issues.




Participants were given initial tests and questionnaires to establish a "baseline." These included the Pavlovian threat test, in which they were shown a series of shapes on a screen, one of which was paired with a harsh noise played through headphones, so the shape became associated with a feeling of apprehension.

Electrodes attached to fingers monitored "electrodermal activity" -- a physiological marker of stress -- throughout this test.**

Each participant returned for two separate stints of around four hours isolated in a room in Cambridge University's Psychology Department, after which the tests were completed again. There was around a month, on average, between sessions.

All participants underwent two isolation sessions. One was spent with a few puzzles to pass the time, but no connection to the outside world. For the other, participants were allowed smartphones and given wi-fi codes, as well as music and novels. The only major rule in both sessions was they had to stay awake.***

"We set out to replicate behaviour in humans that previous animal studies had found after isolation," said Towner. "We wanted to know about the experience of loneliness, and you can't ask animals how lonely they feel."

Self-reported loneliness increased from baseline after both sessions. It was lower on average after isolation with social media, compared to full isolation.****

However, participants found the threat cue -- the shape paired with a jarring sound -- more anxiety-inducing and unpleasant after both isolation sessions, with electrodes also measuring elevated stress activity.

On average across the study, threat responses were 70% higher after the isolation sessions compared to the baseline, regardless of whether participants had been interacting digitally.

"Although virtual social interactions helped our participants feel less lonely compared to total isolation, their heightened threat response remained," said Towner.

Previous studies have found a link between chronic loneliness and alertness to threats. The latest findings support the idea that social isolation may directly contribute to heightened fear responses, say researchers.

Dr Livia Tomova, co-senior author and lecturer in Psychology at Cardiff University, who conducted the work while at Cambridge, added: "Loneliness among adolescents around the world has nearly doubled in recent years. The need for social interaction is especially intense during adolescence, but it is not clear whether online socialising can fulfil this need.

"This study has shown that digital interactions might not mitigate some of the deep-rooted effects that isolation appears to have on teenagers."

Notes:

*For example, in 2023 the U.S. Surgeon General declared an epidemic of loneliness and isolation.

**Electrodes placed on the fingers record small deflections in sweat and subsequent changes in electrical conductivity of the skin (electrodermal activity). Electrodermal activity is used to detect stress levels and increases with emotional or physical arousal.

***The baseline tests were always taken first. The order of the two isolation sessions was randomly allocated. For sessions with digital interactions allowed, most participants used social media (35 out of 40), with texting being the most common form of interaction (37 out of 40). Other popular platforms included Snapchat, Instagram, and WhatsApp. Participants mainly connected virtually with friends (38), followed by family (19), romantic partners (13), and acquaintances (4).

**** Average self-reported loneliness more than doubled after the isolation session with social media compared to baseline and nearly tripled after the complete isolation session compared to baseline.
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.
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Giving robots superhuman vision using radio signals | ScienceDaily
In the race to develop robust perception systems for robots, one persistent challenge has been operating in bad weather and harsh conditions. For example, traditional, light-based vision sensors such as cameras or LiDAR (Light Detection And Ranging) fail in heavy smoke and fog.


						
However, nature has shown that vision doesn't have to be constrained by light's limitations -- many organisms have evolved ways to perceive their environment without relying on light. Bats navigate using the echoes of sound waves, while sharks hunt by sensing electrical fields from their prey's movements.

Radio waves, whose wavelengths are orders of magnitude longer than light waves, can better penetrate smoke and fog, and can even see through certain materials -- all capabilities beyond human vision. Yet robots have traditionally relied on a limited toolbox: they either use cameras and LiDAR, which provide detailed images but fail in challenging conditions, or traditional radar, which can see through walls and other occlusions but produces crude, low-resolution images.

Now, researchers from the University of Pennsylvania School of Engineering and Applied Science (Penn Engineering) have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

"Our initial question was whether we could combine the best of both sensing modalities," says Mingmin Zhao, Assistant Professor in Computer and Information Science. "The robustness of radio signals, which is resilient to fog and other challenging conditions, and the high resolution of visual sensors."

In a paper to be presented at the 2024 International Conference on Mobile Computing and Networking (MobiCom), Zhao and his team from the Wireless, Audio, Vision, and Electronics for Sensing (WAVES) Lab and the Penn Research In Embedded Computing and Integrated Systems Engineering (PRECISE) Center, including doctoral student Haowen Lai, recent master's graduate Gaoxiang Luo and undergraduate research assistant Yifei (Freddy) Liu, describe how PanoRadar leverages radio waves and artificial intelligence (AI) to let robots navigate even the most challenging environments, like smoke-filled buildings or foggy roads.

PanoRadar is a sensor that operates like a lighthouse that sweeps its beam in a circle to scan the entire horizon. The system consists of a rotating vertical array of antennas that scans its surroundings. As they rotate, these antennas send out radio waves and listen for their reflections from the environment, much like how a lighthouse's beam reveals the presence of ships and coastal features.




Thanks to the power of AI, PanoRadar goes beyond this simple scanning strategy. Unlike a lighthouse that simply illuminates different areas as it rotates, PanoRadar cleverly combines measurements from all rotation angles to enhance its imaging resolution. While the sensor itself is only a fraction of the cost of typically expensive LiDAR systems, this rotation strategy creates a dense array of virtual measurement points, which allows PanoRadar to achieve imaging resolution comparable to LiDAR. "The key innovation is in how we process these radio wave measurements," explains Zhao. "Our signal processing and machine learning algorithms are able to extract rich 3D information from the environment."

One of the biggest challenges Zhao's team faced was developing algorithms to maintain high-resolution imaging while the robot moves. "To achieve LiDAR-comparable resolution with radio signals, we needed to combine measurements from many different positions with sub-millimeter accuracy," explains Lai, the lead author of the paper. "This becomes particularly challenging when the robot is moving, as even small motion errors can significantly impact the imaging quality."

Another challenge the team tackled was teaching their system to understand what it sees. "Indoor environments have consistent patterns and geometries," says Luo. "We leveraged these patterns to help our AI system interpret the radar signals, similar to how humans learn to make sense of what they see." During the training process, the machine learning model relied on LiDAR data to check its understanding against reality and was able to continue to improve itself.

"Our field tests across different buildings showed how radio sensing can excel where traditional sensors struggle," says Liu. "The system maintains precise tracking through smoke and can even map spaces with glass walls." This is because radio waves aren't easily blocked by airborne particles, and the system can even "capture" things that LiDAR can't, like glass surfaces. PanoRadar's high resolution also means it can accurately detect people, a critical feature for applications like autonomous vehicles and rescue missions in hazardous environments.

Looking ahead, the team plans to explore how PanoRadar could work alongside other sensing technologies like cameras and LiDAR, creating more robust, multi-modal perception systems for robots. The team is also expanding their tests to include various robotic platforms and autonomous vehicles. "For high-stakes tasks, having multiple ways of sensing the environment is crucial," says Zhao. "Each sensor has its strengths and weaknesses, and by combining them intelligently, we can create robots that are better equipped to handle real-world challenges."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by a faculty startup fund.
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One genomic test can diagnose nearly any infection | ScienceDaily
A genomic test developed at UC San Francisco to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.


						
The test has the potential to vastly improve care for neurological infections that cause diseases like meningitis and encephalitis, as well as speed up the detection of new viral pandemic threats. It uses a powerful genomic sequencing technique, called metagenomic next-generation sequencing (mNGS).

Rather than looking for one type of pathogen at a time, mNGS analyzes all the nucleic acids, RNA and DNA, that are present in a sample.

"Our technology is deceptively simple," said Charles Chiu, MD, PhD, professor of laboratory medicine and infectious diseases at UCSF and senior author of the study. "By replacing multiple tests with a single test, we can take the lengthy guesswork out of diagnosing and treating infections."

The researchers originally developed a clinical mNGS test to analyze cerebrospinal fluid (CSF), the pristine liquid that bathes the brain and spinal cord.

The test has now been performed on thousands of patients with unexplained neurological symptoms, both at UCSF and other hospitals across the country.

In a paper that appears Nov. 12 in Nature Medicine, the team demonstrated that the mNGS test correctly identified 86% of neurological infections.




In a companion study published the same day in Nature Communications, the team also used mNGS to identify pathogens in respiratory fluid that can cause pneumonia, and automated it to get results faster.

They expect that the automated test will be able to detect novel viral pathogens that could cause respiratory pandemics like COVID-19.

A breakthrough in diagnosing rare, infectious neurological disease 

Neurological diseases can be very hard to diagnose, especially when the cause is a rare or previously unknown pathogen. In many cases, each day without a diagnosis means a continual worsening of a patient's condition.

In the early 2010s, Chiu, along with UCSF colleagues Joe DeRisi, PhD, and Michael Wilson, MD, developed a novel metagenomic sequencing method to test CSF for potential pathogens causing neurologic infections.

The test works by sequencing all the genetic material in CSF, then running a computational analysis pipeline to separate human sequences from those that originate from bacteria, viruses, fungi or parasites.




In 2014, the team used the technology to help doctors in Wisconsin treat a young boy who was critically ill in the intensive care unit with an undiagnosed infection.

A long series of tests had failed to find out what was wrong with him, but UCSF's test took just 48 hours to reveal that the boy had leptospirosis, which is treatable with penicillin. His doctors gave it to him, and he fully recovered.

The mNGS test soon became routine at UCSF, with hospitals and clinics nationwide sending samples to be processed by the UCSF Clinical Microbiology Laboratory, of which Chiu is the director.

Between 2016 and 2023, the UCSF team analyzed nearly 5,000 CSF samples with the test, 14.4% of which turned out to have an infection. In those samples, the test accurately identified the pathogen 86% of the time.

"Our mNGS test performs better than any other category of test for neurologic infections," Chiu said, "The results support its use as a critical part of the diagnostic armamentarium for physicians who are working up patients with infectious diseases."

To increase access to this technology, Chiu, DeRisi, Wilson and others helped found Delve Bio, which is now the exclusive provider of the mNGS CSF test developed at UCSF.

"These findings support including mNGS as a core tool in the clinical workup for CNS infections," said Steve Miller, MD, PhD, chief medical officer of Delve Bio. "mNGS offers the single most unbiased, complete and definitive tool for pathogen detection. Thanks to its ability to quickly diagnose an infection, mNGS helps guide management decisions and treatment for patients with meningitis and encephalitis, potentially reducing healthcare costs down the line."

Preparing for the next pandemic 

If it is going to serve as an early-warning system for pandemics, the mNGS test must be fast. Chiu and his colleagues have adapted it to work with respiratory fluid and figured out how to automate it.

Whereas the CSF test entails more than 100 separate steps and can take 2 to 7 days to process, the respiratory test requires just 30 minutes of hands-on time before robots and algorithms can take over.

"Our goal was to have the entire process completed within 12 to 24 hours, giving a same-day or next-day result," Chiu said.

In the Nature Communications study, the researchers demonstrated that the test could detect respiratory viruses with pandemic potential, including SARS-CoV-2, influenza A and B, and RSV in less than a day, even when there were only small amounts of virus present in a sample.

They also modeled the technology's ability to detect divergent viruses -- or newly-evolved strains -- and found that it could hypothetically detect all of them, should they emerge in the future.

Both the CSF and respiratory versions of the mNGS test have received breakthrough device designation from the U.S. Food and Drug Administration (FDA).

Authors: For the Nature Medicine paper, other UCSF authors are Patrick Benoit, MD, Noah Brazer, Mikael de Lorenzi-Tognon, MD, PhD, Emily Kelly, MD, MS, Venice Servellita, MS, Miriam Oseguera, Jenny Nguyen, MD, MA, Jack Tang, MHS, Charles Omura, Jessica Streithorst, PhD, Melissa Hillberg, Danielle Ingebrigtsen, MHS, Kelsey Zorn, MHS, and Michael R. Wilson, MD. For all authors, see the paper.

For the Nature Communications paper, other UCSF authors are Jessica Karielle Tan, PhD, Venice Servellita, MS, Doug Stryke, Emily Kelly, MD, MS, Jessica Streithorst, PhD, Nanami Sumimoto, Abiodun Foresythe, Hee Jae Huh, Jenny Nguyen MD, MA, Miriam Oseguera, Noah Brazer, Jack Tang, MHS, Danielle Ingebrigtsen, MHS, Becky Fung, Helen Reyes, Melissa Hillberg, Peter M. Mourani, Charles R. Langelier, MD, PhD, Mikael de Lorenzi-Tognon, MD, PhD, and Patrick Benoit, MD. For all authors, see the paper.

Funding: The Nature Medicine paper was supported in part by a BARDA EZ-BAA award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641 and the Chan Zuckerberg Biohub San Francisco.

The Nature Communications paper was supported in part by in part by a BARDA EZ-BAA 494 award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641, Abbott Laboratories and the Chan Zuckerberg Biohub San Francisco.

Disclosures: Chiu is a founder of Delve Bio and serves on its scientific advisory board, as well as those of Flightpath Biosciences, Biomeme, Mammoth Biosciences, BiomeSense and Poppy Health. He is also an inventor on US patent 509 11380421, "Pathogen detection using next generation sequencing." Wilson is a co-founder and serves on the scientific advisory board and board of directors for Delve Bio.
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Breakthrough in photonic time crystals could change how we use and control light | ScienceDaily
An international research team has for the first time designed realistic photonic time crystals -- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.


						
"This work could lead to the first experimental realization of photonic time crystals, propelling them into practical applications and potentially transforming industries. From high-efficiency light amplifiers and advanced sensors to innovative laser technologies, this research challenges the boundaries of how we can control the light-matter interaction," says Assistant Professor Viktar Asadchy from Aalto University, Finland.

Photonic time crystals represent a unique class of optical materials. Unlike traditional crystals, which have spatially repeating structures, photonic time crystals remain uniform in space but exhibit a periodic oscillation in time. This distinctive quality creates "momentum band gaps," or unusual states where light pauses inside the crystal while its intensity grows exponentially over time. To grasp the peculiarity of light's interaction within a photonic time crystal, imagine light traversing a medium that switches between air and water quadrillions of times per second -- a remarkable phenomenon that challenges our conventional understanding of optics.

One potential application for the photonic time crystals is in nanosensing.

"Imagine we want to detect the presence of a small particle, such as a virus, pollutant, or biomarker for diseases like cancer. When excited, the particle would emit a tiny amount of light at a specific wavelength. A photonic time crystal can capture this light and automatically amplify it, enabling more efficient detection with existing equipment," says Asadchy.

Creating photonic time crystals for visible light has long been challenging due to the need for extremely rapid yet simultaneously large-amplitude variation of material properties. To date, the most advanced experimental demonstration of photonic time crystals -- developed by members of the same research team -- has been limited to much lower frequencies, such as microwaves. In their latest work, the team proposes, through theoretical models and electromagnetic simulations, the first practical approach to achieving "truly optical" photonic time crystals. By using an array of tiny silicon spheres, they predict that the special conditions needed to amplify light that were previously out of reach can finally be achieved in the lab using known optical techniques.

The team consisted of researchers from Aalto University, University of Eastern Finland, Karlsruhe Institute of Technology and Harbin Engineering University. The research was published in Nature Photonics on 12 November (10AM GMT).
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Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets | ScienceDaily
Limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. A new study introduces an "additional carbon accountability" indicator, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.


						
A new study in Nature Communications finds that limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. An "additional carbon accountability" indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

The new study proposes an indicator -- additional carbon accountability -- that quantifies countries' responsibility for mitigation and carbon dioxide removal in addition to achieving their own targets. Aside from further domestic reductions, this additional carbon accountability requires financing carbon removal, or emission reductions outside their territories.

A pressing question at the ongoing 29th annual UN Climate Conference (COP29) in Baku, Azerbaijan, is how to transition away from fossil fuels and speed up climate mitigation in line with the 1.5C global warming target. To address this, the new study by researchers from Stockholm University, Chalmers University of Technology, and Uppsala University, quantifies how much each country should reduce or remove carbon dioxide emissions beyond their current national commitments.

"The ambition of this article is to suggest opportunities to enhance climate fairness and close the mitigation gap in the real world, based on the Paris Agreement," says lead author Thomas Hahn, from the Stockholm Resilience Centre at Stockholm University.

The study quantifies each country's equal share of the remaining 1.5C carbon budget based on equal per capita historic emissions since 1990 and share of the remaining carbon budget. This is then compared to countries' actual carbon debts and future emissions targets, creating an "additional carbon accountability" indicator.

The study identifies 18 high-income and upper-middle-income countries that should be accountable for increasing their ambitions to stay within their equal per capita share of the global carbon budget for 1.5 degC. (Note that the EU is here counted as one country). Additional carbon accountability is highest for the United States and China, and highest per capita for the United Arab Emirates, Russia, Saudi Arabia and the United States.




"While there is no agreement on how to operationalize the fairness principles of the Paris Agreement, the new indicator provides an important tool to clarify the responsibility for the remaining mitigation gap in the context of the ongoing climate talks," explains co-author Johannes Morfeldt from Physical Resource Theory, Department of Space, Earth and Environment, at Chalmers University of Technology.

In general, high-income countries have large carbon debts while several upper-middle income countries have high future emissions. Four of the 18 countries could theoretically fulfil their accountability with stricter domestic emission reductions.

"14 of these 18 countries have a larger accountability than planned future emissions, meaning they would need to increase ambitions for carbon dioxide removal or for emission reductions in other countries, in addition to stricter emissions reductions," says co-author Ingo Fetzer, from Stockholm Resilience Centre, Stockholm University.

As an example, besides reaching its 2030 reduction target and net zero by 2050, the EU would need to remove an additional 48 Gt carbon dioxide (gigatonnes, or billion metric tonnes) or finance additional reductions beyond current targets in other countries. For China, the additional carbon accountability is 150 Gt and the USA 167 Gt.

"Our study shows that it's high time for the European Union to enhance its climate targets, instruments, and financing, to take responsibility for its fair share of a global carbon budget compatible with the Paris Agreement," says co-author Mikael Karlsson from Climate Change Leadership, Department of Earth Sciences, at Uppsala University.

The study shows that the ability to pay is not uniform. Several BRICS+ nations, particularly Iran and Russia, may struggle economically to meet their additional responsibilities, in contrast to G7 members.

"Our results highlight that meeting the 1.5C target to a large extent is reliant on large historic emitters like the EU and the US paying off their historic carbon debts, and countries with plans for future large emissions, like China and Iran, setting stricter reduction targets," adds co-author Robert Hoglund.
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Astronomers' theory of how galaxies formed may be upended | ScienceDaily
The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.


						
Instead, the oldest galaxies are large and bright, in agreement with an alternate theory of gravity, according to new research from Case Western Reserve University published Tuesday November 12 in The Astrophysical Journal. The results challenge astronomers' understanding of the early universe.

"What the theory of dark matter predicted is not what we see," said Case Western Reserve astrophysicist Stacy McGaugh,whose paper describes structure formation in the early universe.

McGaugh, professor and director of astronomy at Case Western Reserve, said instead of dark matter, modified gravity might have played a role. He says a theory known as MOND, for Modified Newtonian Dynamics, predicted in 1998 that structure formation in the early universe would have happened very quickly -- much faster than the theory of Cold Dark Matter, known as lambda-CDM, predicted.

JWST was designed to answer some of the biggest questions in the universe, such as how and when did stars and galaxies form? Until it was launched in 2021, no telescope was able to see that deeply into the universe and far back in time.

Lambda-CDM predicts that galaxies were formed by gradual accretion of matter from small to larger structures, due to the extra gravity provided by the mass of dark matter.

"Astronomers invented dark matter to explain how you get from a very smooth early universe to big galaxies with lots of empty space between them that we see today," McGaugh said.




The small pieces assembled in larger and larger structures until galaxies formed. JWST should be able to see these small galaxy precursors as dim light.

"The expectation was that every big galaxy we see in the nearby universe would have started from these itty-bitty pieces," he said.

But even at higher and higher redshift -- looking earlier and earlier into the evolution of the universe -- the signals are larger and brighter than expected.

MOND predicted that the mass that becomes a galaxy assembled rapidly and initially expands outward with the rest of the universe. The stronger force of gravity slows, then reverses, the expansion, and the material collapses on itself to form a galaxy. In this theory, there is no dark matter at all.

The large and bright structures seen by JWST very early in the universe were predicted by MOND over a quarter century ago, McGaugh said. He co-authored the paper with former Case Western Reserve postdoctoral researcher Federico Lelli, now at INAF -- Arcetri Astrophysical Observatory in Italy, and former graduate student Jay Franck. The fourth coauthor is James Schombert from the University of Oregon.

"The bottom line is, 'I told you so,'" McGaugh said. "I was raised to think that saying that was rude, but that's the whole point of the scientific method: Make predictions and then check which come true." He added that finding a theory compatible with both MOND and General Relativity is still a great challenge.
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First amber find on the Antarctic continent | ScienceDaily
Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. A team of researchers led by the Alfred Wegener Institute and the TU Bergakademie Freiberg have just released a paper in the journal Antarctic Science, in which they describe the southernmost discovery of amber in the world.


						
Until recently, a gap existed in the world map of amber discoveries: the Antarctic continent. But that gap has finally been closed, thanks to a team led by Dr Johann P. Klages from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research and Dr Henny Gerschel from the TU Bergakademie Freiberg. In a recently released paper, the experts describe the amber they discovered in a sediment core they had recovered on an expedition with the research icebreaker Polarstern in 2017, using the seafloor drill rig MARUM-MeBo70 at a water depth of 946 metres. They have named the discovery "Pine Island amber" after its locality in the Pine Island Bay of the Amundsen Sea Embayment -- at 73.57deg South, 107.09deg West, to be precise.

"The analysed amber fragments allow direct insights into environmental conditions that prevailed in West Antarctica 90 million years ago," says first author Johann P. Klages. "This fascinating find also indicates in more detail how the forest we reconstructed in our Nature study from 2020 could have functioned," the AWI marine geologist adds. "It was very exciting to realise that, at some point in their history, all seven continents had climatic conditions allowing resin-producing trees to survive. Our goal now is to learn more about the forest ecosystem -- if it burned down, if we can find traces of life included in the amber. This discovery allows a journey to the past in yet another more direct way."

Those expecting large clumps of amber have to be disappointed: For analyses with reflected-light and fluorescence microscopy, the source material had to be air-dried and carefully sliced up into roughly fragments with 1 mm diameter from which the amber pieces were picked. But nevertheless, exciting structures were to be found: "The Antarctic amber likely contains remains of original tree bark as micro-inclusions. Considering its solid, transparent and translucent particles, the amber is of high quality, indicating its burial near the surface, as amber would dissipate under increasing thermal stress and burial depth," explains Henny Gerschel, until recently a member of staff at the TU Bergakademie Freiberg and now a consultant at the Saxon State Office for the Environment, Agriculture and Geology.The team also found indications for pathological resin flow -- a strategy trees use to seal damaged bark induced by parasites or wildfires, hence creating a chemical and physical barrier protecting from insect attacks and infections. "Our discovery is another piece of the puzzle and will help us gaining a better understanding of the swampy, conifer-rich, temperate rainforest environment identified near the South Pole during the mid-Cretaceous."
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New solar composition ratios that could reconcile longstanding questions | ScienceDaily
A Southwest Research Institute-led team combined compositional data of primitive bodies like Kuiper Belt objects, asteroids and comets with new solar data sets to develop a revised solar composition that potentially reconciles spectroscopy and helioseismology measurements for the first time. Helioseismology probes the Sun's interior by analyzing the waves that travel through it, while spectroscopy reveals the surface composition based on the spectral signature produced by each chemical element.


						
A paper about this research, which addresses the long-standing "solar abundances" problem, appears in the AAS Astrophysical Journal.

"This is the first time this kind of interdisciplinary analysis has been done, and our broad data set suggests more abundant levels of solar carbon, nitrogen and oxygen than previously thought," said Dr. Ngoc Truong, an SwRI postdoctoral researcher. "Solar system formation models using the new solar composition successfully reproduce the compositions of large Kuiper Belt objects (KBOs) and carbonaceous chondrite meteorites, in light of the newly returned Ryugu and Bennu asteroid samples from JAXA's Hayabusa-2 and NASA's OSIRIS-REx missions."

To make this discovery, the team combined new measurements of solar neutrinos and data about the solar wind composition from NASA's Genesis mission, together with the abundance of water found in primitive meteorites that originated in the outer solar system. They also used the densities of large KBOs such as Pluto and its moon Charon, as determined by NASA's New Horizons mission.

"This work provides testable predictions for future helioseismology, solar neutrino and cosmochemical measurements, including future comet sample return missions," Truong said. "The solar composition is used to calibrate other stars and understand the composition and formation of solar system objects. These breakthroughs will enhance our understanding of the primordial solar nebula's chemistry and the formation of numerous solar system bodies."

The team examined the role of refractory, tar-like organic compounds as a major carrier of carbon in the protosolar nebula. Solar system formation models using measurements of organics from comet 67P/Churyumov-Gerasimenko and the most widely adopted solar composition ratios did not produce the dense, rocky Pluto-Charon system.

"With this research, we think we finally understand the mix of chemical elements that made the solar system," said SwRI's Dr. Christopher Glein, an expert in planetary geochemistry. "It has more carbon, nitrogen and oxygen than what is currently assumed. This new knowledge gives us a firmer basis for understanding what element abundances in giant planet atmospheres can tell us about the formation of planets. We already have our eyes on Uranus -- NASA's next target destination -- and beyond."

In the search for habitable exoplanets, scientists measure the abundances of elements in stars spectroscopically to infer what a star's orbiting planets are made of, using stellar composition as a proxy for its planets.

"Our findings will significantly affect our understanding about the formation and evolution of other stars and planetary systems, and even further, they enable a broader perspective of galactic chemical evolution," said Truong.

A Cornell University-affiliated scientist contributed to the research, which was supported by SwRI's Internal Research and Development program and the Heising-Simons Foundation.
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Remarkable new swimming sea slug in the deep sea | ScienceDaily
MBARI researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence. The team published a description of the animal, nicknamed the "mystery mollusc," in the journal Deep-Sea Research Part I.


						
"Thanks to MBARI's advanced underwater technology, we were able to prepare the most comprehensive description of a deep-sea animal ever made. We've invested more than 20 years in understanding the natural history of this fascinating species of nudibranch. Our discovery is a new piece of the puzzle that can help better understand the largest habitat on Earth," said MBARI Senior Scientist Bruce Robison, who led efforts to describe the mystery mollusc.

MBARI researchers first observed the mystery mollusc in February 2000 during a dive with the institute's remotely operated vehicle (ROV) Tiburon offshore of Monterey Bay at 2,614 meters (8,576 feet) deep. The team leveraged MBARI's advanced and innovative underwater technology to gather extensive natural history information about the mystery mollusc. After reviewing more than 150 sightings from MBARI's ROVs over the past 20 years, they published a detailed description of this animal.

With a voluminous hooded structure at one end, a flat tail fringed with numerous finger-like projections at the other, and colorful internal organs in between, the team initially struggled to place this animal in a group. Because the animal also had a foot like a snail, they nicknamed this the "mystery mollusc."

After gently collecting a specimen, MBARI researchers were able to take a closer look at the animal in the lab. Through detailed investigations of anatomy and genetics, they began to solve the mystery, finally confirming that this incredible animal is a nudibranch.

Most nudibranchs, also known as sea slugs, live on the seafloor. Nudibranchs are common in coastal environments -- including tide pools, kelp forests, and coral reefs -- and a small number of species are known to live on the abyssal seafloor. A few are pelagic and live in open waters near the surface.

The mystery mollusc is the first nudibranch known to live in the deep water column. This species lives in the ocean's midnight zone, an expansive environment of open water 1,000 to 4,000 meters (3,300 to 13,100 feet) below the surface, also known as the bathypelagic zone.




The mystery mollusc is currently known to live in the waters offshore of the Pacific coast of North America, with sightings on MBARI expeditions as far north as Oregon and as far south as Southern California. An observation of a similar-looking animal by NOAA researchers in the Mariana Trench in the Western Pacific, suggests the mystery molluscmay have a more widespread distribution.

The mystery mollusc has evolved unique solutions to find food, safety, and companions to survive in the midnight zone.

While most sea slugs use a raspy tongue to feed on prey attached to the seafloor, the mystery mollusc uses a cavernous hood to trap crustaceans like a Venus fly trap plant. A number of other unrelated deep-sea species use this feeding strategy, including some jellies, anemones, and tunicates.

Mystery molluscs are typically seen in open water far below the surface and far above the seafloor. They move through these waters by flexing their body up and down to swim or simply drifting motionless with the currents. To avoid being eaten, the mystery mollusc hides in plain sight with a transparent body. Rapidly closing the oral hood facilitates a quick escape, similar to the pulse of a jelly's bell.

If threatened, the mystery mollusc can light up with bioluminescence to deter and distract hungry predators. On one occasion, researchers observed the animal illuminate and then detach a steadily glowing finger-like projection from the tail, likely serving as a decoy to distract a potential predator. "When we first filmed it glowing with the ROV, everyone in the control room let out a loud 'Oooooh!' at the same time. We were all enchanted by the sight," said MBARI Senior Scientist Steven Haddock. "Only recently have cameras become capable of filming bioluminescence in high-resolution and in full color. MBARI is one of the only places in the world where we have taken this new technology into the deep ocean, allowing us to study the luminous behavior of deep-sea animals in their natural habitat."

Like other nudibranchs, the mystery mollusc is a hermaphrodite, possessing both male and female sex organs. The mystery molluscappears to descend to the seafloor to spawn. MBARI researchers observed some animals using their muscular foot to attach to the muddy seafloor in order to release their eggs.




Detailed examination of specific gene sequences confirmed that the mystery molluscis unique enough from other known nudibranchs to merit the creation of a new family, Bathydeviidae. Two shallow-water nudibranchs -- the lion's mane nudibranch (Melibe leonina) and the veiled nudibranch (Tethys fimbria) -- use a hood to capture prey; however, this appears to be convergent evolution of a similar feeding method, as the mystery mollusc is only distantly related to these species. In fact, genetics suggests the mystery mollusc may have split off first on its own branch of the nudibranch family tree.

"What is exciting to me about the mystery mollusc is that it exemplifies how much we are learning as we spend more time in the deep sea, particularly below 2,000 meters. For there to be a relatively large, unique, and glowing animal that is in a previously unknown family really underscores the importance of using new technology to catalog this vast environment. The more we learn about deep-sea communities, the better we will be at ocean decision-making and stewardship," said Haddock.

The mystery mollusc is just one of many fascinating discoveries MBARI has made in the midnight zone. To date, MBARI technology has been used to document more than 250 deep-sea species previously unknown to science.

"Deep-sea animals capture the imagination. These are our neighbors that share our blue planet. Each new discovery is an opportunity to raise awareness about the deep sea and inspire the public to protect the amazing animals and environments found deep beneath the surface," said Robison.

This work was funded as part of the David and Lucile Packard Foundation's longtime support of MBARI's work to advance marine science and technology to understand a changing ocean.

Mystery mollusc (Bathydevius caudactylus) fact sheet 

Common name: Mystery mollusc 

Scientific name: Bathydevius caudactylus Pronunciation: bath-ee-dee-vee-us caw-dack-till-us

Habitat: midwater, in the bathypelagic zone 

Depth range: 1,013 to 4,009 meters (3,323 to 13,153 feet) 

Geographic range: currently known from the Northeastern Pacific Ocean, from Oregon to Southern California, but likely more widespread

Size: 14.5 centimeters (5.6 inches) (total length) 

Diet: crustaceans, including mysid shrimp

Swimming: Bathydevius caudactylus swims with up-and-down undulations of the entire body, from the hood to the tail. Quickly closing the hood propels the animal backward. Most individuals have been observed in the water column at depths of 1,013 to 3,272 meters (3,323 to 10,735 feet), either swimming slowly or passively drifting. Bathydevius caudactylus is neutrally buoyant and does not sink or rise in the water column when at rest.

Feeding: Bathydevius caudactylus uses a gelatinous hood to trap crustaceans. The bowl-shaped hood is highly elastic and may be up to 9 centimeters (3.5 inches) across. Meals are ingested through a funnel-shaped mouth at the back of the hood. Bathydevius caudactylus lacks the raspy tongue-like radula typical of bottom-dwelling nudibranchs and snails. Bathydevius caudactylus feeds on prey rich in nutrients, slowly metabolizing meals that may be few and far between in an environment where food is scarce.

Physiology: Researchers measured oxygen consumption of Bathydevius caudactylus with the Midwater Respirometer System developed by MBARI scientists and engineers. Bathydevius caudactylus has a metabolism much lower than that reported in other nudibranchs; in fact, respiration rates are more similar to those MBARI researchers have recorded in deep-sea jellies. The reduced respiration reflects the slower pace of life in the deep water column.

Bioluminescence: Researchers filmed bioluminescence from Bathydevius caudactylus in the field and the laboratory. Luminous granules in the animal's tissues create a "starry" appearance across the animal's back, including a diffuse glow in the oral hood and throughout the tips of the finger-like dactyls in the tail. Bathydevius caudactylus appears to drop luminescent dactyls as a decoy to distract predators, much like a lizard dropping its tail. The dactyls regenerate, with some Bathydevius caudactylus observed bearing dactyls of different lengths. Bioluminescence is uncommon among nudibranchs and snails, and Bathydevius caudactylus represents an independent evolution of this trait -- just the third time bioluminescence has evolved in nudibranchs and the seventh time among gastropods.

Reproduction: Bathydevius caudactylus is a hermaphrodite with both male and female reproductive organs. Spawning individuals were observed on the seafloor at depths of 2,269 to 4,009 meters (7,444 to 13,153 feet). Bathydevius caudactylus is a solitary species, however, spawning individuals were occasionally seen in proximity to each other on the seafloor. One specimen collected by MBARI researchers released a ribbon of eggs in the laboratory. Eggs hatched three days later, developing into trochophore larvae with a round body and long hair-like cilia.

Etymology: The genus name Bathydevius reflects the "devious" nature of this deep-sea animal that fooled researchers with features unlike those of other known nudibranchs. The species name caudactylus refers to distinctive finger-like projections, or dactyls, on the animal's tail.
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A milestone in the study of octopus arms | ScienceDaily
Mechanical engineering PhD candidate Arman Tekinalp, fellow graduate student Seung Hyun Kim, Professor Prashant Mehta, and Associate Professor Mattia Gazzola, all from the Department of Mechanical Science and Engineering at the University of Illinois Urbana-Champaign, published in the Proceedings of the National Academy of Science (PNAS). Their interdisciplinary collaboration also included Assistant Professor Noel Naughton (formerly a Beckman fellow) from the Department of Mechanical Engineering at Virginia Tech alongside researchers from the Department of Molecular and Integrative Physiology at Illinois and others from the University of North Carolina Chapel Hill and the University of South Florida. Their paper, "Topology, dynamics, and control of a muscle-architected soft arm," which made the cover, describes an unprecedented computational model that captures the intricate muscular architecture of an octopus arm.


						
The model is in turn used to explain how structural mechanics dramatically simplify the control of the arm by automatically orchestrating complex three-dimensional recurrent motions out of simple muscle contraction patterns. The researchers have been collaborating on this work since 2019 with the overarching goal of developing "cyberoctopus" capability -- in other words, creating robotic control systems that can replicate the complex movements of octopus arms.

In many animals including humans, a centralized brain serves as the decision-making hub, or controller, for the rest of the body. In contrast, octopus "brains" are distributed along the eight arms such that each arm can operate independently. Furthermore, the octopus's physiology allows each arm to achieve a range of motion described by nearly infinite degrees of freedom, making computation extremely complex.

"The general motivation is to figure out how to control a complex system with many degrees of freedom and find an alternative to running expensive computations," Gazzola said. "The octopus is an interesting animal model that has been studied since the 1980s. [Researchers] want to know the 'secret' to its abilities."

"I find it very interesting to learn from live animals and translate some of the insights into ideas for soft robotic design," Tekinalp said of his motivation for the study.

In previous efforts, the researchers worked with an interdisciplinary team to develop a theoretical approach to controlling a simplified octopus arm model. In this work, the team employed MRI and histological and biomechanical data to simulate a realistic arm comprised of nearly 200 intertwined muscle groups.

They also used image tracking to record the movements of a live octopus as it performed tasks in a tank. The octopus was placed on one side of a Plexiglas sheet with a hole through which only one arm could reach. In the experiments, a tempting object was placed on the opposite side of the sheet. The researchers could then video-capture the octopus reaching for and manipulating the object.




"It was almost like working with a little kid," Gazzola recalled of observing the octopus. "You have to know how to approach [the octopus] and keep it engaged."

From the imaging, the team extracted motion data and showed in simulation that their control approach could replicate the complex motions exhibited by the octopus arm. "We used topology and differential geometry to apply a set of fundamental theoretical results to the arm to describe its shape and control it via muscle actuation," Gazzola said.

To describe the arm's motion, the team developed simple muscle activation templates that could achieve complex 3D motion. "Instead of working with thousands of degrees of freedom, we related two topological quantities -- writhe and twist -- to muscle dynamics," Gazzola said. "These two quantities are each controlled by different muscle groups whose coactivation gives rise to a third topological quantity, that describe the arm's 3D morphological changes -- that is, its motion."

Their high-fidelity computational model is a milestone both in biology, where it can help explain the octopus's impressive capability, and engineering. "The computational model is a useful testbed for roboticists to test their algorithms," Mehta said.

The long-term study represents interdisciplinary efforts from multiple research groups and several students on campus over the years. Indeed, the team continues to change -- Tekinalp, who will graduate in December 2024, will be going on to a postdoctoral position at the University of Maryland, College Park.

"For both Mattia and I, it was heartening to see the close cooperation between the students from our two research groups," Mehta said.

Among the many next steps for this work, the researchers anticipate expanding their simulation techniques to investigate methods of controlling all eight arms in a collaborative fashion (e.g., mimicking how an octopus might work with multiple objects at once). They also hope to translate their findings into robotic prototypes for experimental testing.

"Our theoretical understanding is still an intuitive approach," Gazzola said of additional next steps. "We want to develop an automated framework so that our octopus model can learn to perform tasks on its own."
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While more is better, even moderate amounts of exercise may reduce risk for common heart condition | ScienceDaily
Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a new study shows.


						
Led by researchers at NYU Langone Health, the investigation focused on atrial fibrillation, a condition in which the heart's upper two chambers beat rapidly and irregularly instead of at a consistent pace. If left untreated, this can lead to stroke, heart failure, and other issues. While past studies have linked exercise to reduced risk of this type of arrhythmia, nearly all of these analyses have relied on the participants' often inaccurate estimates of their own activity levels, the authors say.

To avert this flaw, the current study team used data recorded from the fitness tracker Fitbit to objectively measure physical activity in more than 6,000 men and women across the United States. The results showed that those with higher amounts of weekly physical activity were less likely to develop atrial fibrillation. Notably, the researchers say, even modest amounts of moderate-to-vigorous exercise, which can range from taking a brisk walk or cleaning the house to swimming laps or jogging, were associated with reduced risk.

Specifically, study participants who averaged between 2.5 and 5 hours per week, the minimum amount recommended by the American Heart Association, showed a 60% lower risk of developing atrial fibrillation. Those who averaged greater than 5 hours had a slightly greater (65%) reduction.

"Our findings make clear that you do not need to start running marathons to help prevent atrial fibrillation and other forms of heart disease," said preventive cardiologist Sean Heffron, MD, the study senior author. "Just keeping moderately active can, over time, add up to major benefits for maintaining a healthy heart," added Heffron, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. Heffron also serves as the director of cardiovascular fitness and nutrition at NYU Langone's Center for the Prevention of Cardiovascular Disease.

Heffron notes that in the sole earlier study that used activity monitors to investigate atrial fibrillation, researchers provided Fitbit-style monitors to the participants and tracked them for only a week, which may not accurately capture their normal workout habits. The new investigation, which the authors say is the largest of its kind to date, assessed participants for a full year and included only those who already owned the devices.

A report on the findings will be presented at the annual meeting of the American Heart Association on Nov. 16.




For the study, the research team analyzed data collected as part of the All of Us program. That National Institutes of Health initiative was designed to include Americans who have historically been underrepresented in medical research, such as racial minorities, women, and those who live in rural areas. For the program, hundreds of thousands of participants completed questionnaires, gave blood samples, and had their physical measurements recorded, with their health tracked over time.

From that group, the authors of the current study assessed physical activity in the subset (6,086 people) who used a Fibit device and permitted their Fitbit and electronic health records to be linked to their All of Us data. The team tracked activity information for a year as a baseline and then followed up for another five years to identify those who were diagnosed with atrial fibrillation. The researchers also took into account factors known to contribute to the condition, such as age, sex, and history of high blood pressure. "These results highlight the value of Fitbits and similar monitors in medical research," said study lead author Souptik Barua, PhD, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. "By offering an objective way to measure exercise for years at a time, these tools can provide deeper insight into how different patterns of activity can impact health."

For example, says Barua, the research team next plans to explore whether working out in the morning or at night may have different effects on heart health.

He cautions that since many Fitbit owners in the study were college-educated white women, the investigation assessed a less-diverse group than that of the overall All of Us population. The program is now providing free devices to participants in underrepresented communities for future investigations.

Barua also cautions that the study was not designed to tell whether exercise alone directly reduced the risk of atrial fibrillation, nor to detect how that might come about or what other factors, such as income or educational status, might be in play in the reduced risk. However, the association between exercise "doses" and the development of the condition in the study participants was strong.

Study funding was provided by NYU Langone Health.
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Swirling polar vortices likely exist on the Sun | ScienceDaily
Like the Earth, the Sun likely has swirling polar vortices, according to new research led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR). But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.


						
The findings, recently published in the Proceedings of the National Academy of Sciences (PNAS), have implications for our basic understanding of the Sun's magnetism and the solar cycle, which could in turn improve our ability to predict disruptive space weather. The new research also paints a picture of what we might expect to see at the solar poles during future missions to the Sun and provides information that could be useful in planning the timing of such missions.

"No one can say for certain what is happening at the solar poles," said NSF NCAR senior scientist Mausumi Dikpati, who led the new study. "But this new research gives us an intriguing look at what we might expect to find when we are able, for the first time, to observe the solar poles."

The research was funded by NSF and NASA with supercomputing resources made available on NSF NCAR's Cheyenne and Derecho systems.

A mystery at the Sun's poles

The likely presence of some kind of polar vortices on the Sun does not come as a surprise. These spinning formations develop in fluids that surround a rotating body due to the Coriolis force, and they have been observed on the majority of planets in our solar system. On Earth, a vortex spins high in the atmosphere around both the north and south poles. When those vortices are stable, they keep frigid air locked at the poles, but when they weaken and become unstable, they allow that cold air to seep toward the equator, causing cold air outbreaks in the midlatitudes.

NASA's Juno mission returned breathtaking images of polar vortices on Jupiter, showing eight tightly packed swirls around the gas giant's north pole and five around its south. The polar vortices on Saturn, seen by NASA's Cassini spacecraft, are hexagonally shaped in the north pole and more circular in the south. These differences offer scientists clues into the makeup and dynamics of each planet's atmosphere.




Polar vortices have also been observed in Mars, Venus, Uranus, Neptune, and Saturn's moon Titan, so in some ways, the fact that the Sun (also a rotating body surrounded by a fluid) would have such features may be obvious. But the Sun is also fundamentally different from the planets and moons that possess atmospheres: the plasma "fluid" that surrounds the Sun is magnetic.

How that magnetism might influence the formation and evolution of solar polar vortices -- or whether they form at all -- is a mystery because humanity has never sent a mission into space that can observe the Sun's poles. In fact our observations of the Sun are limited to views of the face of the Sun as it points toward Earth and only offers hints at what might be transpiring at the poles.

A ring of vortices tied to the solar cycle

Since we have never observed the Sun's poles, the science team relied on computer models to fill in the blanks about what solar polar vortices might look like. What they found is that the Sun is likely to indeed have a unique pattern of polar vortices that evolves as the solar cycle unfolds and depends on the strength of any particular cycle.

In the simulations, a tight ring of polar vortices forms at around 55 degrees latitude -- the equivalent of Earth's Arctic circle -- at the same time that a phenomenon called the "rush to the poles" begins. At the maximum of each solar cycle, the magnetic field at the Sun's poles disappears and is replaced with a magnetic field of opposite polarity. This flip-flop is preceded by a "rush to the poles" when the field of opposite polarity begins to travel from about 55 degrees in latitude poleward.

After forming, the vortices head toward the poles in a tightening ring, shedding vortices as the circle closes, eventually leaving only a pair of vortices directly abutting the poles before they disappear altogether at solar maximum. How many vortices form and their configuration as they move toward the poles changes with the strength of the solar cycle.




These simulations offer a missing piece to the puzzle of how the Sun's magnetic field behaves near the poles and may help answer some fundamental questions about the Sun's solar cycles. For example, in the past many scientists have used the strength of the magnetic field that "rushes to the poles" as a proxy for how strong the upcoming solar cycle is likely to be. But the mechanism for how those things might connect, if at all, is not clear.

The simulations also offer information that may be used for planning future missions to observe the Sun. Namely, the results indicate that some form of polar vortices should be observable during all parts of the solar cycle except during the solar maximum.

"You could launch a solar mission, and it could arrive to observe the poles at completely the wrong time," said Scott McIntosh, vice president of space operations for Lynker and a co-author of the paper.

The Solar Orbiter, a cooperative mission between NASA and the European Space Agency, could give researchers their first glimpse of the solar poles, but the first look will be close to solar maximum. The authors note that a mission designed to observe the poles and to give researchers multiple, simultaneous viewpoints of the Sun could help them answer many long-held questions about the Sun's magnetic fields.

"Our conceptual boundary now is that we are operating with only one viewpoint," McIntosh said. "To make significant progress, we must have the observations we need to test our hypotheses and confirm whether simulations like these are correct."
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Was 'Snowball Earth' a global event? Study delivers best proof yet | ScienceDaily
Geologists have uncovered strong evidence from Colorado that massive glaciers covered Earth down to the equator hundreds of millions of years ago, transforming the planet into an icicle floating in space.


						
The study, led by the University of Colorado Boulder, is a coup for proponents of a long-standing theory known as Snowball Earth. It posits that from about 720 to 635 million years ago, and for reasons that are still unclear, a runaway chain of events radically altered the planet's climate. Temperatures plummeted, and ice sheets that may have been several miles thick crept over every inch of Earth's surface.

"This study presents the first physical evidence that Snowball Earth reached the heart of continents at the equator," said Liam Courtney-Davies, lead author of the new study and a postdoctoral researcher in the Department of Geological Sciences at CU Boulder.

The team will publish its findings in the Proceedings of the National Academy of Sciences. Co-authors include Rebecca Flowers, professor of geological sciences at CU Boulder, and researchers from Colorado College, the University of California, Santa Barbara and University of California, Berkeley.

The study zeroes in on the Front Range of Colorado's Rocky Mountains. Here, a series of rocks nicknamed the Tavakaiv, or "Tava," sandstones hold clues to this frigid period in Earth's past, Courtney-Davies said.

The researchers used a dating technique called laser ablation mass spectrometry, which zaps minerals with lasers to release some of the atoms inside. They showed that these rocks had been forced underground between about 690 to 660 million years ago -- in all likelihood from the weight of huge glaciers pressing down above them.

Courtney-Davies added that the study will help scientists understand a critical phase in not just the planet's geologic history but also the history of life on Earth. The first multicellular organisms may have emerged in oceans immediately after Snowball Earth thawed.




"You have the climate evolving, and you have life evolving with it. All of these things happened during Snowball Earth upheaval," he said. "We have to better characterize this entire time period to understand how we and the planet evolved together."

Searching for snow

The term "Snowball Earth" dates back to a paper published in 1992 by American geologist Joseph Kirschvink.

Despite decades of research, however, scientists are yet to agree whether the entire globe actually froze. Geologists, for example, have discovered the fingerprints of thick ice from this time period along ancient coastal areas, but not within the interior of continents close to the equator.

Which is where Colorado enters the picture. At the time, the region didn't sit at the northern latitudes where it does today. Instead, Colorado rested over the equator as a landlocked part of the ancient supercontinent Laurentia.

If glaciers formed here, scientists believe, then they could have formed anywhere.




Going deep

The search for that missing piece of the puzzle brought Courtney-Davies and his colleagues to the Tava sandstones. Today, these features poke up from the ground in a few locations along Colorado's Front Range, most notably around Pikes Peak. To the untrained eye, they might seem like ordinary-looking yellow-brown rocks running in vertical bands less than an inch to many feet wide.

But for geologists, these features have an unusual history. They likely began as sands at the surface of Colorado at some point in the past. But then forces pushed them underground -- like claws digging into the Earth's crust.

"These are classic geological features called injectites that often form below some ice sheets, including in modern-day Antarctica," Courtney-Davies said.

He wanted to find out if the Tava sandstones were also connected to ice sheets. To do that, the researchers calculated the ages of mineral veins that sliced through those features. They collected tiny samples of the minerals, which are rich in iron oxide (essentially, rust), then hit them with a laser. In the process, the minerals released small quantities of the radioactive element uranium. Because uranium atoms decay into lead at a constant rate, the team could use them as a sort of timekeeper for the planet's rocks.

It was a Eureka moment: The group's findings suggest that the Tava sandstone had been pushed underground at the time of Snowball Earth. The group suspects that, at the time, thick ice sheets formed over Colorado, exposing the sands to intense pressures. Eventually, and with nowhere else to go, they pushed down into the bedrock below.

"We're excited that we had the opportunity to unravel the story of the only Snowball Earth deposits that have so far been identified in Colorado," Flowers said.

The researchers aren't done yet: If such features formed in Colorado during Snowball Earth, they probably formed in other spots around North America, too, Courtney-Davies said:

"We want to get the word out so that others try and find these features and help us build a more complete picture of Snowball Earth."
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Super microscope shows nanoscale biological process for the first time | ScienceDaily
In Nijmegen, the world's first microscope has been installed that is capable of live imaging of biological processes in such detail that moving protein complexes are visible. This new microscopic technique was developed by researchers led by Nico Sommerdijk from Radboud university medical center. As a demonstration of this innovative technique, Sommerdijk is now showcasing how arterial calcification begins.


						
Previously, researchers faced a choice. They could use a microscope to examine material in detail down to the molecular level, but only in frozen, motionless samples. Alternatively, they could observe living, moving material, but with far less detail. Radboudumc researchers have developed a technique that combines both approaches. This opens up various new possibilities for the future, such as visualizing how the COVID-19 vaccine enters a cell or capturing the initial stages of arterial calcification.

Protection

There were many technical challenges. 'If you want to see protein complexes in such fine detail, you need an electron microscope', explains Nico Sommerdijk, Professor of Bone Biochemistry at Radboudumc. 'But the electron beam used can damage the biological material and the surrounding fluid, which is undesirable when you want to observe natural processes in the material over extended periods.'

The solution is to apply a protective layer around the material to minimize damage from the electron beam. This can be achieved with graphene, an ultra-strong substance composed of a single layer of carbon atoms. 'But as soon as you apply it, the biological process you want to capture starts immediately', Sommerdijk explains. 'And then you have to quickly reach the microscope, locate the right spot in the tissue, and set up the microscope. This process takes at least half an hour, and sometimes the process is already over by then.'

Calcification

Sommerdijk and his team devised a method to address all these challenges. They apply a layer of graphene around the tissue and freeze it immediately, pausing biological processes. Then, using a light microscope, they identify the specific area in the tissue they want to visualize. Only after determining the correct orientation is the material placed in the new electron microscope, which can perform measurements in liquid. In this setup, the material is warmed, reactivating the biological processes, which are then directly visualized on a nanoscale.

As an example of what the new technique can reveal, Sommerdijk and his team now show how calcium deposits in a form that may lead to calcification of the arteries and aortic valve. PhD candidate Luco Rutten explains: 'If there's too much calcium phosphate in the blood, a particular protein in the body can bind to it, preventing it from precipitating. The kidneys then clear it out. Under the microscope, we see that these proteins form tiny spheres with calcium phosphate, which can still be broken down. But these spheres can also grow larger, causing calcium phosphate to turn into calcified deposits, which can no longer be broken down.' This may contribute to calcification in the body.

Heart valve on a chip

Currently, no treatment exists for calcified aortic valves other than complete valve replacement. 'We still don't fully understand what exactly happens with this type of calcification, which is why there are no medications yet', says Sommerdijk. He aims to further study this with the new microscope and has recently received an ERC Advanced Grant to support this work. In this project, he plans to develop a 'heart valve on a chip'. Initially, this will be a model of a healthy valve, into which he will then introduce calcification. This project will begin in 2025.
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Compact error correction: Towards a more efficient quantum 'hard drive' | ScienceDaily
University of Sydney quantum researchers Dominic Williamson and Nouedyn Baspin have revealed a transformative new architecture for managing errors that emerge in the operation of quantum computers.


						
Their innovative theoretical approach promises to not only enhance the reliability of quantum information storage but also significantly reduce the physical computing resources needed to create 'logical qubits' (or 'quantum switches' that can perform useful calculations). This should lead to the development of a more compact "quantum hard drive."

Lead author Dr Dominic Williamson from the University of Sydney Nano Institute and School of Physics said: "There remain significant barriers to overcome in the development of a universal quantum computer. One of the biggest is the fact we need to use most of the qubits -- quantum switches at the heart of the machines -- to suppress the errors that emerge as a matter of course within the technology.

"Our proposed quantum architecture will require fewer qubits to suppress more errors, liberating more for useful quantum processing," said Dr Williamson, who is currently working for 12 months as a quantum researcher at IBM.

The study has been published in Nature Communications.

At the heart of their theoretical architecture is a three-dimensional structure that allows for quantum error correction across two-dimensions. Current error correction architecture, also constructed within a 3D system of qubits, works to reduce errors in just one dimension along a single line of connected qubits.

Error correction is performed by writing code that operates through the qubit structure, a latticework of how the 'quantum switches' are organised. The objective is to win an 'arms race' where physical qubits are used to suppress errors as they emerge, by using as few qubits as possible to reduce errors.




Dr Williamson said: "Current 3D codes in a block of dimensions L x L x L can only manage L errors. Our codes can handle errors that scale like L2 (LxL) -- a significant improvement."

It has been known for more than a decade that a three-dimensional quantum error correction architecture (LxLxL) had an upper limit of LxL, but no such codes had been discovered.

PhD student and co-author Nouedyn Baspin said: "This means that we have discovered new states of quantum matter in three dimensions that have properties never seen before."

Quantum computers promise to solve complex problems that are currently beyond the reach of classical computers. However, one of the major challenges in realising practical quantum computing is the need for robust error correction mechanisms.

Traditional quantum error correction methods, such as the widely studied surface code, have limitations in terms of scalability and resource efficiency.

Williamson and Baspin's research introduces a three-dimensional architecture that effectively manages quantum errors within two-dimensional layers. By leveraging this three-dimensional topological code, the researchers have demonstrated that it is possible to achieve optimal scaling while significantly reducing the number of physical qubits needed. This advance is crucial for the development of scalable quantum computers, as it allows for a more compact construction of quantum memory systems.

By reducing the physical qubit overhead, the findings pave the way for the creation of a more compact "quantum hard drive" -- an efficient quantum memory system capable of storing vast amounts of quantum information reliably.

Quantum theorist and Director of the University of Sydney Nano Institute, Professor Stephen Bartlett, said: "This advancement could help transform the way quantum computers are built and operated, making them more accessible and practical for a wide range of applications, from cryptography to complex simulations of quantum many-body systems."
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Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data | ScienceDaily
Much of modern life depends on the coding of information onto means of delivering it. A common method is to encode data in laser light and send it through optic cables. The increasing demand for more information capacity demands that we constantly find better ways of encoding it.


						
Researchers at Aalto University's Department of Applied Physics found a new way to create tiny hurricanes of light -- known to scientists as vortices -- that can carry information. The method is based on manipulating metallic nanoparticles that interact with an electric field. The design method, belonging to a class of geometries known as quasicrystals, was thought up by Doctoral Researcher Kristian Arjas and experimentally realised by Doctoral Researcher Jani Taskinen, both from Professor Paivi Torma's Quantum Dynamics group. The discovery represents a fundamental step forward in physics and carries the potential for entirely new ways of transmitting information.

Half order and chaos

A vortex is in this case like a hurricane that occurs in a beam of light, where a calm and dark centre is surrounded by a ring of bright light. Just like the eye of a hurricane is calm due to the winds around it blowing in different directions, the eye of the vortex is dark due to the electric field of bright light pointing to different directions on different sides of the beam.

Previous physics research has connected what kind of vortices can appear with how much symmetry there is in the structure that produces them. For example, if particles in the nanoscale are arranged in squares the produced light has a single vortex; hexagons produce a double vortex and so on. More complex vortices require at least octagonal shapes.

Now Arjas, Taskinen and the team unlocked a method for creating geometric shapes that theoretically support any kind of vortex.

"This research is on the relationship between the symmetry and the rotationality of the vortex, i.e. what kinds of vortices can we generate with what kinds of symmetries. Our quasicrystal design is halfway between order and chaos," Torma says.




Good vibrations

In their study, the group manipulated 100,000 metallic nanoparticles, each roughly the size of a hundredth of a single strand of human hair, to create their unique design. The key lay in finding where the particles interacted with the desired electric field the least instead of the most.

'An electrical field has hotspots of high vibration and spots where it is essentially dead. We introduced particles into the dead spots, which shut down everything else and allowed us to select the field with the most interesting properties for applications,' Taskinen says.

The discovery opens a wealth of future research in the very active field of topological study of light. It also represents the early steps for a powerful way of transmitting information in domains where light is needed to send encoded information, including telecommunications.

'We could, for example, send these vortices down optic fibre cables and unpack them at the destination. This would allow us to store our information into a much smaller space and transmit much more information at once. An optimistic guess for how much would be 8 to 16 times the information we can now deliver over optic fibre,' Arjas says.

Practical applications and scalability of the team's design are likely to take years of engineering. The Quantum Dynamics group at Aalto, however, have their hands full with research into superconductivity and improving organic LEDs.

The group used the OtaNano research infrastructure for nano-, micro- and quantum technologies in their pioneering study.

The research was published early November in Nature Communications.
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Einstein's equations collide with the mysteries of the Universe | ScienceDaily
Why is the expansion of our Universe accelerating? Twenty-five years after its discovery, this phenomenon remains one of the greatest scientific mysteries. Solving it involves testing the fundamental laws of physics, including Albert Einstein's general relativity. A team from the universities of Geneva (UNIGE) and Toulouse III -- Paul Sabatier compared Einstein's predictions with data from the Dark Energy Survey. Scientists discovered a slight discrepancy that varies with different periods in cosmic history. These results, published in Nature Communications, challenge the validity of Einstein's theories for explaining phenomena beyond our solar system on a universal scale.


						
According to Albert Einstein's theory, the Universe is deformed by matter, like a large, flexible sheet. These deformations, caused by the gravity of celestial bodies, are called ''gravitational wells''. When light passes through this irregular framework, its trajectory is bent by these wells, similar to the effect of a glass lens. However, in this case, it is gravity, not glass, that bends the light. This phenomenon is known as ''gravitational lensing''.

Observing it provides insights into the components, history, and expansion of the Universe. Its first measurement, taken during a solar eclipse in 1919, confirmed Einstein's theory, which predicted a light deflection twice as large as that predicted by Isaac Newton. This difference arises from Einstein's introduction of a key new element: the deformation of time, in addition to the deformation of space, to achieve the exact curvature of light.

Theory vs. Data

Are these equations still valid at the edge of the Universe? This question is being explored by many scientists seeking to quantify the density of matter in the cosmos and to understand the acceleration of its expansion. Using data from the Dark Energy Survey -- a project mapping the shapes of hundreds of millions of galaxies -- a team from the universities of Geneva (UNIGE) and Toulouse III -- Paul Sabatier is providing new insights.

''Until now, Dark Energy Survey data have been used to measure the distribution of matter in the Universe. In our study, we used this data to directly measure the distortion of time and space, enabling us to compare our findings with Einstein's predictions,'' says Camille Bonvin, associate professor in the Department of Theoretical Physics at the UNIGE Faculty of Science, who led the research.

A Slight Discrepancy

The Dark Energy Survey data allow scientists to look deep into space and, therefore, far into the past. The French-Swiss team analysed 100 million galaxies at four different points in the Universe's history: 3.5, 5, 6, and 7 billion years ago. These measurements revealed how gravitational wells have evolved over time, covering more than half of the cosmos's history.




''We discovered that in the distant past -- 6 and 7 billion years ago -- the depth of the wells aligns well with Einstein's predictions. However, closer to today, 3.5 and 5 billion years ago, they are slightly shallower than predicted by Einstein,'' reveals Isaac Tutusaus, assistant astronomer at the Institute of Research in Astrophysics and Planetology (IRAP/OMP) at Universite Toulouse III -- Paul Sabatier and the study's lead author.

It is also during this period, closer to today, that the expansion of the Universe began to accelerate. Therefore, the answer to two phenomena -- the acceleration of the Universe and the slower growth of gravitational wells -- may be the same: gravity could operate under different physical laws at large scales than those predicted by Einstein.

Challenging Einstein?

''Our results show that Einstein's predictions have an incompatibility of 3 sigma with measurements. In the language of physics, such an incompatibility threshold arouses our interest and calls for further investigations. But this incompatibility is not large enough, at this stage, to invalidate Einstein's theory. For that to happen, we would need to reach a threshold of 5 sigma. It is therefore essential to have more precise measurements to confirm or refute these initial results, and to find out whether this theory remains valid in our Universe, at very large distances,'' emphasizes Nastassia Grimm, postdoctoral researcher in the Department of Theoretical Physics at UNIGE and co-author of the study.

The team is preparing to analyse new data from the Euclid space telescope, launched a year ago. As Euclid observes the Universe from space, its measurements of gravitational lensing will be significantly more precise. Additionally, it is expected to observe about 1.5 billion galaxies within the six years of the mission. This will enable more accurate measurements of space-time distortions, allowing us to look further back in time and ultimately test Einstein's equations.
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Secret behind the corpse flower's famous stench | ScienceDaily
The unusual odor of the titan arum, commonly called the corpse flower because its scent is reminiscent of rotting flesh, draws crowds of curious visitors to greenhouses around the world during its rare blooms. What also intrigues scientists is the corpse flower's propensity for warming itself up just before blooming through a process known as thermogenesis, an uncommon trait in plants that is not well understood.


						
Now, a Dartmouth-led study looks under the hood of the corpse flower to uncover fundamental genetic pathways and biological mechanisms that drive the production of heat and odorous chemicals when the plant blooms. In a paper published Nov. 4 in PNAS Nexus, scientists led by G. Eric Schaller, professor of biological sciences, also identifies a new component of the corpse flower's odor -- an organic chemical called putrescine.

Schaller and his collaborators took advantage of several blooms of Morphy, Dartmouth's 21-year-old corpse flower housed in the Life Sciences Greenhouse, to collect tissue samples for genetic and chemical analysis.

The titan arum isn't a single flower, but a cluster of small flowers hidden within a gigantic central stalk called the spadix, which can grow up to 12 feet tall and is the plant's most striking visual feature. The plant can go years without flowering -- a 5-to-7-year interval is typical -- but when it does, it blooms overnight. "The blooms are rare and also short-lived, so we only get a small window to study these phenomena," Schaller says.

A frilly petal-like layer at the base of the spadix called the spathe unfurls to create a cup around the central stalk that is deep red or maroon on the inside. The spadix begins to heat up, rising by as much as 20 degrees Fahrenheit above the ambient temperature, followed soon after by the release of the plant's signature scent derived from a cocktail of stinky sulfur-based compounds that attract the flies and carrion beetles that help propagate the plant.

When Morphy bloomed in 2016, the researchers gathered nine tissue samples over three nights starting when the spadix temperature peaked -- from the lip and base of the spathe, and the towering spike of the spadix known as the appendix. They later added two additional leaf samples to their collection.

Alveena Zulfiqar, an exchange research scholar working in the Schaller lab at the time, figured out how to extract high-quality RNA from the tissue, enabling the team to perform RNA sequence analyses and determine the role genes play in heating up the plant and causing the odor.




"This helps us see what genes are being expressed and to see which ones are specifically active when the appendix heats up and sends out odor," says Schaller, a molecular biologist who studies how plant hormones regulate their ability to grow and respond to changes in their environment. He also moonlights as a writer of short fiction, particularly horror fiction: "The corpse flower fits well in both these worlds," he says.

Thermogenesis, or the ability to generate heat, is common in animals, but rare in plants. In animal cells, a class of proteins called uncoupling proteins interrupt the process of putting chemical energy into storage, releasing them instead as heat, Schaller says.

The RNA analysis revealed that the genes associated with the plant counterparts of these proteins, known as alternative oxidases, showed higher expression in tissues extracted when flowering began, particularly in the appendix. Also active at the time were genes involved in sulfur transport and metabolism.

To track down the mechanisms set in play by these genes, the team isolated tissues from the plant during a subsequent bloom and, working with collaborators at the University of Missouri, used a technique called mass spectrometry to identify and measure the levels of different amino acids -- molecules that make up proteins -- in them.

As predicted from their RNA analysis, they detected high levels of a sulfur-containing amino acid called methionine, a precursor to sulfur-based compounds known to vaporize easily upon heating, producing pungent odors. The levels of methionine dropped quickly in tissues extracted a few hours later.

What came as a surprise, Schaller says, was the detection of elevated levels of another amino acid in tissues taken from the spathe, which serves as a precursor for production of the compound, putrescine, an odorant found in dead animals when they begin to rot.

This study is the first to unravel the secrets of the corpse flower's stink at a molecular level, determine the processes by which the titan arum regulates temperature, and identify the roles played by different parts of the flowering cluster in creating the carrion cologne that draws pollinators.

Morphy holds more mysteries, says Schaller, who is now focused on understanding the triggers that foretell flowering and whether specimens housed together might synchronize blooms to collectively raise the odor level to draw even more pollinators.
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Asthma may place children at risk of memory difficulties | ScienceDaily
Asthma is associated with memory difficulties in children, and early onset of asthma may exacerbate memory deficits, according to a new study from the University of California, Davis. The study, the first of its kind to connect asthma to memory deficits in children, was published in Nov. 5 in JAMA Network Open.


						
"This study underscores the importance of looking at asthma as a potential source of cognitive difficulty in children. We are becoming increasingly aware that chronic diseases, not only asthma but also diabetes, heart disease and others may place children at increased risk of cognitive difficulties," said lead author Simona Ghetti, a professor of psychology in the UC Davis Center for Mind and Brain in the College of Letters and Science. "We need to understand the factors that might exacerbate or protect against the risks."

Connecting asthma to memory in children

Asthma is a chronic condition that affects the lungs. Attacks are triggered when inflammation causes the airways to tighten, making it hard to breathe. Asthma affects about 260 million people worldwide. In the United States, roughly 4.6 million children have asthma.

"Childhood is a period of rapid improvement in memory and, more generally, cognition. In children with asthma that improvement may be slower," said Nicholas Christopher-Hayes, a Ph.D. candidate in psychology at UC Davis and the study's first author.

This study included data from 2,062 children 9 to 10 years old with asthma to test how the condition might affect episodic memory and other cognitive measures. Episodic memory is a specific type of memory that makes up the stories of our lives. It's how we remember experiences and emotions, like events and the people and objects that were there.

The analysis found that children with asthma had lower scores on the episodic memory task than children without the lung condition. In a smaller sample of 473 children who were followed for two years, the research team found that children with an earlier asthma onset, who had the disease for a longer period of time, also had a slower development of memory over time.




The data from this study came from the National Institutes of Health and were collected beginning in 2015 as part of the large and ongoing Adolescent Brain Cognitive Development study of 11,800 children. The analysis compared children who shared similar characteristics and backgrounds to ascertain that the differences in memory and other outcomes were linked to asthma itself.

Avoiding long-term consequences of asthma

These memory deficits may have longer-term consequences, the researchers said. In prior studies with older adults and with animals, asthma was associated with a greater risk of dementia and Alzheimer's disease, both of which affect memory.

"Asthma might set children on a trajectory that could increase their risk to later develop something more serious like dementia as adults," said Christopher-Hayes.

While the study did not assess the mechanism responsible for memory difficulties associated with asthma, the research team cited various potential factors, such as prolonged inflammation from asthma or repeated disruptions in oxygen supply to the brain due to asthma attacks.

Research with rodents has also found that common asthma medications have a measurable effect on the hippocampus, a structure in the brain that plays a fundamental role in episodic memory for both rodents and humans.

Additional authors on this study are Sarah C. Haynes, Nicholas J. Kenyon and Julie B. Schweitzer, UC Davis School of Medicine; and Vidya Merchant, UC Davis. The study was supported by the Memory and Plasticity Program at UC Davis and by a Learning, Memory, and Plasticity Training Program Fellowship from the National Institutes of Health.
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Deep ocean clues to a million-year-old ice age puzzle revealed in new study | ScienceDaily

Many theories have been proposed for the Mid-Pleistocene Transition, and an important one is linked to a significant weakening of the Atlantic Meridional Overturning Circulation (AMOC). However, the new findings suggest an equally important but much more nuanced role for the deep ocean.

Using climate records spanning the past 1.2 million years, the team reconstructed deep ocean properties that are crucial for understanding the ocean's flow and carbon sequestration capabilities. "The deep ocean is enormous, especially when considering its capacity to store carbon dioxide (CO2) compared to the atmosphere," said lead author Dr. Sophie Hines, an Assistant Scientist at WHOI. "Even a modest change in ocean circulation could significantly impact global climate."

The researchers analyzed sediment core samples collected during the International Ocean Discovery Program (IODP) Expedition 361 near Cape Town, South Africa. By studying carbon and oxygen from fossils of single-celled organisms called foraminifera and isotopes of neodymium, the team uncovered details about the changes in deep ocean temperature and salinity, as well as the mixing histories of waters originating in both the northern and southern hemispheres.

Dr. Sidney Hemming, the Arthur D. Storke Memorial Professor of Earth and Environmental Sciences atthe Lamont-Doherty Earth Observatory and co-chief scientist on the expedition, said, "Crucially, we show that shifts in different deep ocean properties are not always coincident. With our more highly resolved multi-proxy record that includes transitional intervals, we find that ice age intensification was influenced primarily by changes around Antarctica."

It is suggested that as the Antarctic Ice Sheet expanded, it enhanced the ocean's capacity to store carbon, leading to lower atmospheric CO2 levels, colder climates, and prolonged ice age cycles.

Dr. Hines added, "Our research sheds light on the intricate interplay between ocean dynamics and climate change, underscoring the significance of the Southern Ocean in understanding our planet's climate history."

Recent studies stress the urgency of anthropogenic climate change, particularly in relation to reductions in the AMOC. As the Southern Ocean continues to warm at an alarming rate, understanding its dynamics is critical. The Southern Ocean plays a pivotal role in regulating global climate patterns, and its changes could have significant implications for ecosystems and weather systems worldwide.
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New insights into the Denisovans: New hominin group that interbred with modern day humans | ScienceDaily
Scientists believe individuals of the most recently discovered "hominin" group (the Denisovans) that interbred with modern day humans passed on some of their genes via multiple, distinct interbreeding events that helped shape early human history.


						
In 2010, the first draft of the Neanderthal genome was published, and comparisons with modern human genomes revealed that Neanderthal and modern humans had interbred in the past. A few months later, analysis of a genome sequenced from a finger bone excavated in the Denisova cave in the Altai mountains in Siberia revealed that this bone fragment was from a newly discovered hominin group that we now call Denisovans, who also interbred with modern humans.

"This was one of the most exciting discoveries in human evolution in the last decade," said Dr Linda Ongaro, Postdoctoral Research in Trinity College Dublin's School of Genetics and Microbiology, and first author of a fascinating new review article published in leading international journal Nature Genetics. 

"It's a common misconception that humans evolved suddenly and neatly from one common ancestor, but the more we learn the more we realise interbreeding with different hominins occurred and helped to shape the people we are today.

"Unlike Neanderthal remains, the Denisovan fossil record consists of only that finger bone, a jawbone, teeth, and skull fragments. But by leveraging the surviving Denisovan segments in Modern Human genomes scientists have uncovered evidence of at least three past events whereby genes from distinct Denisovan populations made their way into the genetic signatures of modern humans."

Each of these presents different levels of relatedness to the sequenced Altai Denisovan, indicating a complex relationship between these sister lineages.

In the review article, Dr Ongaro and Prof. Emilia Huerta-Sanchez outline evidence suggesting that several Denisovan populations, who likely had an extensive geographical range from Siberia to Southeast Asia and from Oceania to South America, were adapted to distinct environments.

They further outline a number of genes of Denisovan origin that gave modern day humans advantages in their different environments.

Dr Ongaro added: "Among these is a genetic locus that confers a tolerance to hypoxia, or low oxygen conditions, which makes a lot of sense as it is seen in Tibetan populations; multiple genes that confer heightened immunity; and one that impacts lipid metabolism, providing heat when stimulated by cold, which confers an advantage to Inuit populations in the Arctic.

"There are numerous future directions for research that will help us tell a more complete story of how the Denisovans impacted modern day humans, including more detailed genetic analyses in understudied populations, which could reveal currently hidden traces of Denisovan ancestry. Additionally, integrating more genetic data with archaeological information -- if we can find more Denisovan fossils -- would certainly fill in a few more gaps."
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Scarlet Macaw parents 'play favorites,' purposefully neglect younger chicks | ScienceDaily
Scarlet macaws are a symbol of fidelity and virtue to many people because they are thought to mate for life -- but it turns out that they also "play favorites" when feeding their young, making them excellent mates, but neglectful parents.


						
Fortunately, Texas A&M scientists have developed a way to ensure the birds' bad parenting results in fewer chick deaths.

Researchers at the College of Veterinary Medicine and Biomedical Sciences have discovered that scarlet macaws purposefully neglect feeding the youngest chicks in most broods, even when resources are plentiful. This results in only one or two chicks being able to fledge -- the process in which parents teach their young to fly and survive on their own -- even though broods may contain up to four chicks.

"Scientists have known for years that scarlet macaws hatch more chicks than they fledge," said Dr. Donald Brightsmith, a professor in the VMBS' Department of Veterinary Pathobiology. "We found that 26% of second chicks in scarlet macaw broods and nearly all third and fourth chicks die before fledging.

"We tested several theories as to why these younger chicks don't survive, and we found that it's not sibling rivalry or a lack of food. The parents just stop feeding certain chicks, so they starve to death," he said.

The deciding factor appears to be the difference in chick ages.

"Scarlet macaws lay eggs over a period of several days instead of all at once, which means the chicks don't hatch on the same day," said Dr. Gabriela Vigo-Trauco, a post-doctoral researcher with the Schubot Center for Avian Health, who led the project. "If the second chick hatches only a couple of days after the first, there is a good chance that the parents will feed it. However, if it hatches four, five, or more days after the first chick, the parents will probably neglect it and let it die."

The researchers, who recently published their study in the journal Diversity, suspect that when chicks are young and hatch four or more days apart, they begin to need different types of parental care. For example, some chicks need feeding while others are still incubating, which contributes to the high rates of neglect and starvation.




Armed with this knowledge, the team has developed a method to save neglected chicks by giving them macaw "foster parents."

"Thankfully, scarlet macaws are not endangered or threatened, but there are many parrot species that are," Brightsmith said. "We hope that this foster program will be used to help save the populations of endangered parrot species."

Understanding Brood Reduction

Brood reduction, or eliminating chicks after they hatch, is a common practice among birds.

"Some species of seabirds, like boobies, gulls, and pelicans, have a high degree of sibling rivalry that can lead to death," Vigo-Trauco said. "Eagles, falcons and other species are known to attack and kill their own chicks. Often, parents target the smaller chicks, which are usually younger."

For scarlet macaws, starvation is the cause of 45% of all chick deaths; chicks that hatch third or fourth in a brood always die.




"We wanted to understand what was causing 26% of second chicks to die of starvation," Brightsmith said. "Scientists often point the finger at a lack of resources in the environment, but if it's about conserving resources, then why do scarlet macaws lay so many eggs?"

To rule out lack of resources, Gustavo Martinez, a member of the research team, marked and monitored trees to estimate the amount of fruit -- scarlet macaws' main source of food -- in the forests of the Tambopata National Reserve in Peru where the study was conducted.

"Once a month for several years, he would go out and check about 1,300 trees for fruit and flowers," Brightsmith said. "Looking at the data, we can tell that there were times when food scarcity forced macaws to forgo breeding for a season, but we couldn't find any association with chick starvation."

Catching Macaws In The Act

To see what was happening in scarlet macaw nests, the researchers installed cameras in nest boxes at the Tambopata National Reserve in Peru. For 10 years, they captured video segments showing what was happening to the chicks.

They also accessed the nests and manually checked which chicks had received food, which was how they determined that some chicks were intentionally being starved.

"Scarlet macaws have a food sac on their necks called a crop, and in chicks it's very easy to see when it's full of food," Brightsmith said. "We caught video of female macaws trying to over-feed their oldest chicks while the third chick would be running slowly around the base of the nest with an empty crop, begging for food.

"What's more, the chicks at that age can't regulate their own body temperature, so they need to be in the nest. We saw that the mother won't even share her body heat with her dying offspring," he said. "As scientists, we try not to do what's called anthropomorphizing -- attaching human ideas about morality to animals. But it's hard to watch that and not think of it as parental abuse."

The "abusive behavior" goes even further -- but it seems that macaw parents aren't always on the same page.

"Sometimes the female macaw will start to bury a chick that she's decided not to feed by kicking nest substrate on top of it," Brightsmith said. "But then the father will come home and unbury the chick and feed it. So, they're not always in agreement, which makes the whole process even more complex."

Saving Neglected Chicks

While scarlet macaws have some questionable parenting techniques for their own hatchlings, the good news is they also make excellent foster families for neglected chicks.

As part of her doctoral research, Vigo-Trauco developed a program for saving neglected chicks. The chicks are raised in captivity for a few weeks before being placed in the nests of macaws with chicks at a similar developmental stage or that have lost all their chicks to predation.

The program effectively eliminates the need for different types of parental care and allows the foster parents to raise chicks that would have starved.

"The key to success is making sure that the chicks all look about the same size," she said. "This encourages the new parents to take care of the foster chick as if it were their own."

While the macaws seem to notice that something is different, that doesn't stop them from adopting the foster chick.

"We see them on camera as they land on the nest box, look in, and then look around like they're thinking, 'Did I walk into the wrong house?' It's kind of hilarious," Brightsmith said. "They turn their heads sideways to get a good look at the new chick, think about it for a moment, and then start to feed them."

The foster chick program, published in Diversity in 2021, successfully re-homed 28 chicks over the course of three breeding seasons.

"Parrots are one of the most endangered groups of birds in the world," Brightsmith said. "We hope that this program, and the understanding of brood reduction behind it, can assist with the conservation of a broad array of parrot species across the tropics."
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Elephant turns a hose into a sophisticated showering tool | ScienceDaily
Tool use isn't unique to humans. Chimpanzees use sticks as tools. Dolphins, crows, and elephants are known for their tool-use abilities, too. Now a report in the Cell Press journal Current Biology on November 8, 2024, highlights elephants' remarkable skill in using a hose as a flexible shower head. As an unexpected bonus, researchers say they also have evidence that a fellow elephant knows how to turn the water off, perhaps as a kind of "prank."


						
"Elephants are amazing with hoses," says Michael Brecht of the Humboldt University of Berlin, one of the senior authors. "As it is often the case with elephants, hose tool use behaviors come out very differently from animal to animal; elephant Mary is the queen of showering."

The researchers made the discovery after the paper's other senior author Lena Kaufmann, also of Humbolt University of Berlin, witnessed the Asian elephant Mary at the Berlin Zoo showering one day and captured it on film. She took it back to her colleagues who were immediately impressed. First study author Lea Urban decided to analyze the behavior in more detail.

"I had not thought about hoses as tools much before, but what came out from Lea's work is that elephants have an exquisite understanding of these tools," Brecht says.

The researchers found that Mary systematically showers her body, coordinating the water hose with her limbs. She usually grasps the hose behind its tip to use it as a stiff shower head. To reach her back, she switches to a lasso strategy, grasping the hose farther up and swinging it over her body. When presented with a larger and heavier hose, Mary used her trunk to wash instead of the bulkier and less useful hose.

The researchers say that the findings offer a new example of goal-directed tool use. But what surprised them most was the way fellow Asian elephant Anchali reacted during Mary's showering.

The two elephants showed aggressive interactions around showering time, the researchers say. At one point, Anchali started pulling the hose toward herself and away from Mary, lifting and kinking it to disrupt water flow. While they can't be sure of Anchali's intentions, it looked a lot like the elephant was displaying a kind of second order tool use behavior, disabling a tool in more conventional use by a fellow elephant, perhaps as an act of sabotage.




"The surprise was certainly Anchali's kink-and-clamp behavior," Brecht says. "Nobody had thought that she'd be smart enough to pull off such a trick."

In fact, he reports plenty of debate in the lab about Anchali's behavior and what it meant. Then, they saw Anchali find another way to disrupt Mary's shower. In this case, Anchali did what the researchers refer to as a trunkstand to stop the water flow. For this feat, Anchali places her trunk on the hose and then lowers her massive body onto it.

Brecht explains that the elephants are well trained not to step on hoses, lest the keepers scold them. As a result, he says, they almost never do that. The researchers suspect that's why Anchali has come up with more challenging workarounds to stop the water from flowing during Mary's showers.

"When Anchali came up with a second behavior that disrupted water flow to Mary, I became pretty convinced that she is trying to sabotage Mary," Brecht said.

The findings come as a reminder of elephants' extraordinary manipulative skill and tool use, made possible by the grasping ability of their trunks. The researchers say they now wonder what the findings in zoo elephants mean for elephants in their natural environments.

"Do elephants play tricks on each other in the wild?" Brecht asked. "When I saw Anchali's kink and clamp for the first time, I broke out in laughter. So, I wonder, does Anchali also think this is funny, or is she just being mean?"

This research was funded by the European Research Council.

Video in journal article: https://www.cell.com/current-biology/fulltext/S0960-9822(24)01371-X
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Chimpanzees perform better on challenging computer tasks when they have an audience | ScienceDaily
When people have an audience watching them, it can change their performance for better or worse. Now, researchers reporting in the Cell Press journal iScience on November 8 have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this "audience effect" predates the development of reputation-based human societies, the researchers say.


						
"It was very surprising to find that chimpanzees are affected in their task performance by audience members, and by human audience members nonetheless!" says Christen Lin of Kyoto University in Japan. "One might not expect a chimp to particularly care if another species is watching them perform a task, but the fact that they seem to be affected by human audiences even depending on the difficulty of the task suggests that this relationship is more complex than we would have initially expected."

The researchers, including Shinya Yamamoto and Akiho Muramatsu, wanted to find out if the audience effect, often attributed in humans to reputation management, might also exist in a non-human primate. People, they knew, pay attention to who is watching them, sometimes even subconsciously, in ways that affect their performance. While chimps live in hierarchical societies, it wasn't clear to what extent they, too, might be influenced by those watching them.

"Our study site is special in that chimpanzees frequently interact with and even enjoy the company of humans here, participating almost daily in various touch screen experiments for food rewards," Muramatsu says. "As such, we saw the opportunity to not only explore potential similarities in audience-related effects but also to do so in the context of chimps that share unique bonds with humans."

The researchers made the discovery after analyzing thousands of sessions in which chimpanzees completed a touch screen task over six years. They found in three different number-based tasks that chimpanzees performed better on the most difficult task as the number of experimenters watching them increased. In contrast, they also found that, for the easiest task, chimpanzees performed worse when being watched by more experimenters or other familiar people.

The researchers note that it remains unclear what specific mechanisms underlie these audience-related effects, even for humans. They suggest that further study in non-human apes may offer more insight into how this trait evolved and why it developed.

"Our findings suggest that how much humans care about witnesses and audience members may not be quite so specific to our species," Yamamoto says. "These characteristics are a core part of how our societies are largely based on reputation, and if chimpanzees also pay special attention towards audience members while they perform their tasks, it stands to reason that these audience-based characteristics could have evolved before reputation-based societies emerged in our great ape lineage."
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New study maps dramatic 100-million-year explosion in color signals used by animals | ScienceDaily
Colors are widely used in communication within and among animal species. For example, peacocks proudly display their vibrant tails, adorned with iridescent eyespots, to attract peahens for courtship. This is a classic example of sexual selection using color signaling. Conspicuous colors are also displayed by toxic animal species, including many venomous snakes and the brilliantly colored poison frogs of Central and South America, as a warning to potential predators.


						
A recent study by University of Arizona researchers analyzed the evolutionary timeline of color vision in animals and the different functions of "conspicuous colors" in animals and plants. Conspicuous colors include colors like red, yellow, orange, blue and purple, which stand out against most backgrounds.

Based on statistical analysis, the study found that color vision evolved in animals more than 100 million years before the emergence of colorful fruits and flowers. The study, led by John J. Wiens, professor in U of A Department of Ecology and Evolutionary Ecology, is published in the journal Biological Reviews.

The study focuses on two different types of color signals that animals use -- warning and sexual. It also analyzes the color signals that plants use for flowers and fruits.

In plants, conspicuous colors have two main functions, Wiens said: for fruits, to disperse the seeds; for flowers, to distribute pollen.

"We wanted to know when bright coloration evolved and what was the purpose of that coloration. That's largely why we pursued this study," said Zachary Emberts, study co-author and an assistant professor of integrative biology at Oklahoma State University. Emberts was a postdoctoral scholar at the U of A when the study was conducted.

Color vision in animals evolved about 500 million years ago, while colorful fruits appeared around 350 million years ago and colorful flowers about 200 million years ago, Wiens said.




Weins said warning color signals emerged before sexual color signals -- around 150 million years ago. Sexual color signals emerged about 100 million years ago.

"There has been a dramatic explosion of both warning and sexual color signals in the last 100 million years," Wiens said.

This is despite the fact that color vision evolved about 400 million years earlier. The exact reason behind the explosion is unknown. But the research team identified three key groups that likely drove the explosion in warning signals: ray-finned fishes in marine environments, and birds and lizards on land.

Wiens said warning color signals are much more widespread among animals than sexual signals, which are confined to arthropods and vertebrates.

"Warning signals are at least five times more widespread. That's the overall pattern," Wiens said.

Warning color signals may be so widespread because the colorful animal doesn't need to have color vision itself in order to signal other animals of danger. In fact, species with warning color signals don't even need well-developed eyes.

But when it comes to sexual color signals, males and females need to have advanced vision to signal each other using color cues. That is why sexual signals are exhibited only in two groups of animals that have eyes: vertebrates, which include fish, amphibians, mammals, birds and reptiles, and arthropods, such as insects and spiders.

"In the future, it would be even more interesting to study what drives the ability of animals to see specific colors like red or blue," Emberts said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241107193216.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Memories are not only in the brain, new research finds | ScienceDaily
It's common knowledge that our brains -- and, specifically, our brain cells -- store memories. But a team of scientists has discovered that cells from other parts of the body also perform a memory function, opening new pathways for understanding how memory works and creating the potential to enhance learning and to treat memory-related afflictions.


						
"Learning and memory are generally associated with brains and brain cells alone, but our study shows that other cells in the body can learn and form memories, too," explains New York University's Nikolay V. Kukushkin, the lead author of the study, which appears in the journal Nature Communications.

The research sought to better understand if non-brain cells help with memory by borrowing from a long-established neurological property -- the massed-spaced effect -- which shows that we tend to retain information better when studied in spaced intervals rather than in a single, intensive session -- better known as cramming for a test.

In the Nature Communications research, the scientists replicated learning over time by studying two types of non-brain human cells in a laboratory (one from nerve tissue and one from kidney tissue) and exposing them to different patterns of chemical signals -- just like brain cells are exposed to patterns of neurotransmitters when we learn new information. In response, the non-brain cells turned on a "memory gene" -- the same gene that brain cells turn on when they detect a pattern in the information and restructure their connections in order to form memories.

To monitor the memory and learning process, the scientists engineered these non-brain cells to make a glowing protein, which indicated when the memory gene was on and when it was off.

The results showed that these cells could determine when the chemical pulses, which imitated bursts of neurotransmitter in the brain, were repeated rather than simply prolonged -- just as neurons in our brain can register when we learn with breaks rather than cramming all the material in one sitting. Specifically, when the pulses were delivered in spaced-out intervals, they turned on the "memory gene" more strongly, and for a longer time, than when the same treatment was delivered all at once.

"This reflects the massed-space effect in action," says Kukushkin, a clinical associate professor of life science at NYU Liberal Studies and a research fellow at NYU's Center for Neural Science. "It shows that the ability to learn from spaced repetition isn't unique to brain cells, but, in fact, might be a fundamental property of all cells."

The researchers add that the findings not only offer new ways to study memory, but also point to potential health-related gains.




"This discovery opens new doors for understanding how memory works and could lead to better ways to enhance learning and treat memory problems," observes Kukushkin. "At the same time, it suggests that in the future, we will need to treat our body more like the brain -- for example, consider what our pancreas remembers about the pattern of our past meals to maintain healthy levels of blood glucose or consider what a cancer cell remembers about the pattern of chemotherapy."

The work was jointly supervised by Kukushkin and Thomas Carew, a professor in NYU's Center for Neural Science. The study's authors also included Tasnim Tabassum, an NYU researcher, and Robert Carney, an NYU undergraduate researcher at the time of the study.

This research was supported by a grant from the National Institutes of Health (R01-MH120300-01A1).
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DNA evidence rewrites story of people buried in Pompeii eruption | ScienceDaily
Researchers from the University of Florence, Harvard University and the Max Planck Institute for Evolutionary Anthropology in Leipzig have used ancient DNA to challenge long-held interpretations of the people of Pompeii. Contrary to physical appearances, the DNA evidence revealed unexpected variations in gender and kinship, revising the story as written since 1748. The genetic data also underlined the cosmopolitan nature of the Roman Empire, showing that Pompeians were mainly descended from immigrants from the eastern Mediterranean.


						
In 79 AD, Mount Vesuvius experienced one of its most significant eruptions, burying the Roman city of Pompeii and its inhabitants under a thick layer of small stones and ash known as lapilli. Many of Pompeii's inhabitants lost their lives as their homes collapsed under the weight of the lapilli raining down from many kilometres above. Those who survived the initial phase of the eruption eventually succumbed to the dangerous pyroclastic flows. This fast-moving stream of hot gas and volcanic matter instantly enveloped their bodies in a solid layer of ash, effectively preserving their bodies, including their features.

Since the 1800s, casts had been made by pouring plaster into the voids left by these bodies after their decay. The research team extracted DNA from the heavily fragmented skeletal remains embedded in 14 of the 86 famous casts undergoing restoration. This extraction process allowed them to accurately establish genetic relationships, determine sex and trace ancestry. Interestingly, their findings largely contradicted previous assumptions based solely on physical appearance and the positioning of the casts.

Genetic relationships of victims revisited

"This research shows how genetic analysis can significantly add to the stories constructed from archaeological data," says Professor David Caramelli, from the Department of Anthropology at the University of Florence. "The findings challenge enduring notions such as the association of jewellery with femininity or the interpretation of physical proximity as evidence of familial relationships." "Moreover," Caramelli adds, "the genetic evidence adds a layer of complexity to simple kinship narratives. For example, in the House of the Golden Bracelet, the only site where we have genetic information from multiple individuals, the four people traditionally thought to be the two parents and their children actually have no genetic ties to each other."

"The scientific data we provide do not always align with common assumptions," says David Reich of Harvard University. "For instance, one notable example is the discovery that an adult wearing a golden bracelet and holding a child, traditionally interpreted as a mother and child, were an unrelated adult male and child. Similarly, a pair of individuals thought to be sisters, or mother and daughter, were found to include at least one genetic male. These findings challenge traditional gender and familial assumptions."

Cosmopolitan nature of the Roman Empire

The genetic data also provided information about the ancestry of the Pompeians, who had different genomic backgrounds. The finding that they were mainly descended from recent immigrants from the eastern Mediterranean highlights the cosmopolitan nature of the Roman Empire.




"Our findings have significant implications for the interpretation of archaeological data and the understanding of ancient societies," says Alissa Mittnik of the Max Planck Institute for Evolutionary Anthropology. "They highlight the importance of integrating genetic data with archaeological and historical information to avoid misinterpretations based on modern assumptions. This study also underscores the diverse and cosmopolitan nature of Pompeii's population, reflecting broader patterns of mobility and cultural exchange in the Roman Empire."

"It is also likely that the use of these casts for narration purposes could have led to past restorers modifying their postures and placements," adds David Caramelli. "The combined use of genetic data and other bioarchaeological methods provides us with the chance to better comprehend the lives and habits of the victims of the Vesuvius eruption."

Gabriel Zuchtriegel, Director of the Pompeii Park, says, "The Pompeii Park has been including ancient DNA analysis in its study protocols for years, not only for human victims, but also for animal victims." He explains that the Park manages a variety of research projects through its own laboratory. These include isotopic analysis, diagnostics, geology, volcanology and, in particular, reverse engineering. He stresses that "all these elements together contribute to a comprehensive, updated interpretation of the archaeological findings. These efforts are turning Pompeii into a veritable incubator for the development of new methods, resources and scientific comparisons." Zuchtriegel concludes: "From this point of view, this study marks a true change in perspective, in which the site itself plays a central role in advancing archaeology and research."
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Astrophysicists use echoes of light to illuminate black holes | ScienceDaily
A team of astrophysicists, led by scholars from the Institute for Advanced Study, has developed an innovative technique to search for black hole light echoes. Their novel method, which will make it easier for the mass and the spin of black holes to be measured, represents a major step forward, since it operates independently of many of the other ways in which scientists have probed these parameters in the past.


						
The research, published today in The Astrophysical Journal Letters, introduces a method that could provide direct evidence of photons circling black holes due to an effect known as "gravitational lensing."

Gravitational lensing occurs when light passes near a black hole and its path is bent by the black hole's strong gravitational field. The effect allows the light to take multiple paths from a source to an observer on Earth: some light rays might follow a direct route while others could loop around the black hole once -- or multiple times -- before reaching us. This means that light from the same source can arrive at different times, resulting in an "echo."

"That light circles around black holes, causing echoes, has been theorized for years, but such echoes have not yet been measured," says the study's lead author, George N. Wong, Frank and Peggy Taplin Member in the Institute's School of Natural Sciences and Associate Research Scholar at the Princeton Gravity Initiative at Princeton University. "Our method offers a blueprint for making these measurements, which could potentially revolutionize our understanding of black hole physics."

The technique allows the faint echo signatures to be isolated from the stronger direct light captured by well-known interferometric telescopes, such as the Event Horizon Telescope. Both Wong and one of his co-authors, Lia Medeiros, Visitor in the Institute's School of Natural Sciences and NASA Einstein Fellow at Princeton University, have worked extensively as part of the Event Horizon Telescope Collaboration.

To test their technique, Wong and Medeiros, working alongside James Stone, Professor in the School of Natural Sciences, and Alejandro Cardenas-Avendano, Feynman Fellow at Los Alamos National Laboratory and former Associate Research Scholar at Princeton University, ran high-resolution simulations which took tens of thousands of "snapshots" of light traveling around a supermassive black hole akin to that at the center of the M87 galaxy (M87*), which is located around 55 million light-years away from Earth. Using these simulations, the team demonstrated that their method could directly infer the echo delay period in the simulated data. They believe that their technique will be applicable to other black holes, in addition to M87*.

"This method will not only be able to confirm when light orbiting a black hole has been measured, but will also provide a new tool for measuring the black hole's fundamental properties," explains Medeiros.




Understanding these properties is important. "Black holes play a significant role in shaping the evolution of the universe," says Wong. "Even though we often focus on how black holes pull things in, they also eject large amounts of energy into their surroundings. They play a major role in the development of galaxies, affecting how, when, and where stars form, and helping to determine how the structure of the galaxy itself evolves. Knowing the distribution of black hole masses and spins, and how the distribution changes over time, greatly enhances our understanding of the universe."

Measuring the mass or spin of a black hole is tricky. The nature of the accretion disk, namely the rotating structure of hot gas and other matter spiraling inward towards a black hole, can "confuse" the measurement, Wong notes. Light echoes provide an independent measurement of the mass and spin, however, and having multiple measurements allows us to produce an estimate for those parameters "that we can really believe in," states Medeiros.

Detecting light echoes might also enable scientists to better test Albert Einstein's theories of gravity. "Using this technique, we might find things that make us think 'hey, this is weird!'" adds Medeiros. "The analysis of such data could help us to verify whether black holes are indeed consistent with general relativity."

The team's results suggest that it may be possible to detect echoes with a pair of telescopes -- one on Earth and one in space -- working together to perform what can be described as "very long baseline interferometry." Such an interferometric mission need only be "modest," states Wong. Their technique provides a tractable, practical method to gather important, reliable information about black holes.
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How plants grow thicker, not just taller | ScienceDaily
Using a computer model that reveals how plants grow thicker over time, biologists have uncovered how cells are activated to produce wood tissue. Understanding the genetic and molecular signals behind this growth, they hope to advance forestry practices and CO2 storage in trees. The researchers, including Kirsten ten Tusscher from Utrecht University, publish their results today in Science.


						
Most research on plant stem cells focuses on the tips of roots and shoots, where growth occurs in height. But Ten Tusscher explains that thickness growth is just as essential. "Plants can't grow endlessly in height. They also need to grow in thickness, or they would simply fall over," she says. The growth in thickness, is what makes older trees visibly thicker and more robust over time. This growth is essential for structural strength, particularly in trees.

Stem cells in the plant's cambium layer control this width growth, producing wood to support the plant's structure. However, which genes enable these cambium stem cells to become active and how this is controlled remained unclear -- until now.

Fundamental insights

Biologist Kirsten Ten Tusscher and her team developed a computer model that played a central role in this international study, which brought together scientists from Utrecht University and the University of Helsinki, Durham University, and the University of California. Her computer model provided fundamental insights, supporting lab results from the other team members as well as providing important predictions.

Computer model simulates wood formation

Ten Tusscher's model explores how specific genes "switch on" cambium stem cells as the plant develops, allowing for wood formation. While genes for height growth have been studied before, this is the first model to examine genes that control thickness growth and what determines where these genes are switched on.




From the model's output, Ten Tusscher's team found that thickness growth is controlled by overlapping gradients of specific chemical signals within the cambium layer. These gradients intersect to form a precise zone where stem cells are "switched on," guiding them to produce wood tissue. This interaction ensures that wood formation occurs steadily throughout the plant's life, providing the structural strength and stability needed to support height growth.

Model plant

The computer model revolves around the small plant Arabidopsis, a species studied extensively by biologists worldwide to gain knowledge about plant growth in general. The model shows how cambium stem cells are activated and maintained, enabling continuous growth in thickness throughout a plant's life.

Improving forestry and CO2 storage

Understanding thickness growth isn't just a scientific milestone; it could lead to real-world applications in forestry and climate action. A deeper learning about plant growth is especially relevant for forestry, particularly in Finland, where forests play a major role in the economy, says Ten Tusscher.

"If you fully understand plant growth, and develop a tree that grows twice as fast in thickness, it's a great benefit for more sustainable timber industry," says Ten Tusscher. "It's also advantageous for climate efforts, as faster-growing trees can store more CO?. Perhaps, it could even help researchers tune thickness growth in crops for better agricultural yield."
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        Organ donation: Opt-out defaults do not increase donation rates, study finds
        A recent study shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors.

      

      
        Children's gut bacteria may hold the key to diarrhea treatment
        Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.

      

      
        Early detection, intensive treatment critical for high-risk patients with Kawasaki Disease
        A new scientific statement highlights new clinical data related to diagnosis, risk classification and treatment, emphasizing the need for tailored management strategies.

      

      
        An advance toward inhalable mRNA medications, vaccines
        Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.

      

      
        A step toward safer X-rays with new detector technology
        X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers have taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.

      

      
        New guideline provides treatment recommendations for restless legs syndrome
        A new clinical practice guideline provides updated recommendations for the treatment of restless legs syndrome. The guideline reflects the latest scientific evidence and recommends significant changes in the standard treatment of RLS in adults.

      

      
        Does AI improve doctors' diagnoses? Study puts it to the test
        Hospitals are already deploying artificial intelligence (AI) to enhance patient care. But can it actually improve doctors' diagnoses? A new study has surprising answers.

      

      
        New genetic changes linked to testicular cancer offer fresh insights into the disease and its treatment
        Scientists have identified new gene faults and evolutionary patterns contributing to testicular cancer. Their findings offer profound insights into the development of the disease and into potential treatment strategies. Among the key findings are: New potential cancer drivers in testicular cancer, including drivers specific to certain subtypes, which may help stratify patients based on their tumor characteristics A reconstruction of evolutionary trajectories of genome alterations and probable pro...

      

      
        Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease
        A research team reported recently that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

      

      
        Cell aging in one organ can snowball into multi-organ failure
        The aging and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.

      

      
        New discovery may lead to more effective treatment for cardiovascular disease
        Researchers have identified a new target to treat atherosclerosis, a condition where plaque clogs arteries and causes major cardiac issues, including stroke and heart attack.

      

      
        Key influenza-severity risk factor found hiding in plain sight on our antibodies
        Why do some people develop severe flu symptoms? A study points the finger at an unsung portion of the antibodies our immune systems generate to fend off invading pathogens.

      

      
        We may be overestimating the association between gut bacteria and disease, machine learning study finds
        Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.

      

      
        In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery
        Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains.The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin. Researchers say it has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas.

      

      
        How to reduce social media stress by leaning in instead of logging off
        Young people's mental health may depend on how they use social media, rather than how much time they spend using it. Psychology researchers tried an experiment with three groups. They asked one group to stay off social media. They taught another group how to use it more constructively. The third group stuck with their usual routine. The group that stayed away, AND the group that used it differently, both reported improvements in their mental health.

      

      
        From pets to pests: Researchers explore new tool to fight disease-carrying insects
        Researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.

      

      
        Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging
        Completely artificial proteins that produce bioluminescence can serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more.

      

      
        New study links air pollution with higher rates of head and neck cancer
        A recent study correlates higher levels of pollutant particulate matter to higher occurrences of head and neck aerodigestive cancer.

      

      
        Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills
        Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships, according to new research.

      

      
        Updated guidance reaffirms CPR with breaths essential for cardiac arrest following drowning
        The American Heart Association and the American Academy of Pediatrics update recommendations for untrained lay rescuers and trained rescuers resuscitating adults and children who have drowned.

      

      
        Lab-grown human immune system uncovers weakened response in cancer patients
        These miniature immune system models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

      

      
        Time alone heightens 'threat alert' in teenagers -- even when connecting on social media
        Scientists detect a heightened 'threat vigilance' reaction in adolescents after a few hours of isolation, which socializing online doesn't appear to ameliorate. They say the findings might shed light on the link between loneliness and mental health conditions such as anxiety disorders, which are on the rise in young people.

      

      
        Immunotherapy drug pembrolizumab improves outcomes for patients with soft tissue sarcoma
        Addition of the immunotherapy drug pembrolizumab to standard of care for patients with advanced soft tissue sarcoma of the limb significantly improved disease-free survival, according to the results of the SU2C-SARC032 clinical trial.

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Novel calculator predicts risk of epilepsy after rare stroke
        A practical calculator predicts the risk of epilepsy after venous stroke. The aim is to improve care for those affected, which are predominantly young adults.

      

      
        Glioblastoma: New treatment attacks brain tumors from multiple angles
        Glioblastoma is the most common kind of malignant brain tumor in adults. So far, no treatment has been able to make this aggressive tumor permanently disappear. The tumor cells are too varied, and the microenvironment is too tumor-friendly. Researchers have now developed an immunotherapy that not only attacks the tumor -- it also turns its microenvironment against it.

      

      
        Debunked: Children aren't quicker at picking up new motor skills than adults
        Contrary to popular belief, children aren't better at learning new skills than adults. Indeed, young adults seem to learn faster than kids -- but also tend to forget more quickly. Here, better sleep seems to advantage children.

      

      
        'Moonlighting' enzymes can lead to new cancer therapies
        Researchers reveal that metabolic enzymes known for their roles in energy production and nucleotide synthesis are taking on unexpected 'second jobs' within the nucleus, orchestrating critical functions like cell division and DNA repair. The discovery not only challenges longstanding biological paradigms in cellular biology but also opens new avenues for cancer therapies, particularly against aggressive tumours like triple-negative breast cancer (TNBC).

      

      
        One genomic test can diagnose nearly any infection
        A genomic test developed by researchers to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.

      

      
        Blood vessel-like coating could make medical devices safer for patients
        Researchers have developed a groundbreaking coating that could make medical devices safer for millions of patients, reducing the risks associated with blood clots and dangerous bleeding. The new material is designed to mimic the natural behavior of blood vessels so that catheters, stents, blood-oxygenation machines and dialysis machines won't trigger clotting by activating certain proteins in the blood.

      

      
        Researchers develop nanofiber patch for treatment of psoriasis
        Researchers have developed a patch for easier and more effective treatment of psoriasis. The method may also be used in treatment of other inflammatory skin diseases.

      

      
        Using CRISPR to decipher whether gene variants lead to cancer
        Researchers have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.

      

      
        Researchers identify a potential biomarker of Parkinson's disease progression
        Researchers have identified a potential biomarker of Parkinson's disease progression. According to the new study, patients with a slow progression of the pathology would have a significant increase in the levels of a molecule called ecto-GPR37 in the cerebrospinal fluid.

      

      
        Early treatment for nerve tumors prevents serious problems, study finds
        Small cranial nerve tumors that can cause hearing loss, vertigo and ringing in the ears are often watched rather than treated, but a new study is set to change how the tumors, called vestibular schwannomas, are managed.

      

      
        Using personal care products during and after pregnancy can increase exposure to toxic chemicals
        For people who are pregnant or nursing, more use of personal care products is associated with higher detectable levels of synthetic chemicals known to have adverse health effects, a new study found. The study found that using personal care products like nail polish, makeup and hair dye while pregnant or lactating is associated with significantly higher levels of per- and polyfluoroalkyl substances, known as PFAS, in blood plasma and breast milk.

      

      
        Cognitive decline and loneliness linked in older adults over short time periods
        Loneliness and cognitive performance were related in the short term for older adults, according to a new study.

      

      
        Researchers suggest stress hormones explain how obesity causes diabetes
        Obesity causes insulin resistance by increasing activation of the sympathetic nervous system and the release of the stress hormone norepinephrine, according to a new study.

      

      
        Study show the effectiveness of a portable EKG patch
        Research shows that a newly-developed wireless EKG patch is as accurate, if not more accurate, than results from traditional EKG machines. The device is known as the EKG Patch Solution.

      

      
        Combination approach shows promise for treating rare, aggressive cancers
        A research team has shown that that combining pembrolizumab, an immunotherapy drug, with standard chemotherapy can improve treatment outcomes for patients with small cell bladder cancer and small cell/neuroendocrine prostate cancer.

      

      
        DNA packaging directly affects how fast DNA is copied in cells
        Researchers have found that the way DNA is packaged in cells can directly impact how fast DNA itself is copied during cell division. They discovered that DNA packaging sends signals through an unusual pathway, affecting the cell's ability to divide and grow. This opens up new doors to study how the copying of the DNA and its packaging are linked. These findings may help scientists to find therapies and medicines for diseases such as cancer in the future.

      

      
        Bystander CPR up to 10 minutes after cardiac arrest may protect brain function
        The sooner a lay rescuer (bystander) starts cardiopulmonary resuscitation (CPR) on a person having a cardiac arrest at home or in public, up to 10 minutes after the arrest, the better the chances of survival and brain protection, according to an analysis of nearly 200,000 out-of-hospital cardiac arrest cases in the U.S. from 2013 to 2022.

      

      
        AI can detect serious neurologic changes in babies in the NICU using video data alone
        Study findings could serve as a foundation for broader neuro-monitoring applications across intensive care units globally.

      

      
        'Sleepy cannabis': Cannabinol increases sleep, study suggests
        Research shows that a non-hallucinogenic marijuana constituent increases both REM and non-REM sleep in rats. Human trials are now under way.

      

      
        Adequate sleep significantly reduces the risk of hypertension in adolescents
        Adolescents who meet the recommended guidelines of nine to 11 hours of sleep per day were shown to have a significantly lower risk of hypertension, according to a study.

      

      
        Study reveals best timing for getting the RSV vaccine during pregnancy to protect newborns
        Current guidelines recommend that pregnant people receive a vaccine against respiratory syncytial virus (RSV) -- which typically causes mild, cold-like symptoms in most adults but can be deadly for infants -- during weeks 32-36 of pregnancy. New research suggests that vaccination earlier in that time-frame, closer to 32 weeks, could provide the best protection for newborns against RSV.

      

      
        Pandemic-era increase in alcohol use persists, research shows
        A new finds that heavy drinking among adult Americans increased more than 20 percent during the peak of the COVID-19 pandemic and continued for the following two years.

      

      
        Fear of another heart attack may be a major source of ongoing stress for survivors
        Fear of another heart attack was a significant ongoing contributor to how heart attack survivors perceive their health, according to a study. While anxiety and depression are recognized as common conditions after a heart attack, they did not explain the impact of fear of recurrence in this study. The researchers suggest that fear of another heart attack should be evaluated and addressed separately from depression and anxiety.

      

      
        While more is better, even moderate amounts of exercise may reduce risk for common heart condition
        Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a study shows.

      

      
        Tumor suppressor forms gel-like assemblies to sacrifice cancer cells
        Scientists uncovered a previously unrecognized tumor suppression mechanism through the study of condensates and ribosome formation.

      

      
        Protein degradation strategy offers new hope in cancer therapy
        A team of scientists has used a novel approach to identify protein degraders that target Pin1, a protein involved in pancreatic cancer development.
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Organ donation: Opt-out defaults do not increase donation rates, study finds | ScienceDaily
A recent study by the Max Planck Institute for Human Development, in collaboration with the MSB Medical School Berlin and the Max Planck UCL Centre for Computational Psychiatry and Ageing Research, shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors. The results of the study have been published in the journal Public Health.


						
With the demand for donor organs far outstripping the supply, calls for changes in public policy are growing. An opt-out ('presumed consent') default policy is often seen as a promising approach. This policy stipulates that all adults are automatically considered potential organ donors after their death, unless they explicitly withdraw their consent during their lifetime. In contrast, the opt-in ('explicit consent') system requires potential donors to actively consent to donate their organs after they die. The discussion around implementing an opt-out policy has recently gained traction again in Germany, raising the question of whether such a change in policy would actually lead to an increase in the number of deceased organ donors.

A recent analysis of all member countries of the Organisation for Economic Co-operation and Development (OECD) found no significant difference in deceased donor rates between opt-in and opt-out countries, but significantly fewer living donors -- individuals who voluntarily donate organs, like a kidney, while alive -- in opt-out countries. However, such cross-sectional analyses cannot control for all country-specific factors like health infrastructure, culture, and religious issues -- all of which can influence donation rates.

To address the limitations of prior research, the current study used a longitudinal approach, analyzing changes in deceased donor rates over time in five countries -- Argentina, Chile, Sweden, Uruguay, and Wales -- that had switched from an opt-in to an opt-out default policy. This method provided a more reliable assessment of the impact of opt-out policies by controlling for long-term trends and country-specific factors.

Data was collected from international databases, including the International Registry in Organ Donation and Transplantation (IRODaT) and the Global Observatory on Donation and Transplantation (GODT). Of the 39 countries that had changed from explicit to presumed consent by December 2019, only five could be included in the analysis due to a lack of historical data for changes made before the IRODaT database was launched in 1996 and because presumed consent practices often existed informally prior to formal legislation.

Consistent with previous cross-sectional analyses, the study found that switching the default from opt-in to opt-out did not lead to any increase in organ donation rates in the five countries considered. Moreover, the results indicated that the opt-out default did not cause even a slight upward curve in organ donations: the long-term trend remained the same, showing no change in the rate following the switch. As expected, the results did show a reduction in deceased donations with the onset of the COVID-19 pandemic, with only a slow recovery observed by 2022.

"Simply switching to an opt-out system does not automatically lead to more organ donations," states author Mattea Dallacker, who led the project at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "Without accompanying measures, such as investments in the healthcare system and public awareness campaigns, a shift to an opt-out default is unlikely to increase organ donations. There is no easy solution to the complex challenge of boosting organ donation rates," she continues.

The study also underscores the crucial role of relatives in organ donation decisions. Even in presumed consent systems, where individuals are considered donors unless they opt out, families are often consulted and can override the presumed consent. Since many people do not talk about their donation wishes with loved ones, presumed consent can lead to uncertainty and hesitation among families, potentially resulting in refusals.

"A possible alternative to the opt-out system is a mandatory choice system," says Ralph Hertwig, Director at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "This would allow citizens to explicitly register their consent or objection to organ donation, when applying for a driver's license or ID card, for example. This active choice system could prompt people to make an informed decision, which would eliminate the perceived ambiguity about their preference that appears to lead to higher family refusal rates. Good and accessible information about organ donation is essential for informed choice," Hertwig continues.
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Children's gut bacteria may hold the key to diarrhea treatment | ScienceDaily
Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now, Danish and Ethiopian researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.


						
Our intestines are home to a microbiotic universe in which bacteria train our immune systems to be resilient, produce vitamins and transform the foods that we consume into beneficial compounds. Imbalances in this gut microbiome can be linked to various illnesses, including obesity, diabetes and diarrhea.

In developing countries, acute and chronic diarrhea is a widespread problem among children and leads to the deaths of half a million children under the age of five every year. Acute diarrhea often resolves on its own and can typically be treated with antibiotics. But once it progresses to a chronic form, it can leave children severely ill and underdeveloped, making treatment much harder. Until now, the cause of chronic diarrhea has remained unclear.

"Persistent diarrhea in adults can be extremely unpleasant but is rarely life-threatening. However, for a child, it can have lifelong consequences. While acute diarrhea has become much more treatable over the past fifty years, little progress has been made in treating the chronic type, which is what sparked our interest," explains Dennis Sandris Nielsen, a professor at the University of Copenhagen's Department of Food Science.

In a new study published in Nature Communications, Nielsen and his Ethiopian colleague Getnet Tesfaw mapped the gut microbiome of over 1,300 children under five years of age in Ethiopia. The study's main conclusion is clear: children with chronic or persistent diarrhea have significantly lower and different bacterial diversity compared to healthy children.

"Our results show a clear link between gut bacteria composition and the duration of diarrhea. Children with chronic diarrhea not only have more harmful bacteria, but notably fewer beneficial ones," explains Tesfaw, who will defend his PhD thesis on the topic later in November.

A vicious cycle of diarrhea

Researchers used DNA sequencing to identify various beneficial and harmful bacteria in stool samples. Results indicate that children with chronic diarrhea have an overrepresentation of harmful bacteria, such as Escherichia and Campylobacter, while the presence of beneficial bacteria, such as Faecalibacterium, is significantly reduced.




The study also revealed that children with chronic diarrhea lack bacteria that produce short-chain fatty acids, which are typically produced by beneficial bacteria and play an essential role in gut health.

Acute diarrhea is defined as lasting from one to six days, while chronic diarrhea persists for a week or more. According to Nielsen, the results indicate that chronic diarrhea develops if beneficial, short-chain fatty acids producing microbes are lost to an extent that the children's gut microbiomes for unkonwon reasons fail to recover from after for instance antibiotic treatment for acute cases.

"The progression into persistent diarrhea seems to be driven by a loss of beneficial bacteria. We do not yet know the exact cause, but we speculate that while antibiotics may be necessary to treat acute diarrhea, they also kill off good gut bacteria. As a result, children may enter a vicious cycle where chronic diarrhea takes over because they don't consume the right foods to restore these beneficial bacteria," the researcher explains.

Local "superfood" to the rescue

The new mapping of gut bacteria in children with chronic diarrhea offers a deeper understanding of the problem's causes and makes it easier to develop new, targeted treatments that could restore a healthy gut microbiome.

According to Tesfaw, the primary focus of treatment should be on designing an optimal diet to help restore the microbiome in affected children. Ideally, this diet would be familiar to the local population, accessible and sustainable. The researchers already have a potential main ingredient in mind.

"In Ethiopia, they have a superfood grain called teff, which is rich in nutrients and fiber. It clearly has the potential to serve as a dietary supplement that could help stop chronic diarrhea," says Nielsen.

However, further studies are needed, and the researchers hope to secure funding for a new research project in the near future.
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Early detection, intensive treatment critical for high-risk patients with Kawasaki Disease | ScienceDaily
Advances in cardiac imaging techniques and risk categorization have led to improvements in diagnosis, initial treatment and long-term management of patients with Kawasaki Disease, according to a new scientific statement published today in the American Heart Association's flagship, peer-reviewed journal Circulation.


						
The new statement, "Update on Diagnosis and Management of Kawasaki Disease," summarizes the data published since the 2017 American Heart Association Scientific Statement on Kawasaki Disease related to diagnostic criteria, risk scores and treatment options for children and adults with this condition.

Statement highlights include:
    	Kawasaki Disease is a rare but serious illness primarily affecting children younger than five years old. The disease can cause inflamed blood vessels throughout the body, and it is the leading cause of acquired (not congenital) heart disease in children throughout the developed world.
    	Although the cause of Kawasaki Disease is still unknown, however, there is a strong suspicion that the cause is infectious but no single infectious agent has been implicated. Health care professionals diagnose Kawasaki Disease based on a set of well-established symptoms, including prolonged fever, rash, reddened eyes and swelling of the hands and feet. Without timely treatment, one in four children can develop coronary artery dilation and/or coronary artery aneurysms.
    	Health care professionals use coronary artery Z-scores, a measurement that compares the coronary artery diameter of a child with Kawasaki Disease to the expected diameter of coronary arteries in healthy children of similar age, sex and body size to evaluate coronary abnormalities and classify risk. Children with Z-scores greater than 2.5 are at increased risk for developing coronary artery aneurysms. Although a Z-score alone should not determine the damage to coronary arteries, the statement highlights the need for consistent Z-score equation over time to ensure a patient's risk classification does not change.
    	Early identification of children with Kawasaki Disease at risk of developing coronary artery aneurysms remains a challenge in a multiethnic population and it is critical to diagnose Kawasaki Disease early for optimal management. A new risk scoring system specific to children in North America combines factors like age younger than six months, Asian race, elevated coronary artery Z-scores of at least 2 and higher C-reactive protein levels (a substance in the blood that is elevated when there's inflammation in the body). These advancements help clinicians identify high-risk patients who might require more intensive initial treatment to potentially reduce coronary artery complications?.
    	The statement suggests echocardiograms at regular time intervals, with a higher frequency in patients with coronary artery Z-scores greater than 2.5, to track the progression of any coronary artery abnormalities during hospitalization or after discharge. Echocardiographic, or heart ultrasound, techniques have improved since 2017 to better detect coronary artery dilation or aneurysms, which can help patients avoid more serious and/or long-term heart problems.
    	Intravenous immunoglobulin (IVIG), a mixture of antibodies and proteins to help fight infections, remains the standard of care for patients with Kawasaki Disease. Studies have shown, however, that dosing adjustments based on lean body mass in patients with obesity can help reduce the risks of complications.
    	The statement reevaluates the use of aspirin during the acute phase of Kawasaki Disease. Recent studies have shown using low- or medium-dose aspirin may be just as effective as high-dose aspirin. Ongoing trials are comparing different doses to confirm these results.
    	Recent studies have found adding other therapies, such as corticosteroids or infliximab, can help children with Kawasaki Disease who are at high risk for IVIG resistance. These new options may be effective in preventing coronary artery complications and offer health care professionals more options in managing treatment-resistant cases.
    	For children with Kawasaki Disease who have larger coronary aneurysms, blood-thinning medications like aspirin (typically 81 mg daily) combined with anticoagulants, such as warfarin or low molecular weight heparin, may help prevent dangerous blood clots. Recent evidence indicates that using direct oral anticoagulants in the treatment of patients with large coronary artery aneurysms may be more effective and safer, require less monitoring and have fewer side effects, however, further research is needed to confirm these findings.
    	The outbreak of COVID-19 saw an increase in a related condition called Multisystem Inflammatory Syndrome in Children (MIS-C). MIS-C became a diagnostic challenge since many symptoms including fever, rash and heart-related issues, overlap with symptoms of Kawasaki Disease. New data have helped differentiate the two conditions by identifying additional symptoms of MIS-C that include gastrointestinal issues, a low number of platelets that could cause bruising or bleeding, and a lower than normal number of white blood cells. In contrast, coronary artery involvement remains a hallmark of Kawasaki Disease, helping health care professionals make more accurate diagnoses. Machine learning algorithms have also been developed that may help clinicians distinguish between Kawasaki Disease and MIS-C.
    	All medical centers with patients with Kawasaki Disease and giant coronary artery aneurysms need to have a multidisciplinary heart team and a protocol in place to address major adverse cardiac events.
    	This updated scientific statement highlights the need for a formal transition program to ensure continuity of care for adolescents and adults with a history of Kawasaki Disease. Patients with giant aneurysms remain at high risk for heart attack and require lifelong monitoring and care. Further research is needed to optimize the timing and methods used to monitor long-term heart health in patients with the disease.
    	Individuals with Kawasaki Disease who plan on becoming pregnant are at high risk for adverse cardiac events and require care from obstetricians who have knowledge of Kawasaki Disease in tandem with consultations with a cardiologist.

This scientific statement was prepared by the volunteer writing group on behalf of the American Heart Association's Rheumatic Feber, Endocarditis, and Kawasaki Disease Committee of the Council on Lifelong Congenital Heart Disease and Heart Health in the Youn; the Council on Cardiovascular and Stroke Nursing; the Council on Cardiovascular Radiology and Intervention; and the Council on Clinical Cardiology. American Heart Association scientific statements promote greater awareness about cardiovascular diseases and stroke issues and help facilitate informed health care decisions. Scientific statements outline what is currently known about a topic and what areas need additional research. While scientific statements inform the development of guidelines, they do not make treatment recommendations. American Heart Association guidelines provide the Association's official clinical practice recommendations.

Statement writing group authors and their disclosures are listed in the manuscript.

The Association receives funding primarily from individuals. Foundations and corporations (including pharmaceutical, device manufacturers and other companies) also make donations and fund specific Association programs and events. The Association has strict policies to prevent these relationships from influencing the science content.
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An advance toward inhalable mRNA medications, vaccines | ScienceDaily
Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study in the Journal of the American Chemical Society reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.


						
mRNA medicines encode proteins that could treat or prevent a variety of illnesses, including lung diseases. However, these proteins are delicate and can't enter cells by themselves. To get intact mRNA inside lung cells, tiny fatty spheres (known as lipid nanoparticles) can be used like suitcases to store and transport the components until they reach their final destination. However, early versions of fatty spheres for mRNA delivery won't work for inhalable medications because the nanoparticles clump together or increase in size when sprayed into the air. To try to address this problem, previous researchers attached a polymer, such as polyethylene glycol, onto one of the particle's fatty components, but this didn't stabilize the resulting lipid nanoparticles enough.

Now, Daniel Anderson, Allen Jiang, Sushil Lathwal and colleagues have hypothesized that a different type of polymer, one with repeating units of positively and negatively charged components called a zwitterionic polymer, could create mRNA-containing lipid nanoparticles that can withstand nebulization (turning a liquid into a mist). The researchers synthesized a variety of lipid nanoparticles out of four ingredients: a phospholipid, cholesterol, an ionizable lipid, and lipids of different lengths attached to zwitterionic polymers of various lengths. Initial tests indicated that many of the resulting lipid nanoparticles efficiently held mRNA and didn't change size during misting or after being misted.

Then in animal trials, the researchers determined that a lower-cholesterol version of the lipid nanoparticles with zwitterionic polymers was the optimal formulation for aerosol delivery. When transporting an mRNA encoding a luminescent protein, this nanoparticle produced the highest luminescence within the animals' lungs and a uniform protein expression in the tissues, thereby demonstrating that it had the best ability to deliver inhaled mRNA. Mice given three airborne doses of the optimal nanoparticle over a 2-week period maintained consistent luminescent protein production without experiencing measurable inflammation in the lungs. The delivery method even worked in mice with a thick layer of mucus lining their airways, which was meant to model the lungs of people with cystic fibrosis. Taken together, the researchers say this set of results demonstrates the successful airborne delivery of mRNA using zwitterionic polymers in lipid nanoparticles. As a next step, they plan to conduct tests in larger animals.

The authors acknowledge funding from the U.S. National Institutes of Health, Sanofi (formerly Translate Bio), the Cystic Fibrosis Foundation, the Massachusetts Institute of Technology Undergraduate Research Opportunities Program, and the Koch Institute Support (core) Grant from the National Cancer Institute.

The authors have filed a patent on this technology. Some authors are founders of oRNA Therapeutics and Moderna, biotechnology companies that produce RNA and mRNA medicines, respectively.
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A step toward safer X-rays with new detector technology | ScienceDaily
X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers publishing in ACS Central Sciencehave taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.


						
"This advancement reduces detection limits and paves the way for safer and more energy-efficient medical imaging and industrial monitoring," says Omar F. Mohammed, the corresponding author on the study. "It demonstrates that cascade-engineered devices enhance the capabilities of single crystals in X-ray detection."

Just like visible light and radio waves, X-rays are a form of electromagnetic radiation. Their high-energy state allows them to pass through most objects -- including the soft tissues of our bodies. To produce an X-ray image, called a radiograph, the rays either pass through the body and appear as shadowy shapes on the image, or get stuck in denser tissues like bones, leaving behind a brighter, white area. The amount of radiation a patient is exposed to during a single scan is not dangerous, and one would have to undergo thousands of scans to start to notice compounding effects. However, these repeated exposures to high-energy rays can damage electronic equipment or pose a risk to someone like an X-ray technician. So, the fewer rays used during a scan, the better, right?

Unfortunately, fewer rays mean a lower-quality radiograph. But by increasing the sensitivity of the detector, a low-dose, high-quality X-ray could theoretically be produced. So, Omar Mohammed and colleagues at the King Abdullah University of Science and Technology engineered a device that facilitates these safer X-ray conditions.

To increase X-ray detector sensitivity, the researchers aimed to minimize the dark current -- the residual background noise -- generated by the device. To do so, they created detectors using specialized methylammonium lead bromide perovskite crystals, and then they connected the crystals in an electrical configuration known as a cascade.

The cascade configuration nearly halved the dark current, which improved the X-ray detection limit by five times compared with previous detectors made from the same crystals but without the cascade. Radiographs made with the new detector revealed fine details, such as a metal needle piercing a raspberry and the interior components of a USB cable. The team states that this technology is a promising method for developing foldable, safer and sensitive commercial X-ray devices, which would serve to minimize radiation exposure during medical procedures and capture subtle details in industrial monitoring.

The authors acknowledge funding from the King Abdullah University of Science and Technology (KAUST).
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New guideline provides treatment recommendations for restless legs syndrome | ScienceDaily
A new clinical practice guideline developed by the American Academy of Sleep Medicine provides updated recommendations for the treatment of restless legs syndrome. The guideline reflects the latest scientific evidence and recommends significant changes in the standard treatment of RLS in adults.


						
Available online as an accepted paper in the Journal of Clinical Sleep Medicine, the guideline updates the AASM's previous guidance published in 2012. The authors noted that numerous clinical trials and longitudinal studies have been conducted in the last decade, contributing vital evidence that supports these new recommendations.

"This new clinical practice guideline from the AASM represents an important turning point in the treatment of RLS in adults," said Dr. John Winkelman, chair of the AASM task force, professor of psychiatry at Harvard Medical School, and chief of the sleep disorders clinical research program at Massachusetts General Hospital. "Guided by the best evidence in the scientific literature, we've provided recommendations that will improve the ability of clinicians to provide patient-centered care for people who have RLS."

RLS is a sleep-related movement disorder characterized by a strong, nearly irresistible urge to move the legs, which is often accompanied by other uncomfortable sensations felt in the legs. These symptoms begin or worsen during periods of rest or inactivity, are temporarily or totally relieved by movement, and occur exclusively or predominantly in the evening or at night. RLS can cause sleep disturbance, distress, and impairment in functioning.

One of the significant changes in the new guideline is that it elevates the importance of iron evaluation in everyone with RLS and, depending on iron indices, recommends iron supplementation. These recommendations reflect evidence suggesting that low brain iron is an important underlying cause of RLS. For adults with RLS, the guideline provides a strong recommendation for intravenous ferric carboxymaltose and conditional recommendations for two other formulations of intravenous iron and one formulation of oral iron -- ferrous sulfate. For children with RLS, ferrous sulfate received a conditional recommendation, making it the only treatment recommended for pediatric patients.

A "strong" recommendation is one that clinicians should follow under most circumstances. A "conditional" recommendation reflects a lower degree of certainty and requires the clinician to use clinical judgment and consider the patient's values and preferences to determine the best course of action.

Another important change is that the new guideline includes conditional recommendations against the standard use of pramipexole and ropinirole, both of which were supported by strong recommendations in the 2012 guidance. Research published in the last 10 years has clarified that the long-term use of these dopamine agonists and other dopaminergic medications is often associated with the risk of "augmentation," which is the gradual worsening of RLS symptom intensity and duration.




In contrast, new evidence supporting three alpha-2-delta ligand calcium channel blockers -- gabapentin enacarbil, gabapentin, and pregabalin -- led the task force to support them as strong recommendations for RLS treatment. These medications are not associated with the augmentation of RLS symptoms observed with the dopaminergic agents.

Bilateral high-frequency peroneal nerve stimulation, an innovative treatment developed in the years since the previous guidance was published, received a conditional recommendation of support. Treatment involves the use of a wearable device to stimulate the nerves in the legs before bedtime.

The use of low-dose, extended-release oxycodone and other low-dose opioids also received conditional recommendations of support. The authors noted that low-dose opioids have demonstrated efficacy for RLS, but opioids also have risks that require cautious use and clinical oversight. A national RLS opioid registry based at Massachusetts General Hospital continues to collect longitudinal data to assess the long-term safety, dose stability, and efficacy of opioid medications for RLS.

The authors advised that the first step in the management of RLS should be to address exacerbating factors including alcohol, caffeine, certain antidepressant and antihistamine medications, and untreated obstructive sleep apnea. They also noted that RLS is common in pregnancy.

To develop the guideline, the AASM commissioned a task force of sleep medicine clinicians with expertise in RLS. They crafted 28 clinical practice recommendations based on a systematic review of the literature and an assessment of the evidence according to the GRADE process, taking into consideration the quality of evidence, beneficial and harmful effects, patient values and preferences, and resource use.
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Does AI improve doctors' diagnoses? Study puts it to the test | ScienceDaily
With hospitals already deploying artificial intelligence to improve patient care, a new study has found that using Chat GPT Plus does not significantly improve the accuracy of doctors' diagnoses when compared with the use of usual resources.


						
The study, from UVA Health's Andrew S. Parsons, MD, MPH and colleagues, enlisted 50 physicians in family medicine, internal medicine and emergency medicine to put Chat GPT Plus to the test. Half were randomly assigned to use Chat GPT Plus to diagnose complex cases, while the other half relied on conventional methods such as medical reference sites (for example, UpToDate(c)) and Google. The researchers then compared the resulting diagnoses, finding that the accuracy across the two groups was similar.

That said, Chat GPT alone outperformed both groups, suggesting that it still holds promise for improving patient care. Physicians, however, will need more training and experience with the emerging technology to capitalize on its potential, the researchers conclude.

For now, Chat GPT remains best used to augment, rather than replace, human physicians, the researchers say.

"Our study shows that AI alone can be an effective and powerful tool for diagnosis," said Parsons, who oversees the teaching of clinical skills to medical students at the University of Virginia School of Medicine and co-leads the Clinical Reasoning Research Collaborative. "We were surprised to find that adding a human physician to the mix actually reduced diagnostic accuracy though improved efficiency. These results likely mean that we need formal training in how best to use AI."

Chat GPT for Disease Diagnosis

Chatbots called "large language models" that produce human-like responses are growing in popularity, and they have shown impressive ability to take patient histories, communicate empathetically and even solve complex medical cases. But, for now, they still require the involvement of a human doctor.




Parsons and his colleagues were eager to determine how the high-tech tool can be used most effectively, so they launched a randomized, controlled trial at three leading-edge hospitals -- UVA Health, Stanford and Harvard's Beth Israel Deaconess Medical Center.

The participating docs made diagnoses for "clinical vignettes" based on real-life patient-care cases. These case studies included details about patients' histories, physical exams and lab test results. The researchers then scored the results and examined how quickly the two groups made their diagnoses.

The median diagnostic accuracy for the docs using Chat GPT Plus was 76.3%, while the results for the physicians using conventional approaches was 73.7%. The Chat GPT group members reached their diagnoses slightly more quickly overall -- 519 seconds compared with 565 seconds.

The researchers were surprised at how well Chat GPT Plus alone performed, with a median diagnostic accuracy of more than 92%. They say this may reflect the prompts used in the study, suggesting that physicians likely will benefit from training on how to use prompts effectively. Alternately, they say, healthcare organizations could purchase predefined prompts to implement in clinical workflow and documentation.

The researchers also caution that Chat GPT Plus likely would fare less well in real life, where many other aspects of clinical reasoning come into play -- especially in determining downstream effects of diagnoses and treatment decisions. They're urging additional studies to assess large language models' abilities in those areas and are conducting a similar study on management decision-making.

"As AI becomes more embedded in healthcare, it's essential to understand how we can leverage these tools to improve patient care and the physician experience," Parsons said. "This study suggests there is much work to be done in terms of optimizing our partnership with AI in the clinical environment."

Following up on this groundbreaking work, the four study sites have also launched a bi-coastal AI evaluation network called ARiSE (AI Research and Science Evaluation) to further evaluate GenAI outputs in healthcare. Find out more information at the ARiSE website.
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New genetic changes linked to testicular cancer offer fresh insights into the disease and its treatment | ScienceDaily
Scientists have identified new gene faults and evolutionary patterns contributing to testicular cancer. Their findings offer profound insights into the development of the disease and into potential treatment strategies.


						
Testicular cancer, though accounting for only about 1% of all cancers in men, is the most common cancer among those aged 15 to 44. Each year, nearly 200 men in Ireland are diagnosed with this cancer and incidence rates have risen in recent years -- a trend also observed in Northern and Central Europe.

Fortunately, testicular cancer is highly treatable, especially when detected early, with survival rates exceeding 90%. However, patients with the highest-risk disease face a significantly lower prognosis, with only around a 50% chance of survival despite extensive clinical trials, and existing chemotherapy treatments carry significant toxicities and associated side effects.

Using data from the 100,000 Genomes Project, led by Genomics England and NHS England, the scientists applied whole genome sequencing (WGS) to 60 patient samples to address key unresolved biological and clinical questions in testicular germ cell tumours (TGCTs). Their work has just been published in leading international journal Nature Communications.

Among the key findings are:
    	New potential cancer drivers in testicular cancer, including drivers specific to certain subtypes, which may help stratify patients based on their tumour characteristics
    	A reconstruction of evolutionary trajectories of genome alterations and probable progression pathways in TGCT
    	Discovery of a broader range of mutational signatures associated with TGCT. These are distinctive patterns of DNA damage, which can reflect various carcinogenic exposures (e.g. smoking, UV light) and enable a retrospective look at exposure-related cancer risk
    	Previously unidentified recurrent mutational hotspots in testicular cancer
    	Identification of a genomic immune mechanism unique to TGCT, predominantly in seminomas, the most common tumour subtype.

First author of the research, Maire Ni Leathlobhair, Assistant Professor in Trinity College Dublin's School of Genetics and Microbiology, said: "We have taken a major leap forward in our understanding of how this disease develops and gained important insights into potential treatment strategies, which is of course key as we seek better patient outcomes.

"Importantly, this research was only possible thanks to the valuable contribution of tissue samples from participants in the 100,000 Genomes Project and the collaborative efforts of medical professionals in the NHS. It represents one of the first relatively large-scale testicular cancer landscape studies using a powerful whole genome sequencing approach, which was key in revealing the new insights that other techniques would not have captured.

"This research aimed to transform genomic insights into meaningful patient outcomes, bridging fundamental discoveries with translational applications, and it also serves as a good example of how large volumes of patient data and samples can provide us with a more detailed view of a disease."

This study was a collaborative effort led by senior authors Profs. Matthew Murray, Andrew Protheroe, Clare Verrill, and David Wedge and involved a dedicated team of researchers, clinicians, and trainees from both academia and the NHS, with contributions from Trinity, the University of Oxford, the University of Cambridge, and the University of Manchester.

To further enhance understanding of the disease, the researchers now hope to involve more participants to include a wider diversity of outcomes, ethnicities, and types of testicular cancers.
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Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease | ScienceDaily
Heart muscle cells grown from stem cells show promise in monkeys with a heart problem that typically results from a heart defect sometimes present at birth in humans, according to new research from the University of Wisconsin-Madison and Mayo Clinic.


						
Heart disease, the No. 1 killer of Americans, can affect people at any time across their lifespans -- even from birth, when heart conditions are known as congenital heart defects. Regenerating tissue to support healthy heart function could keep many of those hearts beating stronger and longer, and this is where stem cell research is stepping in.

A research team led by Marina Emborg, professor of medical physics in the UW-Madison School of Medicine and Public Health, and Timothy Nelson, physician scientist at the Mayo Clinic in Rochester, Minnesota, reported recently in the journal Cell Transplantation that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

Also referred to as right ventricular dysfunction, pressure overload often affects children with congenital heart defects. Patients experience chest discomfort, breathlessness, palpitations and body swelling, and can develop a weakened heart. The condition can be fatal if left untreated.

Nearly all single ventricle congenital heart defects, particularly those in the right ventricle, eventually lead to heart failure. Surgery to correct the defect is a temporary solution, according to the researchers. Eventually, patients may require a heart transplant. However, the availability of donor hearts -- complicated by the young age at which most patients require a transplant -- is extremely limited.

In their new study, the researchers focused on grafts of stem cell-derived cardiomyocytes as a possible complementary treatment to traditional surgical repair of cardiac defects. Their goal was to directly support ventricular function and overall healing.

"There is a great need for alternative treatments of this condition," says Jodi Scholz, the study's lead author and chair of Comparative Medicine at Mayo Clinic. "Stem cell treatments could someday delay or even prevent the need for heart transplants."

The researchers transplanted clinical-grade human induced pluripotent stem cells -- cells collected from human donors, coaxed back into a stem cell state and then developed into cell types compatible with heart muscle -- into rhesus macaque monkeys with surgically induced right ventricular pressure overload. The cells successfully integrated into the organization of the surrounding host myocardium, the muscular layer of the heart. The animals' hearts and overall health were closely monitored throughout the process. The authors noted that episodes of ventricular tachycardia (an increased heart rate) occurred in five out of 16 animals receiving transplanted cells, with two monkeys presenting incessant tachycardia. These episodes resolved within 19 days.




"We delivered the cells to support existing cardiac tissue," Emborg says. "Our goal with this particular study, as a precursor to human studies, was to make sure that the transplanted cells were safe and would successfully integrate with the organization of the surrounding tissue. We leveraged my team's experience with stem cells and cardiac evaluation in Parkinson's disease to assess this innovative therapeutic approach."

The research proved the feasibility and safety of using stem cells in the first nonhuman primate model of right ventricular pressure overload. Macaques, in particular, have been critical to advancing stem cell therapies for heart disease, kidney disease, Parkinson's disease, eye diseases and more.

"The demonstration of successful integration and maturation of the cells into a compromised heart is a promising step towards the clinical application for congenital heart defects," Emborg says.

The research was supported by the Todd and Karen Wanek Family Program for Hypoplastic Left Heart Syndrome and National Institutes of Health Grant P51OD011106 to the Wisconsin National Primate Research Center.
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Cell aging in one organ can snowball into multi-organ failure | ScienceDaily
The ageing and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.


						
Scientists have shown for the first time that the deterioration of cells in a damaged liver can activate a process associated with ageing and impaired function, which then transmits to otherwise healthy organs elsewhere in the body.

They also identified a key protein that could be manipulated to prevent such multi-organ failure.

The findings could have major implications for our understanding of how diseases in different parts of the body interact with each other, and what happens as people age, experts say.

As the body gets older, cells become tired and stop working effectively. This process -- called cell senescence -- is a common effect of ageing but can also be triggered by diseases at any stage of life.

Senescence of liver cells following acute severe liver disease -- which can be caused by a number of diseases including viral infections or toxins such as paracetamol overdose -- can cause irreparable damage, leading to liver failure and can often lead to multi-organ failure.

The study, led by the University of Edinburgh and CRUK Scotland Institute, identified that in mice with sudden liver failure, once a large enough number of liver cells were damaged, senescence started to appear in other organs, including the kidneys, lungs and brain, causing them to fail.




Researchers identified a key biological pathway involving TGFb -- a protein linked to the immune system -- which, when blocked in mice, prevented the senescence in liver cells from spreading to other organs.

In the future, treatments to block this pathway could prevent multi-organ failure in patients with severe liver injury, experts say.

Levels of liver cell senescence were also a powerful indicator of disease outcome in patients with severe liver damage.

The study team examined liver tissue biopsies from 34 people with acute severe liver disease. High levels of liver cell senescence early in disease were linked to an increased risk of multi-organ failure and the need for liver transplantation.

There is currently no test to predict how sudden liver failure will progress when it begins. Monitoring liver cell senescence could help to identify those most at risk, including those likely to need a liver transplant, the research team says.

The study, principally funded by the Wellcome Trust and Cancer Research UK, is published in the journal Nature Cell Biology. The research team involved a collaboration between groups located at the CRUK Scotland Institute and those at Newcastle University and University College London.




The study's principal investigator, Professor Tom Bird of the University of Edinburgh's Centre for Inflammation Research and the CRUK Scotland Institute, said: "The implications of the findings are potentially very profound. This may be a means by which severe disease, even in a single organ, can snowball into the failure of many organs in the body. But it can also teach us about ways to prevent this happening, both in sudden disease and potentially in a range of diseases occurring over years or even decades as we age."

Professor Rajiv Jalan, Professor of Hepatology at University College London and partner of the study, said: "Our findings provide the first insight into why severe liver injury results in the failure of other organs, such as the brain and kidneys, and death. We were able to validate these novel and exciting observations in patients, providing a route to develop biomarkers that can be measured in the blood to identify those at risk, and new therapies to treat severe liver disease."

Morag Foreman, Head of Discovery Researchers at Wellcome, said: "This is an exciting set of findings, unlocking crucial new insights with the potential to transform our understanding of multi-organ failure. This opens new avenues of research into how our cells break down that could help us treat and prevent sudden, or even age-related, disease.

"We are pleased to have supported Professor Bird and team. This study marks a culmination of years of work, underlining the importance of long-term, discovery research and finding insights into life, health and wellbeing."
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New discovery may lead to more effective treatment for cardiovascular disease | ScienceDaily
Researchers at Case Western Reserve University have identified a new target to treat atherosclerosis, a condition where plaque clogs arteries and causes major cardiac issues, including stroke and heart attack.


						
In a new study, published in the journal Cell Reports, they identified an inflammation-reducing molecule -- called itaconate (ITA) -- that could be the foundation of a new approach to treat such a common and deadly disease.

Heart disease is the leading cause of death for men, women and people of most racial and ethnic groups, according to the U.S. Centers for Disease Control and Prevention.

Medications help but don't completely protect patients from cardiovascular risk. So, doctors also recommend lifestyle changes, such as a low-cholesterol/low-fat diet (LCLFD), to further reduce plaque and inflammation that increase the risk of cardiovascular disease. Yet many patients find it challenging to follow diet restrictions long-term.

Identifying the role ITA plays in diet and heart disease may help address this.

"We've found that itaconate is crucial to the diet's ability to stabilize plaques and reduce inflammation, which has been a mystery until now," said Andrei Maiseyeu, associate professor at the Cardiovascular Research Institute and Department of Biomedical Engineering at Case Western Reserve's School of Medicine. "This discovery marks a major leap forward in the understanding of how diet-induced plaque resolution occurs at a molecular level."

Based on their discovery, Maiseyeu and his team have developed a new treatment: ITA-conjugated lipid nanoparticles (ITA-LNP, U.S. Provisional Application No. 63/707,954). This new therapeutic approach allows ITA to accumulate in plaque and bone marrow, where it reduces inflammation and mimics the beneficial effects of LCLFD without requiring drastic lifestyle changes.

"We have already seen its effectiveness in multiple models of atherosclerosis," Maiseyeu said. "We are optimistic that this will result in better treatments that will greatly lower the long-term risk of heart attacks and strokes while also improving patients' quality of life."

Maiseyeu and his team are now taking steps to translate ITA-LNP to the clinic, including engineering a pill form of the treatment, which they believe will not only be convenient for patients, but also transformative.
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Key influenza-severity risk factor found hiding in plain sight on our antibodies | ScienceDaily
Viruses are the fastest-evolving biological entity on earth. This fact explains why we need flu shots every year: Seasonal influenza perennially outwits the immunity we've acquired from previous vaccinations or infections.


						
Some new strains are rougher than others. The 1918 flu pandemic killed 50 million people and infected one-fifth of the world's population. Influenza pandemics also occurred in 1957, 1968 and 2009.

"Influenza remains an incredibly dangerous risk to global health," said Taia Wang, MD, PhD, associate professor of infectious diseases and of microbiology and immunology.

A team led by Wang has found that the relative abundance of a certain kind of sugar molecule on our antibodies -- the specialized proteins our immune systems cook up to block viruses and other microbes from entering our cells and replicating profusely once inside -- plays an outsized role in whether we become mildly ill rather than severely ill from a flu infection.

They've also figured out why. And they've demonstrated, in mice, how to head off severe flu symptoms regardless of which strain is on the march. That would come in handy in the event of the next large-scale flu outbreak -- and it may apply to other infectious diseases.

The findings, described in a study to be published online Nov. 13 in Immunity, may even help explain why older people are more susceptible to severe flu and many other diseases, infectious or otherwise.

Wang, a faculty member in Stanford Medicine's Institute for Immunity, Transplantation and Infection, is the study's senior author. Lead authors of the study are basic life research scientist Saborni Chakraborty, PhD; postdoctoral scholar Bowie Cheng, PhD; graduate student Desmond Edwards; and former graduate student Joseph Gonzalez, PhD.




Inflammation over replication

Sitting on the surface of some of our immune cells is a receptor, called CD209, that the study showed can dial down inflammation in response to a flu infection. Wang and her associates were able to kick that anti-inflammatory receptor into gear by fiddling with the composition of antibodies.

This didn't stop the virus from getting into lung cells and making copies of itself while inside the cells it invades. But it didn't have to.

Viruses furiously self-replicating inside our lung cells is not a good thing, obviously. But fatal cases of influenza infection are usually caused by an overwhelming inflammatory response to the infection, which exacerbates lung damage and prevents gas exchange, rather than by the virus alone, Wang said.

"We've discovered a new way to protect against severe influenza by shutting down this follow-on inflammation, regardless of ongoing viral replication," she said.

The experimental inflammation-lowering technique isn't limited to a single flu strain.




The antibody molecules circulating in our blood and known to immunologists as IgG (the acronym stands for "immunoglobin G") are roughly Y-shaped. The Y's horns are customized to cling to specific surface features of particular pathogens and, if the fit is snug enough and ties up the right part of the invading pathogen, prevent it from getting into cells.

The stalk of an antibody's Y-shaped structure is oblivious to whatever the horns are binding to. That stalk's job is to tell the rest of the immune system what to do. It can have differing affinities for various immune cells. And it can exert different effects on whichever immune cells it makes contact with, depending on the chemistry of a couple of long, bifurcated chains attached to its surface.

These chains' links are made of sugar -- granted, not the kind you'd find in a candy store. To carbohydrate scientists, the term "sugar" refers to nearly a dozen distinct but chemically similar substances our own bodies produce. Most of these sugars have names few of us have ever heard of. Sewed into or stapled onto larger molecules, they provide structural support, stability or signaling capability.

As many as four molecules of a particular sugar called sialic acid may get snapped into place as final links on an IgG molecule's branching sugar chains. How many actually do can make a big difference.

Enter the alveolar macrophage

Wang's study began by characterizing antibodies from people who did or did not become very sick after infection by H1N1, a common seasonal influenza subtype. The only significant difference the scientists observed between those who became mildly ill and those who were hospitalized was in the amount of sialic acid on infected individuals' antibodies. High levels correlated with mild symptoms; sicker patients' antibodies sported fewer sialic acid links.

Wang and her colleagues explored further, using bioengineered mice whose cells expressed human receptors for antibodies.

"We gave the mice human antibodies differing only in their sialic acid content," Wang said. Then the mice received what would ordinarily be a lethal dose of either of two very different seasonal influenza virus subtypes.

The sialic acid-rich antibodies, but not the others, protected the animals from both types of flu, evidently due to markedly reduced lung inflammation.

"The reduced inflammation led to better oxygen and carbon dioxide exchange," Wang said. "The lungs could keep doing their job."

The difference in sialic acid abundance had no effect on the virus's ability to replicate inside infected lung cells.

The scientists found that the high- and low-sialic acid antibodies were binding to entirely different receptors on the surfaces of immune cells called alveolar macrophages. These fierce sentinel cells, among other things, patrol the alveoli -- the tiny, delicate air sacs studding the surfaces of our lungs, through which oxygen from the air we breathe and carbon dioxide, a respiration byproduct, are exchanged.

When alveolar macrophages spy a pathogen, they gobble it up. They also signal the immune system to send in more troops. Usually that influx of additional immune cells is enough to quell the microbial invasion. But sometimes, ironically, the surplus of fired-up immune cells and the noxious substances they squirt out -- the essence of inflammation -- do more harm than good: They not only expunge virally infected cells but tear up healthy ones, too. That may cause even more inflammation.

Antibodies usually bind to pro-inflammatory receptors on alveolar macrophages, spurring downstream inflammatory activity. But higher levels of sialic acid on an antibody's stalk, the scientists proved, induces the antibody to bind to CD209 instead, shifting alveolar macrophages' mood to anti-inflammatory.

"CD209 has been shown to be anti-inflammatory in autoimmunity," Wang said. "But it's never before been implicated in calming our immune response to an infectious disease."

Analyses of alveolar macrophages' gene-activation levels showed that the same set of genes whose activity levels differed in flu-infected mice receiving high- versus low-sialic acid antibodies could be used to divide influenza patients into "mild" and "severe" categories.

Many of these genes are associated with mounting an inflammatory response. In particular, sialic acid-rich antibodies' binding to CD209 shut down activity of a famous inflammatory sparkplug called NF-kappa-B.

Who needs horns?

An antibody's horns can bind to only one or, at most, an extremely narrow range of pathogens. Yet, sialic acid-rich antibodies' beneficial dialing down of disease severity wasn't limited to a single flu strain. Nor did their benefits come from any clearing of the virus. It was purely the anti-inflammatory response that was reducing disease severity.

Wang said, "We wondered: Does this protection we see against highly different influenza-virus subtypes require the whole antibody? Are its horns even necessary? Or might the stalk alone be enough to protect against flu severity?

Fortunately, just such high-sialic acid antibody stalks are available, as they're under active clinical investigation for treating autoimmune disorders, which are also inflammatory in character. These stalks proved effective in preventing severe symptoms in flu-infected mice.

Wang's team is doing longitudinal studies in humans to see if sialic acid-enriched antibody stalks can predict risk of disease progression in influenza patients.

The findings' applications may extend beyond influenza, or lung infections in general, to numerous infectious diseases and even to a broad range of inflammatory conditions, she said.

"Age is the major factor differentiating people whose antibodies characteristically have high versus low sialic acid content," Wang said. The age-associated decline in sialic acid's abundance on people's antibodies may account in part for the observed high incidence of chronic low-level inflammation on older people, predisposing them to conditions ranging from heart trouble and strokes to Alzheimer's and Parkinson's disease to cancer and many other aging-associated diseases.

Wang is a consultant for Nuvig Therapeutics Inc., which is testing antibody stalks for treating autoimmunity and provided these reagents for use in this study.

Researchers from the University of California, San Diego; Nuvig Therapeutics Inc.; the University of Colorado; National Jewish Health; Washington University School of Medicine; the National Institutes of Health; and the Howard Hughes Medical Institute contributed to the work.

The study was funded by the National Institutes of Health (grants R01AI150214, R01AI173203, 75N93029C00051, 5U01AI144616, R01AI178298 and UL1TR001866) and the Howard Hughes Medical Institute.
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We may be overestimating the association between gut bacteria and disease, machine learning study finds | ScienceDaily
Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.


						
The researchers report November 13, 2024, in the Cell Press journal Cell that differences in a patient's microbial load, which was found to be influenced by factors ranging from age, sex, diet, country-of-origin, and antibiotic use, was a key factor for bacterial signatures in fecal samples, even in disease patients.

"We were surprised to find that many microbial species, previously believed to be associated with disease, were more strongly explained by changes in microbial load," says Peer Bork of the European Molecular Biology Laboratory (EMBL) Heidelberg, one of the senior authors on the study. "This indicates that these species are mainly associated with symptoms like diarrhea and constipation, rather than being directly linked to the disease conditions themselves."

Microbial load has long been recognized as an important factor in microbiome research, but large-scale analysis has been largely limited due to the high cost and labor-intensive nature of experimental methods, which the investigators overcame with a machine-learning approach. They developed a prediction model for fecal microbial load based on the relative microbiome composition and applied it to a large-scale metagenomic dataset to explore its variation in health and disease.

"Measuring microbial load in fecal samples takes a lot of effort and we were glad to have access to two large metagenomic datasets where the microbial load had been experimentally measured," says Michael Kuhn, also of EMBL and the other senior author on the study. "With our approach, we want to generalize these data for the benefit of the larger field and with the tools we provide, microbial load can be predicted for all adult human gut microbiome studies."

The datasets the team generated for the research are thousands of metagenomes and experimentally measured microbial load in the EU-funded GALAXY (Gut-and-Liver Axis in Alcoholic Liver Fibrosis) and the Novo Nordisk Foundation's MicrobLiver projects. They also used metagenomes and microbial load data from a previously public MetaCardis study population. For exploratory datasets, they used tens of thousands of metagenomes from previous studies including populations from Japan and Estonia.

The team acknowledges limitations to the work. Because the analysis was based only on associations, they were not able to establish a clear direction of causality, nor could they provide mechanistic insight. Additionally, the method developed only applies to the human gut microbiome: Different training datasets are needed to predict the microbial load in other habitats.

Future research will focus on microbial species that are more directly associated with diseases, independent of microbial load, to better understand their roles in disease etiology and their potential use as biomarkers. Additionally, adapting this prediction model to other environments, such as ocean and soil microbiomes, could provide further insights into microbial ecology on a global scale.
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In 10 seconds, an AI model detects cancerous brain tumor often missed during surgery | ScienceDaily
Researchers have developed an AI powered model that -- in 10 seconds -- can determine during surgery if any part of a cancerous brain tumor that could be removed remains, a study published in Nature suggests.


						
The technology, called FastGlioma, outperformed conventional methods for identifying what remains of a tumor by a wide margin, according to the research team led by University of Michigan and University of California San Francisco.

"FastGlioma is an artificial intelligence based diagnostic system that has the potential to change the field of neurosurgery by immediately improving comprehensive management of patients with diffuse gliomas," said senior author Todd Hollon, M.D., a neurosurgeon at University of Michigan Health and assistant professor of neurosurgery at U-M Medical School.

"The technology works faster and more accurately than current standard of care methods for tumor detection and could be generalized to other pediatric and adult brain tumor diagnoses. It could serve as a foundational model for guiding brain tumor surgery."

When a neurosurgeon removes a life threatening tumor from a patient's brain, they are rarely able to remove the entire mass.

What remains is known as residual tumor.

Commonly, the tumor is missed during the operation because surgeons are not able to differentiate between healthy brain and residual tumor in the cavity where the mass was removed.




The residual tumor may resemble healthy brain, which remains a major challenge in surgery.

Neurosurgical teams employ different methods to locate that residual tumor during a procedure.

They may get MRI imaging, which requires intraoperative machinery that is not available everywhere.

The surgeon might also use a fluorescent imaging agent to identify tumor tissue, which is not applicable for all tumor types.

These limitations prevent their widespread use.

In this international study of the AI driven technology, neurosurgical teams analyzed fresh, unprocessed specimens sampled from 220 patients who had operations for low- or high-grade diffuse glioma.




FastGlioma detected and calculated how much tumor remained with an average accuracy of approximately 92%.

In a comparison of surgeries guided by FastGlioma predictions or image- and fluorescent-guided methods, the AI technology missed high-risk, residual tumor just 3.8% of the time -- compared to a nearly 25% miss rate for conventional methods.

"This model is an innovative departure from existing surgical techniques by rapidly identifying tumor infiltration at microscopic resolution using AI, greatly reducing the risk of missing residual tumor in the area where a glioma is resected," said co-senior author Shawn Hervey-Jumper, M.D., professor of neurosurgery at University of California San Francisco and a former neurosurgery resident at U-M Health.

"The development of FastGlioma can minimize the reliance on radiographic imaging, contrast enhancement or fluorescent labels to achieve maximal tumor removal."

How it works

To assess what remains of a brain tumor, FastGlioma combines microscopic optical imaging with a type of artificial intelligence called foundation models.

These are AI models, such as GPT-4 and DALL*E 3, trained on massive, diverse datasets that can be adapted to a wide range of tasks.

After large scale training, foundation models can classify images, act as chatbots, reply to emails and generate images from text descriptions.

To build FastGlioma, investigators pre-trained the visual foundation model using over 11,000 surgical specimens and 4 million unique microscopic fields of view.

The tumor specimens are imaged through stimulated Raman histology, a method of rapid, high resolution optical imaging developed at U-M.

The same technology was used to train DeepGlioma, an AI based diagnostic screening system that detects a brain tumor's genetic mutations in under 90 seconds.

"FastGlioma can detect residual tumor tissue without relying on time-consuming histology procedures and large, labeled datasets in medical AI, which are scarce," said Honglak Lee, Ph.D., co-author and professor of computer science and engineering at U-M.

Full resolution images take around 100 seconds to acquire using stimulated Raman histology; a "fast mode" lower resolution image takes just 10 seconds.

Researchers found that the full resolution model achieved accuracy up to 92%, with the fast mode slightly lower at approximately 90%.

"This means that we can detect tumor infiltration in seconds with extremely high accuracy, which could inform surgeons if more resection is needed during an operation," Hollon said.

AI's future in cancer

Over the last 20 years, the rates of residual tumor after neurosurgery have not improved.

Not only does residual tumor result in worse quality of life and earlier death for patients, but it increases the burden on a health system that anticipates 45 million annual surgical procedures needed worldwide by 2030.

Global cancer initiatives have recommended incorporating new technologies, including advanced methods of imaging and AI, into cancer surgery.

In 2015, The Lancet Oncology Commission on global cancer surgery noted that "the need for cost effective... approaches to address surgical margins in cancer surgery provides a potent drive for novel technologies."

Not only is FastGlioma an accessible and affordable tool for neurosurgical teams operating on gliomas, but researchers say, it can also accurately detect residual tumor for several non-glioma tumor diagnoses, including pediatric brain tumors, such as medulloblastoma and ependymoma, and meningiomas.

"These results demonstrate the advantage of visual foundation models such as FastGlioma for medical AI applications and the potential to generalize to other human cancers without requiring extensive model retraining or fine-tuning," said co-author said Aditya S. Pandey, M.D., chair of the Department of Neurosurgery at U-M Health.

"In future studies, we will focus on applying the FastGlioma workflow to other cancers, including lung, prostate, breast, and head and neck cancers."
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How to reduce social media stress by leaning in instead of logging off | ScienceDaily

The research, led by psychology professor Dr. Amori Mikami (she/her) and published this week in the Journal of Experimental Psychology: General, examined the effects of quitting social media versus using it more intentionally.

The results showed that users who thoughtfully managed their online interactions, as well as those who abstained from social media entirely, saw mental health benefits -- particularly in reducing symptoms of anxiety, depression and loneliness.

With social media use nearly universal among young adults, especially those ages 17-29, concerns over its impact on mental health have grown.

"There's a lot of talk about how damaging social media can be, but our team wanted to see if this was really the full picture or if the way people engage with social media might make a difference," said Dr. Mikami.

Instead of treating social media as an all-or-nothing choice, the study explored whether helping young adults learn "smarter" engagement techniques could enhance their well-being.

In the six-week study, 393 Canadian young adults with some mental health symptoms and concerns about social media's impact on their mental health were split into three groups:
    	a control group that continued their usual routines
    	an abstinence group asked to stop using social media entirely
    	a "tutorial" group that was coached in intentional usage

The tutorials guided participants on fostering meaningful online connections, limiting interactions that encouraged self-comparison, and carefully selecting who they followed.




Both the abstinence and tutorial groups reduced their social media use and experienced fewer social comparisons -- a common trigger for anxiety and low self-esteem. While the tutorial group didn't cut back on social media as much as those who tried to abstain completely, they reported notable improvements in loneliness and fear of missing out (FOMO).

By comparison, those who abstained from social media altogether were more successful in reducing depression and anxiety symptoms, yet reported no improvement in loneliness.

"Cutting off social media might reduce some of the pressures young adults feel around presenting a curated image of themselves online. But, stopping social media might also deprive young adults of social connections with friends and family, leading to feelings of isolation," said Dr. Mikami.

Dr. Mikami, along with graduate students Adri Khalis and Vasileia Karasavva, used an approach with the tutorial group that emphasized quality over quantity in social media interactions. By muting or unfollowing accounts that triggered envy or negative self-comparisons and prioritizing close friendships, tutorial participants built a healthier online environment. Rather than passively scrolling, they were encouraged to actively engage with friends by commenting or sending direct messages -- a behaviour that tends to deepen meaningful connections while helping users feel more socially supported.

For Dr. Mikami, this balanced approach may be a realistic alternative to complete abstinence, which may not be feasible for many young adults.

"Social media is here to stay," she said. "And for many people, quitting isn't a realistic option. But with the right guidance, young adults can curate a more positive experience, using social media to support their mental health instead of detracting from it."

Dr. Mikami believes the findings can offer valuable insights for mental health programs and schools. She envisions future workshops and educational sessions where young adults learn to use social media as a tool to strengthen their relationships rather than as a source of comparison and stress. This approach, she suggests, could break the cycle of quitting social media only to return later, sometimes with worse effects.

The research emphasizes that young people's well-being is closely tied to how they engage. By offering alternative ways to interact online, Dr. Mikami's team has shown that positive mental health outcomes are possible without sacrificing the social connectivity that platforms provide. As she put it: "For many young people, it's not about logging off. It's about leaning in -- in the right way."
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From pets to pests: Researchers explore new tool to fight disease-carrying insects | ScienceDaily
Arkansas researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.


						
After switching to fluralaner as a veterinary medication for her dog, Emily McDermott, assistant professor of medical and veterinary entomology and a researcher for the Arkansas Agricultural Experiment Station, was curious about exploring other possible applications for it.

"The reason I put my dog on this fluralaner drug is because the spot-on treatments were not working very well," she said. "Fluralaner is exciting because it has a different mode of action than current insecticides."

The drug prevents insects' nerve cells from working properly, disrupting their nervous systems.

McDermott says previous studies had shown promising results when fluralaner was applied as a spray but that it's much more effective if ingested orally.

McDermott and Ph.D. student Blythe Lawson conducted research to find out if fluralaner would be effective as a larvicide and the best method to feed it to the larvae.

By treating larvae directly, they were able to use less chemicals and target specific areas where larvae are concentrated, reducing the need for widespread spraying and minimizing the risk of contaminating waterways and the environment.




The study "Successful yeast microencapsulation of fluralaner and its potential as a larvicide for vector control," was published in the Acta Tropica journal in August.

"Fluralaner is an up-and-coming synthetic chemical, and there's a lot of interest in expanding its use," Lawson said. "There's a big need for larvicides in the market; there are only a few for mosquitoes."

Flies and mosquitoes can carry diseases such as malaria, dengue and Zika virus. McDermott says disease vectors such as mosquitoes and flies have developed resistance to commonly used drugs and traditional methods often target adult insects. But Lawson and McDermott investigated ways to use fluralaner to target these insect's larvae before they develop into adults, which is when they are most likely to spread diseases or become pests.

"You can knock those populations down before they start causing problems," McDermott said.

Fluralaner is sold in chewable form for pets under the brand name Bravecto, currently the only labeled form of fluralaner in the United States.

The Trojan horse method

McDermott and Lawson used a yeast microencapsulation technique to investigate if fluralaner would work. They encapsulated yeast cells with the insecticide and then tested it on larvae of three species:
    	Common house fly -- Musca domestica
    	Asian tiger mosquito -- Aedes albopictus
    	Biting midge -- Culicoides sonorensis, the most common midge in much of eastern U.S.




McDermott and Lawson said the larvae of these species naturally consume microorganisms such as yeast, making the microencapsulation an ideal delivery method.

"It acts like a Trojan horse," Lawson said.

Their research showed fluralaner is effective and long-lasting as a larvicide. The study found that a single application of microencapsulated fluralaner could control mosquito larvae for five weeks and midge larvae for eight weeks.

"We compared our product to a couple of commercially available mosquito larvicides, and we found that it was as effective or more effective than the products that are currently on the market," McDermott said.

The study also found that a higher concentration is needed to kill off housefly larvae compared to mosquitoes or biting midges, which McDermott says was not surprising given that houseflies are larger.

However, McDermott said the midges seemed to be less sensitive to the larvicide than mosquitoes, which was not expected because the midge larvae are much smaller than the mosquito larvae.

"So, we do think there's a size component to this, but it's not just size -- there's something about the physiology of the insects as well," she said.

Future use

McDermott envisions this research will lead to the development of a product that could be used around households and trash collection sites, for example.

"The way our product is formulated is that after we encapsulate the active ingredient in the yeast, we freeze-dry it and get it back down to a powdered yeast form," she said. "We envision this product could be in a backpack sprayer, and you would spray it like any other kind of insecticide."

McDermott says her team is engaging with industry partners to move forward with this patent-pending technology.

'We're still several steps away from a commercial application," she said. "With further testing and development, this yeast-based larvicide could provide a new tool for vector-control efforts and public health."

This study was supported by Deployed Warfighter Protection Program Award No. W911QY2210003. The DWFP is a research program tasked with developing and testing management tools for pest and vector species that transmit diseases to deployed war-fighters. It's administered by the Armed Forces Pest Management Board and sponsored by the Department of Defense.
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Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging | ScienceDaily
Bioluminescence is the natural chemical process of light creation in some living creatures that makes fireflies flicker and some jellyfish glow. Scientists have long been interested in borrowing the secrets of these animals' light-producing genes to create similar effects in vertebrates, for a variety of biomedical applications.


						
UC Santa Cruz Assistant Professor of Biomolecular Engineering Andy Yeh is designing completely artificial proteins that produce bioluminescence to serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more. A new paper published in the flagship journal Chem reports on a new series of bioluminescent proteins designed by Yeh and his group, which are small, efficient, highly stable, and can produce multiple colors of light for real-time imaging in cellular and animal models.

This field of designing proteins that are not found in nature, called "de novo protein design," recently won a group of scientists the 2024 Nobel Prize in Chemistry, including David Baker, Yeh's post-doctoral advisor. The proteins described in this paper were created using deep learning protein design softwares developed by Baker's group, as well as protein structure prediction methods produced by DeepMind, whose founder also shared the Nobel Prize.

"We call this de novo protein design, because these proteins are computationally designed from scratch -- it's not found in nature and not even in the evolutionary trajectory. We demonstrated the use of the recently awarded Nobel Prize concept to build up new light-emitting enzymes, which serve as optical-based probes for biological studies," Yeh said.

Better imaging probes beyond fluorescence

Many researchers and clinicians use fluorescence imaging techniques to understand disease, aid in drug discovery, and more. Fluorescence probes require external excitation light to shine. When external light shines on a tissue, every cell responds, creating a lot of background light that makes it harder to distinguish whatever the researcher or clinician is looking for.

Bioluminescent imaging is different in that it is "excitation-free" -- the whole light emission process occurs on a chemical reaction level. Bioluminescence creates no background light response, making it much more effective for imaging features that may be deep within a tissue, like a tumor.




This paper shows that the researchers' light-emitting proteins work at the level of molecules, cells, and in a whole animal, making it more generalizable for different kinds of scientific research. It is especially suitable for non-invasive in vivo imaging because it can reveal information about biological processes deep within a tissue in real time without having to remove a sample from the body.

Visualizing multiple biological events

These specially designed proteins are "orthogonal," with their reaction center highly tailored to the shape of the designed light-emitting molecule. This means that the designer enzyme does not react with other similar molecules that a researcher or clinician may be using at the same time.

"The designed reaction is very specific, so it can be used in combination with existing light-emitting enzymes, because the enzyme recognizes a different molecule," Yeh said. "People already use light-emitting enzymes found in nature for a lot of biological research, and we are not reinventing the wheel. We are creating additional toolkits that work better and can be used in combination with the bioluminescence tools that the scientific community is familiar with."

Yeh and his team also developed a method to shift the color of the light emitted by the proteins. Typically, these enzymes shine blue light, but through an efficient energy transfer process, the researchers made it possible to emit green, yellow, orange, and red light. This would allow a researcher or clinician to monitor various different biological features, called "multiplexing," which is important for studying complex processes such as cancer development.

The new age of de novo protein design

De novo proteins are highly thermostable, meaning that they will not unfold at high temperatures, unlike other naturally occurring bioluminescent enzymes. A highly stable protein would be much easier to use for point-of-care diagnostics, as it would reduce the need for specialized shipping at low temperatures.

"We have now produced light-emitting enzymes with ideal protein folding that nature does not always need to optimize during evolution," Yeh said. "This is the first instance in which we demonstrated that artificial light-emitting enzymes can produce enough photons in vertebrate animals for bioimaging. The computational protein design methods are becoming better and better, and so will the enzymes we design. I believe it is very true what David Baker said: this is just the beginning of de novo protein design."
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New study links air pollution with higher rates of head and neck cancer | ScienceDaily

The article, "Air Pollution Exposure and Head and Neck Cancer Incidence," is the work of a multi-institutional collaboration with researchers from Wayne State University, Johns Hopkins University and Mass General Brigham.

The study was led by John Cramer, Ph.D., associate professor of otolaryngology, and John Peleman, M.D., medical resident in the Department of Otolaryngology, in the Wayne State University School of Medicine. They collaborated with Mass General Brigham, an integrated academic health care system.

"There has been previous research on air pollution, but the effects mostly were connected to cancers within the lower respiratory system," said Cramer. "Head and neck cancer is a harder link to show, and it has a much lower occurrence than lung cancers, but since they also occur as a result of smoking, similar to lung cancers, we wanted to explore any connections. Presumably, the link to head and neck cancer comes from what we breathe to that material affecting the lining in the head and neck. We see a lot of occurrences of where carcinogens touch or pool in the body to where cancers can occur."

"While there has been substantial research investigating the effects of air pollutants on lung disease, few studies have focused on air pollution exposure as a risk factor for the upper airway, including the development of head and neck cancer," said senior author Stella Lee, M.D., of the Center for Surgery and Public Health and Division of Otolaryngology-Head & Neck Surgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham health care system. "These findings shed light on the significant role of environmental pollution in cancers of the upper aerodigestive tract, highlighting the need for further awareness, research and mitigation efforts."

Their research used data from the U.S. Surveillance Epidemiology and End Results (SEER) national cancer database from the years 2002-12. Cramer observed the highest association between this type of pollution exposure with head and neck cancer after a five-year lag period. They focused on PM2.5, which is particulate matter measuring less than 2.5 microns, and its effect on head and neck aerodigestive cancer incidence.

"We are looking at a certain size of air pollution particulates," said Cramer. "The size of the particles is relevant because the classic model for studying the upper airways is that the nose and throat act as filters before it gets into the lungs. Larger particles are being filtered out, but we are conceptualizing that different types of pollution hit different parts of the airways."

Cramer hopes to expand their research by taking other data sets into account. He hopes that by showing this research to the public, it could help guide policy as well as aid treatment in the future.

"Environmental health and personal health are inextricably linked," said co-author Amanda Dilger, M.D. of CSPH and Massachusetts Eye and Ear, a member of the Mass General Brigham health care system. "Our study highlights the need to improve air quality standards in order to decrease the risk of developing cancer, including head and neck cancer."
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Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills | ScienceDaily
In an office full of new coworkers, someone suggests going out for pizza. One person is extra hungry and gobbles up a slice too fast, burning the roof of his mouth in the process.


						
Has something like this ever happened to you? It's an embarrassing moment at first, but later on, it becomes a story you joke about at the office -- and possibly, it could mean much more.

Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But, as Binghamton University, State University of New York Assistant Professor Matthew Lyle helped uncover in a new study, it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships.

The study's results could help managers understand the importance of encouraging shared memories in cross-occupational coordination at their workplace. In other words: it's a good idea for employees to form shared memories with their colleagues.

"One major takeaway from this research is that, for larger projects involving people in different occupations or experience levels within the same company, you'll need some kind of shared experience that enables them not only to work more effectively together but also be more comfortable sharing their ideas," said Lyle, an expert in organizational strategy. "It could also be like a double-edged sword in a way because, if the event is strong enough to bring people together, it could also disrupt established groups."

The study, "'We Can Win This Fight Together': Memory and Cross-Occupational Coordination," was published in the Journal of Management Studies.

How a strike in South Korea helped researchers

Lyle and fellow researchers framed their study around the case of a 170-day strike in 2012 at a South Korean public broadcaster, which they anonymized as "TelvCorp" for the study. Over the years, the broadcaster employed multiple occupations and garnered prestigious awards, won primarily by reporters.




The strike happened after reporters viewed action by South Korea's then-recently-elected conservative government in 2008 as a threat, believing their CEO had been replaced by a pro-administration figure to gain more favorable coverage. The new CEO, a former TelvCorp employee, was accused by staff of promoting executives and managers to monitor news programs and remove content perceived as critical of the government. Reporters decided to strike.

Lyle's study noted that TelvCorp's non-reporters were initially hesitant to participate fully due to their memories of reporters having been self-serving and ego-driven during past strikes. However, the CEO's decision to fire union leaders, which those across occupational boundaries discussed and commonly remembered as a "call to arms," catalyzed intense collaboration. These different groups had become what researchers call a "mnemonic community," or group that remembers together, that endured long after the strike ended.

Unfortunately, the news was not all positive. Lyle and fellow researchers found a divide had emerged between those who went on strike and those who didn't.

"When the strike was over, the situation became more complicated because things were unlikely to go back to the way they were at that workplace," he said. "Now, there's a new group after the strike, with some people saying they could no longer see colleagues who chose an opposite side in the strike as good people."

How this research helps improve office teamwork

While Lyle and his fellow researchers reached these conclusions by studying a single organization, he believes there are lessons to be pulled from their analysis that might broadly aid organizations.




For instance, Lyle said a strong, perhaps unorthodox experience is more likely to encourage collaborative work. For example, in describing a hypothetical company retreat, Lyle mentioned how remembering "when Jenny fell off the rope swing, or when Jim face-planted trying to do that" could form a core memory that makes members more willing to work together.

While Lyle admitted those types of memories may sound juvenile or unnecessary, they form the basis of shared memories that help when people sit down at work to decide how to tackle a problem together. The gobbling of the hot pizza, then, could become a memory with lasting implications.

"When you're in the in-group, you're more likely to help each other out and have each other's backs," Lyle said. "We know we can create those things artificially, but why not create them around some shared experience that makes a memory, that makes people want to work together?"
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Updated guidance reaffirms CPR with breaths essential for cardiac arrest following drowning | ScienceDaily
Updated guidance reaffirms the recommendation for cardiopulmonary resuscitation (CPR) and highlights the importance of compressions with rescue breaths as a first step in responding to cardiac arrest following drowning, according to a new, focused update to Special Circumstances Guidelines from the American Heart Association and the American Academy of Pediatrics. The organizations have previously partnered on neonatal guidelines, however, this is the first collaboration on resuscitation after drowning. The recommendations are published today simultaneously in the flagship, peer-reviewed journals of each organization, Circulation and Pediatrics. The publication in Pediatrics focuses on resuscitation of children following drowning and references pediatric literature, while the publication in Circulation is for resuscitation of both adults and children and includes literature addressing both populations.


						
Drowning is the third-leading cause of death from unintentional injury worldwide. The World Health Organization estimates there are about 236,000 deaths due to drowning each year globally. According to the CDC, it's the number one cause of death for children ages 1-4 years old in the U.S.

Disparities in access to swim lessons and other preventive strategies have created inequities; among children ages 17 and younger, U.S. drowning rates are highest among Black and American Indian and Alaska Native individuals.

"The focused update on drowning contains the most up-to-date, evidence-based recommendations on how to resuscitate someone who has drowned, offering practical guidance for health care professionals, trained rescuers, caregivers and families," said writing group Co-Chair Tracy E. McCallin, M.D., FAAP, associate professor of pediatrics in the division of pediatric emergency medicine at Rainbow Babies and Children's Hospital in Cleveland. "While we work on a daily basis to lower risks of drowning through education and community outreach on drowning prevention, we still need emergency preparedness training that can be used in tragic circumstances if a drowning occurs."

Detailed in the new guideline update:
    	Anyone removed from the water without showing signs of normal breathing or consciousness should be presumed to be in cardiac arrest.
    	Rescuers should immediately initiate CPR that includes rescue breathing in addition to chest compressions. Multiple large studies over time show more people with cardiac arrest from non-cardiac causes such as drowning survive when CPR includes rescue breaths compared to Hands-Only CPR (calling 911 and pushing hard and fast in the center of the chest).

Drowning generally progresses quickly from initial respiratory arrest (when a person is unable to breathe) to cardiac arrest, meaning that the heart stops beating. As a result, blood cannot circulate properly throughout the body, and it is starved of oxygen.

"CPR for cardiac arrest due to drowning must focus on restoring breathing as well as restoring blood circulation," said writing group Co-Chair Cameron Dezfulian, M.D., FAHA, FAAP, senior faculty in pediatrics and critical care at Baylor College of Medicine in Houston.




"Cardiac arrest following drowning is most often due to severe hypoxia, or low blood oxygen levels," Dezfulian said. "This differs from sudden cardiac arrest from a cardiac cause where the individual generally collapses with fully oxygenated blood."

The updated guidance advises untrained rescuers and the public to:
    	Provide CPR with breaths and compressions to all people who have a cardiac arrest after drowning. If a person is untrained, unwilling, or unable to give breaths, they can provide chest compressions only until help arrives.
    	In-water rescue breathing should be given only by rescuers trained in this special skill if it doesn't compromise their own safety. Trained rescuers should also provide supplemental oxygen if available.
    	The initiation of CPR should always be prioritized and begin as soon as possible as early lay responder CPR has been shown to improve outcomes from drowning.
    	The writing group recommends an automated external defibrillator (AED) should be placed in public facilities where aquatic activities are present such as swimming pools or beaches. They can be used once the person is removed from the water, if available, yet should not delay initiation of CPR. If available, the AED should be connected to the patient to assess for shockable rhythms once CPR is ongoing. Although most cases of cardiac arrest following drowning do not have shockable rhythms, if a primary cardiac event such as a heart attack occurs while in the water, the best outcomes are when defibrillation is done quickly. AED use is safe and feasible in aquatic environments.
    	All individuals requiring any level of resuscitation following drowning, including those who only need rescue breaths, should be transported to a hospital for evaluation, monitoring and treatment.

In addition to the recommendations on drowning resuscitation, the guideline update also highlights the Drowning Chain of Survival, which includes the steps needed to improve chances of survival: prevention, recognition and safe rescue.

Prevention

It has been estimated that more than 90% of all drownings are preventable. Research has found most infants drown in bathtubs, and the majority of preschool-aged children drown in swimming pools. The American Heart Association and the American Academy of Pediatrics recommend being water aware and practicing water safety. A full review of prevention is outside the scope of this guideline, however, the topic is addressed in the American Academy of Pediatrics 2021 technical report, Prevention of Drowning, and in guidelines from the World Health Organization and the Wilderness Medical Society.

Recognition

Recognition of drowning may be challenging because someone who is drowning may not be able to verbalize distress or signal for help. Drowning happens quickly. People in distress will rapidly submerge, lose consciousness and may be hidden from anyone not actively seeking them.




Safe Rescue and Removal

The guideline update recommends that appropriately trained rescuers, such as lifeguards, swim instructors or first responders, should provide in-water rescue breathing to an unresponsive person who has drowned if it does not compromise their own safety. Previous studies have proven this leads to more favorable survival outcomes. A drowning person who is unconscious and likely in cardiac arrest should be removed from the water in a near-horizontal position, with the head maintained above body level and airway open. If the drowning individual is conscious, a more vertical position may be preferable to reduce the risk of vomiting.

In summary, "These updated guidelines are based on the latest available evidence and are designed to inform trained rescuers and the public how to proceed in resuscitating people who have drowned. Drowning can be fatal. Our recommendations maximize balancing the need for rapid rescue and resuscitation, while prioritizing rescuer safety," Dezfulian said.

The American Heart Association urges all individuals to enroll in CPR training programs available through its online platform or local community centers. CPR education and training is offered for health care professionals, first responders, individuals, schools and communities. Provision of good rescue breathing requires hands on practice using a manikin or other simulation training.

This joint focused update was prepared by the volunteer writing group on behalf of the American Heart Association and the American Academy of Pediatrics. These updates to current clinical guidelines were developed with input from experts in drowning, pediatrics, adult and pediatric critical care, anesthesiology, emergency medicine, EMS and related fields. It is based on seven systematic reviews completed by the International Liaison Committee on Resuscitation Basic Life Support Task Force, used to generate updated treatment recommendations and good practice statements. This guideline update supersedes the American Heart Association's prior recommendations for drowning issued in 2020 and serves as a complement to the American Academy of Pediatrics 2021 Prevention of Drowning technical report and the related 2019 Prevention of Drowning policy statement. All other recommendations and algorithms published in the 2020 American Heart Association Guidelines for CPR and Emergency Cardiovascular Care remain the official clinical recommendations for resuscitation outside the special circumstance of drowning.
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Lab-grown human immune system uncovers weakened response in cancer patients | ScienceDaily
To better understand why some cancer patients struggle to fight off infections, Georgia Tech researchers have created tiny lab-grown models of human immune systems.


						
These miniature models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

"Our synthetic hydrogels create a breakthrough environment for human immune organoids, allowing us to model antibody production from scratch, more precisely, and for a longer duration," said Ankur Singh, Carl Ring Family Professor in the George W. Woodruff School of Mechanical Engineering and professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory.

"For the first time, we can recreate and sustain complex immunological processes in a synthetic gel, using blood, and effectively track B cell responses," he added. "This is a gamechanger for understanding and treating immune vulnerabilities in patients with lymphoma who have undergone cancer treatment -- and hopefully other disorders too."

Led by Singh, the team created lab-grown immune systems that mimic human tonsils and lymph node tissue to study immune responses more accurately. Their research findings, published in the journal Nature Materials, mark a shift toward in vitro models that more closely represent human immunology. The team also included investigators from Emory University, Children's Hospital of Atlanta, and Vanderbilt University.

Designing a Tiny Immune System Model

The researchers were inspired to address a critical issue in biomedical science: the poor success rate of translating preclinical findings from animal models into effective clinical outcomes, especially in the context of immunity, infection, and vaccine responses.




"While animal models are valuable for many types of research, they often fail to accurately mirror realistic human immune biology, disease mechanisms, and treatment responses," said Monica (Zhe) Zhong, a Bioengineering Ph.D. student and the paper's first author. "To address this, we designed a new model that faithfully replicates the unique complexity of human immune biology across molecular, cellular, tissue, and system levels."

The team used synthetic hydrogels to recreate a microenvironment where B cells from human blood and tonsils can mature and produce antibodies. When immune cells from healthy donors or lymphoma patients are cultured in these gel-like environments, the organoids support longer cell function, allowing processes like antibody formation and adaptation to occur -- similar to the human body. Utilizing the organoids for individual patients helps predict how that individual will respond to infection.

The models also enable researchers to control and test immune responses under various conditions. The team discovered that not all tissue sources are the same, and tonsil cells struggled with longevity issues. They used a specialized setup to study how healthy immune cells react to signals that help them fight infections, which failed to trigger the same response in cells from lymphoma survivors who seemingly have recovered from immunotherapy treatment.

Using organoids embedded in a novel immune organ-on-chip technology, the team observed that immune cells from lymphoma survivors treated with certain immunotherapies do not organize themselves into specific "zones," the way they normally would in a strong immune response. This lack of organization may help explain some immune challenges cancer survivors face, as evidenced by recent clinical findings.

A Game-Changing Technology

This research is primarily of interest to infectious disease researchers, cancer researchers, immunologists, and healthcare professionals dedicated to improving patient outcomes. By studying these miniature immune systems, they can identify why current treatments may not be effective and explore new strategies to enhance immune defenses.




"Lymphoma patients treated with CD20-targeted therapies often face increased susceptibility to infections that can persist years after completing therapy.Understanding these long-term impacts on antibody responses could be key to improving both safety and quality of life for lymphoma survivors," said Dr. Jean Koff, associate professor in the department of Hematology and Oncology at Emory University's Winship Cancer Institute and a co-author on the paper.

"This technology provides deeper biological insights and an innovative way to monitor for recovery of immunological defects over time. It could help clinicians better identify patients who would benefit from specific interventions that reduce infection risk," Koff added.

Another critical and promising aspect of the research is its scalability: An individual researcher can make hundreds of organoids in a single sitting. The model's capability to target different populations -- both healthy and immunosuppressed patients -- vastly increases its usability for vaccine and therapeutic testing.

According to Singh, who directs the Center for Immunoengineering at Georgia Tech, the team is already pushing the research into new dimensions, including developing cellular therapies and an aged immune system model to address aging-related questions.

"At the end of the day, this work most immediately affects cancer patients and survivors, who often struggle with weakened immune responses and may not respond well to standard treatments like vaccines," Singh explained. "This breakthrough could lead to new ways of boosting immune defenses, ultimately helping vulnerable patients stay healthier and recover more fully."

The work was initially funded by the Wellcome Leap HOPE program. This support has led to a boost in recent funding, including a recent $7.5M grant from the National Institute of Allergy and Infectious Diseases.
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Time alone heightens 'threat alert' in teenagers -- even when connecting on social media | ScienceDaily
People in their late teens experience an increased sensitivity to threats after just a few hours left in a room on their own -- an effect that endures even if they are interacting online with friends and family.


						
This is according to latest findings from a cognitive neuroscience experiment conducted at the University of Cambridge, which saw 40 young people aged 16-19 undergo testing before and after several hours alone -- both with and without their smartphones.

Many countries have declared an epidemic of loneliness*. The researchers set out to "induce" loneliness in teenagers and study the effects through a series of tests, from a Pavlovian task to electrodes that measure sweat.

Scientists found that periods of isolation, including those in which participants could use their phones, led to an increased threat response -- the sensing of and reacting to potential dangers. This alertness can cause people to feel anxious and uneasy.

The authors of the study say that isolation and loneliness might lead to excessive "threat vigilance," even when plugged in online, which could negatively impact adolescent mental health over time.

They say it could contribute to the persistent and exaggerated fear responses typical of anxiety disorders on the rise among young people around the world.

While previous studies show isolation leads to anxious behaviour and threat responses in rodents, this is believed to be the first study to demonstrate these effects through experiments involving humans.




The findings are published today in the journal Royal Society Open Science.

"We detected signs of heightened threat vigilance after a few hours of isolation, even when the adolescents had been connected through smartphones and social media," said Emily Towner, study lead author from Cambridge's Department of Psychology.

"This alertness to perceived threats might be the same mechanism that leads to the excessive worry and inability to feel safe which characterises anxiety," said Towner, a Gates Cambridge Scholar.

"It makes evolutionary sense that being alone increases our vigilance to potential threats. These threat response mechanisms undergo a lot of changes in adolescence, a stage of life marked by increasing independence and social sensitivity."

"Our experiment suggests that periods of isolation in adolescents might increase their vulnerability to the development of anxiety, even when they are connected virtually."

Researchers recruited young people from the local area in Cambridge, UK, conducting extensive screening to create a pool of 18 boys and 22 girls who had good social connections and no history of mental health issues.




Participants were given initial tests and questionnaires to establish a "baseline." These included the Pavlovian threat test, in which they were shown a series of shapes on a screen, one of which was paired with a harsh noise played through headphones, so the shape became associated with a feeling of apprehension.

Electrodes attached to fingers monitored "electrodermal activity" -- a physiological marker of stress -- throughout this test.**

Each participant returned for two separate stints of around four hours isolated in a room in Cambridge University's Psychology Department, after which the tests were completed again. There was around a month, on average, between sessions.

All participants underwent two isolation sessions. One was spent with a few puzzles to pass the time, but no connection to the outside world. For the other, participants were allowed smartphones and given wi-fi codes, as well as music and novels. The only major rule in both sessions was they had to stay awake.***

"We set out to replicate behaviour in humans that previous animal studies had found after isolation," said Towner. "We wanted to know about the experience of loneliness, and you can't ask animals how lonely they feel."

Self-reported loneliness increased from baseline after both sessions. It was lower on average after isolation with social media, compared to full isolation.****

However, participants found the threat cue -- the shape paired with a jarring sound -- more anxiety-inducing and unpleasant after both isolation sessions, with electrodes also measuring elevated stress activity.

On average across the study, threat responses were 70% higher after the isolation sessions compared to the baseline, regardless of whether participants had been interacting digitally.

"Although virtual social interactions helped our participants feel less lonely compared to total isolation, their heightened threat response remained," said Towner.

Previous studies have found a link between chronic loneliness and alertness to threats. The latest findings support the idea that social isolation may directly contribute to heightened fear responses, say researchers.

Dr Livia Tomova, co-senior author and lecturer in Psychology at Cardiff University, who conducted the work while at Cambridge, added: "Loneliness among adolescents around the world has nearly doubled in recent years. The need for social interaction is especially intense during adolescence, but it is not clear whether online socialising can fulfil this need.

"This study has shown that digital interactions might not mitigate some of the deep-rooted effects that isolation appears to have on teenagers."

Notes:

*For example, in 2023 the U.S. Surgeon General declared an epidemic of loneliness and isolation.

**Electrodes placed on the fingers record small deflections in sweat and subsequent changes in electrical conductivity of the skin (electrodermal activity). Electrodermal activity is used to detect stress levels and increases with emotional or physical arousal.

***The baseline tests were always taken first. The order of the two isolation sessions was randomly allocated. For sessions with digital interactions allowed, most participants used social media (35 out of 40), with texting being the most common form of interaction (37 out of 40). Other popular platforms included Snapchat, Instagram, and WhatsApp. Participants mainly connected virtually with friends (38), followed by family (19), romantic partners (13), and acquaintances (4).

**** Average self-reported loneliness more than doubled after the isolation session with social media compared to baseline and nearly tripled after the complete isolation session compared to baseline.
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Immunotherapy drug pembrolizumab improves outcomes for patients with soft tissue sarcoma | ScienceDaily
Addition of the immunotherapy drug pembrolizumab to standard of care for patients with advanced soft tissue sarcoma of the limb significantly improved disease-free survival, according to the results of the SU2C-SARC032 clinical trial led by researchers from the University of Pittsburgh, UPMC, Duke University and Princess Margaret Cancer Centre, University Health Network.


						
The findings, published today in The Lancet, establish pembrolizumab as a new option for patients with this disease.

"Soft tissue sarcoma is a rare and complex disease with over 50 different subtypes, which makes it hard to study in large clinical trials," said lead author Yvonne Mowery, M.D., Ph.D., associate professor of radiation oncology at Pitt and UPMC Hillman Cancer Center. "Since we haven't made much progress in treating these patients for decades, it's really exciting that this trial shows pembrolizumab can improve outcomes beyond current standard of care for patients with locally advanced disease."

Senior author David Kirsch, M.D., Ph.D., leader of the Stand Up To Cancer(r) (SU2C) Catalyst Research Team, which ran the clinical trial, and head of the Radiation Medicine Program at Princess Margaret Cancer Centre at the University Health Network in Toronto, Canada, added: "This clinical trial is a major advance for patients with the kinds of sarcoma that were included in our study. We found that immunotherapy can improve outcomes for patients with the most aggressive form of the disease, suggesting that further optimization of immunotherapy may lead to even greater gains for our patients."

Soft tissue sarcoma of the extremity is a group of tumors that originate in the muscles, tendons, fat, blood vessels or nerves of the legs and arms. About half of patients with large, high-grade sarcomas develop incurable metastases, so intervention before signs of metastatic disease is essential, according to Mowery.

"We typically treat patients with a combination of surgery and radiation therapy," she said. "Some patients also receive chemotherapy, but the data are mixed on its effectiveness and it's also very toxic, so we were interested in seeing whether immunotherapy could improve outcomes for patients."

Across 20 institutions in the U.S., Canada, Australia and Italy, the researchers enrolled patients with stage 3, grade 2 or 3 soft tissue sarcoma of the extremities, including two subtypes -- undifferentiated pleomorphic sarcoma and dedifferentiated/pleomorphic liposarcoma.




Patients in the control group received standard of care, which included preoperative radiotherapy and surgery, while those in the experimental group received both preoperative and postoperative infusions of pembrolizumab, in addition to standard of care.

In a total of 127 patients, the two-year disease-free survival rate was 52% for the control group and 67% for the experimental group, indicating that the addition of pembrolizumab reduced recurrence or death for patients.

As expected, serious adverse events were more frequent in the experimental group (56%) compared with the control group (31%), but there were no deaths related to treatment in either group. Importantly, these findings suggest that pembrolizumab may be a less toxic treatment option than chemotherapy.

While the researchers say it's too early to say whether the addition of pembrolizumab improves overall survival, they will continue to monitor these patients to help answer that question.

"Based on our finding that pembrolizumab significantly improved disease-free survival, we hope that more clinicians will start incorporating immunotherapy into their practice for these patients," said Mowery. "Given that there are such limited effective options for patients with metastatic disease, our hope is that reducing the number of patients who develop metastases will ultimately lead to improvements in overall survival."

Additional authors on the study are listed in the manuscript.

The SU2C-SARC032 clinical trial was sponsored by SARC (Sarcoma Alliance for Research Through Collaboration). The trial was funded by by a SU2C Catalyst(r) grant and was supported by Merck's (known as MSD outside the United States and Canada) Investigator Studies Program with the provision of study drug and financial support. Additional funding was provided by ANZSA (Australia and New Zealand Sarcoma Association), Cancer Australia, the GPA Andrew Ursini Charitable Fund and the National Cancer Institute (P30CA046592).
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.
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Novel calculator predicts risk of epilepsy after rare stroke | ScienceDaily
A practical calculator that predicts the risk of epilepsy after venous stroke is presented in a study from the University of Gothenburg and others. The aim is to improve care for those affected, which are predominantly young adults.


						
A blood clot in the cerebral venous system (cerebral venous thrombosis) is a rare but important cause of stroke. In Sweden, around 150 individuals are affected each year, typically affecting women between the ages of 20 and 50. One in three patients experiences a seizure during the acute phase. Predicting who is at high or low risk of recurrent seizures, epilepsy, is complicated.

In an international collaboration between fifteen centers across three continents, researchers from Sahlgrenska Academy at the University of Gothenburg and Sahlgrenska University Hospital have developed a practical calculator that quickly calculates the risk of developing epilepsy at the onset of the disease. The results of the multi-center study are now presented in JAMA Neurology and the tool is made freely available.

Important to predict the aftermath

First author of the study is Erik Lindgren Bogdanoff, researcher at the Section of Clinical Neurosciences, Sahlgrenska Academy at the University of Gothenburg, and Resident Physician in Neurology at Sahlgrenska University Hospital.

"The calculator predicts the risk of epilepsy based on factors that are already available in clinical routine when the person is hospitalized, there is therefore no need for additional tests or investigations," he says, and he continues:

"For those affected by sinus thrombosis, it is very important to know what the aftermath looks like. Priorly, we have not able to predict what patients have the highest risk of developing epilepsy after cerebral venous thrombosis." With a high predicted risk of future seizures, preventive medication can be considered in consultation between doctor and patient.




Erik Lindgren Bogdanoff emphasizes that although epilepsy could have negative impact on the quality of life, most people with epilepsy are able to pursue their life normally even with diagnosis of epilepsy. However, without the proper treatment, seizures can be so severe that they require hospitalization. It is hoped that the calculator can be used by physicians worldwide to support treatment decisions or inform patients about risks, and can be used in future studies on preventive treatment with medicine.

Can improve care for young people 

The study is based on registry data from the International Cerebral Venous Thrombosis Consortium (ICVTC) and the results have since been confirmed in two additional independent registries: the US ACTION-CVT and the Israeli CVT Study. In total, data from over 2,000 individuals have been analyzed.

"The involvement of research participants, together with extensive international collaboration, has been a prerequisite for obtaining sufficient data and conducting studies despite being a rare disease, which provide results that can be translated into clinical practice. Although the disease itself is relatively rare, it is important to improve care for those affected. The results are a step towards more person-centered care for young people affected by stroke," says Erik Lindgren Bogdanoff.
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Glioblastoma: New treatment attacks brain tumors from multiple angles | ScienceDaily
Glioblastoma is the most common kind of malignant brain tumor in adults. So far, no treatment has been able to make this aggressive tumor permanently disappear. The tumor cells are too varied, and the microenvironment is too tumor-friendly. Researchers at the University of Basel and University Hospital Basel have now developed an immunotherapy that not only attacks the tumor -- it also turns its microenvironment against it.


						
For some years now, CAR T-cells have been bringing new momentum to immunotherapies against cancer. How it works: experts take the patient's T-cells and reprogram them in the lab so that they can recognize structures on cancer cells with the help of a receptor called chimeric antigen receptor (CAR). Once back in the body, the T-cells hunt down and eradicate the cancer cells. This method has already been very successful in some forms of leukemia.

But solid tumors and especially brain tumors present obstacles to the success of CAR T-cells. First, it's difficult for the cancer hunters to get inside a tumor. Second, not all the cancer cells necessarily have the structure the T-cells can recognize and attack. And third, solid tumors in human tissue have a microenvironment that fends off immune system attacks. "Especially in the brain, where T-cells aren't normally found, the environment is really hostile to them," explains Professor Gregor Hutter of the University of Basel and the University Hospital Basel.

Tenacious tumors

Hutter and his team are searching for ways to fight glioblastoma. These brain tumors are unfortunately tenacious, usually returning even after operation and treatment. However, the time gained by an operation could be used to reprogram the patient's own T-cells into CAR T-cells in the lab. Injecting these directly into the regrowing tumor avoids the obstacle of the CAR T-cells not being able to get to the cancer. Once inside, the T-cells attack all cancer cells that carry the recognized structure.

From pro- to anti-tumor

The CAR T-cells developed by Hutter's team have an extra feature aimed at altering the microenvironment. The researchers also give the therapeutic T-cells a blueprint for a molecule. This molecule blocks the signals the tumor uses to hijack the immune cells in its environment for its own purposes. These signals allow the tumor to turn immune cells, or more precisely microglia and macrophages, into traitors to their own body. Instead of attacking the cancer, they prevent the immune system from attacking it.




Traitors turn back into defenders

Once the implanted molecule stops these tumor signals, macrophages and microglia can support the CAR T-cells in their attack on the glioblastoma -- even on cancer cells that lack the specific recognized structure.

Trials with mice in whom the researchers implanted human glioblastoma cells have already shown that the treatment is very successful. The CAR T-cells were able to get rid of all of the cancer cells. The research team also tested the method against lymphoma, which is cancer of the lymphatic system. The treatment also appeared promising in these tests.

Clinical studies to follow soon

As their next step, Hutter and his team want to offer the treatment to patients in a first clinical study to test its effectiveness and safety. "Since we inject the treatment locally and don't deliver it through the bloodstream, side effects on the rest of the body should be limited," says Gregor Hutter. However, possible side effects on the nervous system -- which are already known to occur from other CAR T-cell therapies -- and how much these can be curbed can only be determined through studies, he adds.
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Debunked: Children aren't quicker at picking up new motor skills than adults | ScienceDaily
Contrary to popular belief, children aren't better at learning new skills than adults. Indeed, young adults seem to learn faster than kids -- but also tend to forget more quickly. Here, better sleep seems to advantage children. This is the conclusion of a new study from the University of Copenhagen.


						
It's widely believed that children learn new motor skills faster than adults, whether it's mastering slopes or skateparks, learning new languages, doing cartwheels or picking up new dance moves from social media.

"There's an assumption in popular science literature and various textbooks that children in a certain age range -- from roughly the age of eight until puberty -- are better at learning new skills than adults. This is often described as a 'golden age for motor skills learning'. But there's no actual physiological basis for this so-called golden age," says Jesper Lundbye-Jensen, associate professor at the University of Copenhagen's Department of Nutrition, Exercise and Sports and head of the section 'Movement & Neuroscience.

The popular notion of a pre-pubescent motor learning peak prompted the researchers to investigate how age-related differences in our central nervous system affect motor skill learning. Their findings are now published in Developmental Science.

In the study, the researchers tested the motor learning abilities of 132 participants from four age groups: 8-10 years, 12-14 years, 16-18 years, and 20-30 years. In a lab setting, participants practiced moving a cursor on a computer screen with fast and precise finger movements.

Older participants learned faster

Participant performance was measured immediately after being introduced to the task (as a baseline), during the training session, and again 24 hours later.




During the training session itself, both the 16-18-year-olds and 20-30-year-olds improved their skills significantly more than the 8-10-year-olds.

"So, it appears that both teenagers and younger adults are better equipped to quickly acquire new skills compared to children, who showed smaller and slower improvements. At least when it comes to short-term learning and motor skills which this study investigated" explains Mikkel Malling Beck, the research article's lead author and a former PhD student at the Department of Nutrition, Exercise and Sports who now works as a researcher at the Danish Research Centre for Magnetic Resonance at Hvidovre Hospital.

While the researchers cannot pinpoint the exact reasons for why the adults learn faster, they have a few theories.

"The results demonstrate that the older the participants are, the more skillful they become during the early stages of training. This suggests that they get more out of the task introduction. We suspect that cognitive development and an increased ability to process information play a role -- meaning adults may have more experience receiving instructions and translating them into action," says Jesper Lundbye-Jensen, adding:

"The difference may also be because the fully developed nervous system of an adult provides better structural conditions for learning. In other words, after many years of schooling, adults may be more experienced learners and thereby more efficient at learning new things."

Children benefit more from sleep

The picture changes when it comes to retention:




"When we look at what happens from the end of training until the participants return the next day, the dynamic reverses. While the youngest participants actually improve overnight, adults lose some of their ability to perform. This means the youngest ones are better at consolidating and reinforcing their memory after they've practiced," says Mikkel Malling Beck.

According to the researchers, this suggests that sleep benefits children's learning and memory more. But other factors could also be at play. For example, older children and adults typically sleep less and have more "competing" activities throughout the day. Memory-consolidation processes in the nervous system continue for hours after the training ends.

"When a math class ends, the brain keeps working on what was taught, and in doing so, reinforces memory. Sleep is known to aid consolidation. But engaging in other activities in the hours after -especially those that involve learning -- can interfere with memory processes and the consolidation of what was just learned," explains Jesper Lundbye-Jensen.

Potential applications for professionals

While the overall learning outcome doesn't vary drastically across age groups, the study does show that the learning process differs significantly depending on age, with underlying mechanisms influenced by the maturity of one's central nervous system.

According to the researchers, the results could be useful in teaching and training fields that involve skill and movement, such as sports and music. Jesper Lundbye-Jensen points out that the results are relevant in other areas as well:

"For anyone aiming to improve their skills, it's crucial to structure training so that each individual gets the most out of their time. This is also true for people undergoing rehabilitation to regain functional ability. We hope that this new understanding of age-related differences and post-training processes will inspire physiotherapists, occupational therapists, and other professionals when designing training protocols."

ABOUT THE STUDY
    	The main study included 132 participants: children, teenagers, and adults, divided into four age groups (8-10 years, 12-14 years, 16-18 years, and 20-30 years).
    	The motor task practiced by participants was specifically designed for the study to ensure that it was novel for all participants.
    	Baseline performance was measured immediately after introduction of the task. Participants then trained for 30 minutes, followed by a short break and another skills test. After 24 hours, participants returned to the lab for a final test.
    	To account for the initially better performance and greater improvements among adults compared to the youngest children, the researchers conducted control experiments making the task more challenging for adults to match an 8-10-year-old's level. Even with this adjustment, adults showed more improvement within the training session, while the children's memory benefited more from the hours following the training, including sleep.
    	The study only investigated motor skill learning and therefore cannot draw conclusions about other types of learning.
    	The study is a short-term study and the results do not indicate whether similar age-related patterns would be reflected in long-term effects.
    	The scientific article about the study has been published in the journal Developmental Science. The researchers behind the study are: Mikkel Malling Beck, Frederikke Toft Kristensen, Gitte Abrahamsen, Meaghan Elizabeth Spedden and Jesper Lundbye-Jensen from the Department of Nutrition, Exercise and Sports and Mark Schram Christensen from the Department of Psychology, University of Copenhagen.
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'Moonlighting' enzymes can lead to new cancer therapies | ScienceDaily
Researchers at the Centre for Genomic Regulation (CRG) reveal that metabolic enzymes known for their roles in energy production and nucleotide synthesis are taking on unexpected "second jobs" within the nucleus, orchestrating critical functions like cell division and DNA repair.


						
The discovery, reported across two separate research papers out today in Nature Communications, not only challenges longstanding biological paradigms in cellular biology but also opens new avenues for cancer therapies, particularly against aggressive tumours like triple-negative breast cancer (TNBC).

For decades, biology textbooks have neatly compartmentalised cellular functions. Mitochondria are the powerhouses of the cell, the cytoplasm is a bustling factory floor for protein synthesis, and the nucleus a custodian of genetic information. However, Dr. Sara Sdelci and her team at the CRG have discovered that the boundaries between these cellular compartments are less defined than previously thought.

"Metabolic enzymes are moonlighting outside of their traditional neighbourhood. It's like discovering your local baker is also a brewer in the next town over. There's an overlap in the skillset, but they're doing entirely different jobs for entirely different purposes," says Dr. Sdelci, lead author of both research papers.

"Surprisingly, their secondary roles in the nucleus are just as critical as their primary metabolic functions. It's a new layer of complexity that we hadn't appreciated before," she adds.

In one of the studies, researcher Dr. Natalia Pardo Lorente focused on the metabolic enzyme MTHFD2. Traditionally, MTHFD2 is found in the mitochondria, where it plays a key role in synthesising the building blocks of life and contributing to cell growth. Pardo Lorente's work reveals that MTHFD2 also moonlights within the nucleus, where it plays a pivotal role in ensuring proper cell division.

The study is the first to demonstrate that the nucleus relies on metabolic pathways to maintain the integrity and stability of the human genome. "Our finding fundamentally alters our understanding of how cells are organised," explains Dr. Pardo Lorente. "The nucleus isn't just a passive storage space for DNA; it has its own metabolic needs and processes."

In the second study, researchers Dr. Marta Garcia-Cao and Dr. Lorena Espinar turned their attention to triple-negative breast cancer, the most aggressive type of breast cancer there is. The disease is responsible for around one in eight breast cancer diagnoses and amounts to roughly 200,000 new cases each year worldwide.




Usually, excessive DNA damage triggers cell death. However, TNBC has a propensity to accumulate DNA damage without consequence, making it resilient to conventional treatments. The study helps partly explain why: the metabolic enzyme IMPDH2 relocates to the nucleus of TNBC cells to assist in DNA repair processes. "IMPDH2 acts like a mechanic in the cell's nucleus, controlling the DNA damage response that would otherwise kill the cancer cell," explains Garcia-Cao.

By experimentally manipulating IMPDH2 levels, the team found they could tip the balance. Increasing IMPDH2 within the nucleus overwhelmed the cancer cells' repair machinery, causing cells to self-destruct. "It's like overloading a sinking ship with more water -- eventually, it sinks faster," says Espinar. Their approach effectively forces TNBC cells to succumb to the very DNA damage they are typically resilient to.

The study can also lead to new ways of monitoring cancer. The research on IMPDH2 also studied its interaction with PARP1, a protein already targeted by existing cancer drugs. "IMPDH2 could serve as a biomarker to predict which tumours will respond to PARP1 inhibitors," explains Garcia-Cao.

Both studies contribute to an emerging field of therapies targeting cancer by exploiting its metabolic vulnerabilities. "Metabolic enzymes are an entirely new class of therapeutic targets for us to exploit. It paves the way for a two-pronged attack against cancer cells: disrupting their energy production while simultaneously impairing their ability to repair DNA and divide properly. Combining this strategy with conventional treatments could give cancer less room to adapt and help tackle the usual mechanisms of drug resistance," explains Dr. Sdelci.

While the concept of enzymes having multiple roles within a cell is not entirely new, the studies show the extent and significance of these "second jobs" are only beginning to be appreciated. "This is a paradigm shift and there might be many more moonlighting metabolic enzymes yet to be found," says Dr. Pardo Lorente. "The cell is more interconnected than we thought, and that opens up exciting possibilities for science and medicine."
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One genomic test can diagnose nearly any infection | ScienceDaily
A genomic test developed at UC San Francisco to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.


						
The test has the potential to vastly improve care for neurological infections that cause diseases like meningitis and encephalitis, as well as speed up the detection of new viral pandemic threats. It uses a powerful genomic sequencing technique, called metagenomic next-generation sequencing (mNGS).

Rather than looking for one type of pathogen at a time, mNGS analyzes all the nucleic acids, RNA and DNA, that are present in a sample.

"Our technology is deceptively simple," said Charles Chiu, MD, PhD, professor of laboratory medicine and infectious diseases at UCSF and senior author of the study. "By replacing multiple tests with a single test, we can take the lengthy guesswork out of diagnosing and treating infections."

The researchers originally developed a clinical mNGS test to analyze cerebrospinal fluid (CSF), the pristine liquid that bathes the brain and spinal cord.

The test has now been performed on thousands of patients with unexplained neurological symptoms, both at UCSF and other hospitals across the country.

In a paper that appears Nov. 12 in Nature Medicine, the team demonstrated that the mNGS test correctly identified 86% of neurological infections.




In a companion study published the same day in Nature Communications, the team also used mNGS to identify pathogens in respiratory fluid that can cause pneumonia, and automated it to get results faster.

They expect that the automated test will be able to detect novel viral pathogens that could cause respiratory pandemics like COVID-19.

A breakthrough in diagnosing rare, infectious neurological disease 

Neurological diseases can be very hard to diagnose, especially when the cause is a rare or previously unknown pathogen. In many cases, each day without a diagnosis means a continual worsening of a patient's condition.

In the early 2010s, Chiu, along with UCSF colleagues Joe DeRisi, PhD, and Michael Wilson, MD, developed a novel metagenomic sequencing method to test CSF for potential pathogens causing neurologic infections.

The test works by sequencing all the genetic material in CSF, then running a computational analysis pipeline to separate human sequences from those that originate from bacteria, viruses, fungi or parasites.




In 2014, the team used the technology to help doctors in Wisconsin treat a young boy who was critically ill in the intensive care unit with an undiagnosed infection.

A long series of tests had failed to find out what was wrong with him, but UCSF's test took just 48 hours to reveal that the boy had leptospirosis, which is treatable with penicillin. His doctors gave it to him, and he fully recovered.

The mNGS test soon became routine at UCSF, with hospitals and clinics nationwide sending samples to be processed by the UCSF Clinical Microbiology Laboratory, of which Chiu is the director.

Between 2016 and 2023, the UCSF team analyzed nearly 5,000 CSF samples with the test, 14.4% of which turned out to have an infection. In those samples, the test accurately identified the pathogen 86% of the time.

"Our mNGS test performs better than any other category of test for neurologic infections," Chiu said, "The results support its use as a critical part of the diagnostic armamentarium for physicians who are working up patients with infectious diseases."

To increase access to this technology, Chiu, DeRisi, Wilson and others helped found Delve Bio, which is now the exclusive provider of the mNGS CSF test developed at UCSF.

"These findings support including mNGS as a core tool in the clinical workup for CNS infections," said Steve Miller, MD, PhD, chief medical officer of Delve Bio. "mNGS offers the single most unbiased, complete and definitive tool for pathogen detection. Thanks to its ability to quickly diagnose an infection, mNGS helps guide management decisions and treatment for patients with meningitis and encephalitis, potentially reducing healthcare costs down the line."

Preparing for the next pandemic 

If it is going to serve as an early-warning system for pandemics, the mNGS test must be fast. Chiu and his colleagues have adapted it to work with respiratory fluid and figured out how to automate it.

Whereas the CSF test entails more than 100 separate steps and can take 2 to 7 days to process, the respiratory test requires just 30 minutes of hands-on time before robots and algorithms can take over.

"Our goal was to have the entire process completed within 12 to 24 hours, giving a same-day or next-day result," Chiu said.

In the Nature Communications study, the researchers demonstrated that the test could detect respiratory viruses with pandemic potential, including SARS-CoV-2, influenza A and B, and RSV in less than a day, even when there were only small amounts of virus present in a sample.

They also modeled the technology's ability to detect divergent viruses -- or newly-evolved strains -- and found that it could hypothetically detect all of them, should they emerge in the future.

Both the CSF and respiratory versions of the mNGS test have received breakthrough device designation from the U.S. Food and Drug Administration (FDA).

Authors: For the Nature Medicine paper, other UCSF authors are Patrick Benoit, MD, Noah Brazer, Mikael de Lorenzi-Tognon, MD, PhD, Emily Kelly, MD, MS, Venice Servellita, MS, Miriam Oseguera, Jenny Nguyen, MD, MA, Jack Tang, MHS, Charles Omura, Jessica Streithorst, PhD, Melissa Hillberg, Danielle Ingebrigtsen, MHS, Kelsey Zorn, MHS, and Michael R. Wilson, MD. For all authors, see the paper.

For the Nature Communications paper, other UCSF authors are Jessica Karielle Tan, PhD, Venice Servellita, MS, Doug Stryke, Emily Kelly, MD, MS, Jessica Streithorst, PhD, Nanami Sumimoto, Abiodun Foresythe, Hee Jae Huh, Jenny Nguyen MD, MA, Miriam Oseguera, Noah Brazer, Jack Tang, MHS, Danielle Ingebrigtsen, MHS, Becky Fung, Helen Reyes, Melissa Hillberg, Peter M. Mourani, Charles R. Langelier, MD, PhD, Mikael de Lorenzi-Tognon, MD, PhD, and Patrick Benoit, MD. For all authors, see the paper.

Funding: The Nature Medicine paper was supported in part by a BARDA EZ-BAA award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641 and the Chan Zuckerberg Biohub San Francisco.

The Nature Communications paper was supported in part by in part by a BARDA EZ-BAA 494 award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641, Abbott Laboratories and the Chan Zuckerberg Biohub San Francisco.

Disclosures: Chiu is a founder of Delve Bio and serves on its scientific advisory board, as well as those of Flightpath Biosciences, Biomeme, Mammoth Biosciences, BiomeSense and Poppy Health. He is also an inventor on US patent 509 11380421, "Pathogen detection using next generation sequencing." Wilson is a co-founder and serves on the scientific advisory board and board of directors for Delve Bio.
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Blood vessel-like coating could make medical devices safer for patients | ScienceDaily
University of B.C. researchers have developed a groundbreaking coating that could make medical devices safer for millions of patients, reducing the risks associated with blood clots and dangerous bleeding.


						
The new material, designed to mimic the natural behavior of blood vessels, could allow for safer use of blood-contacting devices like catheters, stents, blood-oxygenation machines and dialysis machines -- especially in cases where blood clots are a significant concern.

"This discovery could be a transformative step in the development of safer medical devices," said Dr. Jayachandran Kizhakkedathu, a professor of pathology and laboratory medicine and Tier 1 Canada Research Chair in Immunomodulation Materials and Immunotherapy who led the study out of the Center for Blood Research at UBC. "By designing a coating that mimics the body's natural approach to preventing clots, we've created a solution that could dramatically reduce the need for risky blood thinners before and after patients use these devices."

Thrombosis, or clot formation, is a major challenge when blood-contacting devices are used. Unlike natural blood vessels, these devices can trigger clotting by activating specific proteins in the blood. Blood clots can obstruct the device, disrupting treatment, or lead to severe complications such as stroke and heart attack.

Doctors often prescribe high doses of blood thinners to prevent clots on these devices, but this approach increases the risk of dangerous bleeding -- a trade-off that many patients and clinicians would rather avoid.

The newly developed coating offers a promising alternative. It's engineered to imitate how blood vessels function -- encouraging normal blood flow without triggering clot formation. Imagine the coating as a "soft barrier" on a device that attracts a key blood protein but keeps it from activating the clotting process.

"By interacting with this protein in a controlled way, the coating prevents it from sparking a cascade of events that lead to clot formation," said Dr. Haifeng Ji, a Michael Smith Health Research BC postdoctoral fellow at the Center for Blood Research and first author of the study.




In lab and animal studies, the coating demonstrated significant reductions in clot formation on device surfaces, without the use of blood thinners and without affecting the normal clotting functions elsewhere in the body.

"One of the most surprising insights was that controlling the interaction between the coating and specific blood proteins could prevent clotting without disrupting the body's natural balance," Dr. Kizhakkedathu said. "This shows us that mimicking the body's own mechanisms, rather than simply repelling blood components, is key to truly biocompatible device design."

The innovation comes as demand for blood-contacting devices continues to rise. In the U.S. alone, millions of vascular catheters are placed each year, and hundreds of thousands of patients depend on devices like dialysis machines to maintain their health.

Looking ahead, the research team plans to explore how this innovative coating could be further optimized and applied to a broader range of blood-contacting devices. Key questions remain about how the coating interacts with other blood proteins and cells, and whether the coating interacts with coagulation proteins through single-layer or multi-layer designs.

Additionally, the team is interested in understanding whether this approach could eventually be adapted to address other blood-related complications, such as inflammation or infection, in long-term medical implants.

By delving deeper into the biological mechanisms that make this coating so effective, future studies could pave the way for a new generation of medical devices that not only prevent clotting but integrate seamlessly with the body's natural processes.
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Researchers develop nanofiber patch for treatment of psoriasis | ScienceDaily
Researchers at the University of Copenhagen have developed a patch for easier and more effective treatment of psoriasis. The method may also be used in treatment of other inflammatory skin diseases.


						
Four to five per cent of the Danish population has psoriasis, which is one of the most common skin conditions in the world. The inflammatory disease is characterised by a red rash with white scales, which may vary in form, size and severity.

Today, there are several treatment options for psoriasis patients. Creams and ointments are among the most common. The problem is that the cream must be applied several times a day and leaves the skin feeling greasy, and therefore, some patients often fail to use it consistently, which is vital for treatment success.

Now researchers at the University of Copenhagen have produced a prototype for a patch that may help solve this problem.

"We have developed a dry patch, which contains active ingredients for treatment of psoriasis, and which reduces the frequency of use to once a day. It has the potential to make treatment more comfortable for psoriasis patients," says Associate Professor Andrea Heinz from the Department of Pharmacy, who is the corresponding author on a series of articles exploring the patch's ability to treat psoriasis.

One patch serving several functions

The patch is designed to contain two active ingredients at once and release them onto the skin at different rates.




"It is really clever, because treatment of psoriasis often requires more than one product. The two ingredients are released in a controlled manner and at different rates, as they serve different functions: Salicylic acid is released immediately to remove the dead cells that have accumulated on the skin, while hydrocortisone decreases inflammation of the skin -- a process that takes more time," says first author of the studies Anna-Lena Gurtler and adds:

"We have tested the prototype on pig skin and human skin cells and compared the results to the creams and ointments available at pharmacies, and our studies show that the patch is just as effective as standard treatments."

Potential to treat other conditions

The researchers used electrospinning to produce the patch -- a method where high voltage is applied to a polymer solution to produce synthetic nanofibers. The fibres are then used to make a fibre mat that may be attached to the skin like a plaster.

The researchers are still working on the patch. More research, product development and clinical trials are needed before the method is ready for use. According to Andrea Heinz, though, it has great potential that extends beyond psoriasis treatment:

"A patch containing active ingredients may be an alternative to creams and ointments in the treatment of other inflammatory skin diseases, for instance atopic eczema. It may also be useful in connection with wound healing."
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Using CRISPR to decipher whether gene variants lead to cancer | ScienceDaily
Researchers at ETH Zurich have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.


						
In recent years, scientists have created a range of new methods based on CRISPR-Cas technology for precisely editing the genetic material of living organisms. One application is in cell therapy: a patient's immune cells can be specifically reprogrammed to fight cancer more effectively.

Researchers in the Department of Biosystems Science and Engineering at ETH Zurich in Basel have now found a further application for these novel CRISPR-Cas methods: led by ETH Professor Randall Platt, the researchers are using them to decipher how mutations in a cell's genome affect its function. The sequence of DNA building blocks in tumour cells, for example, differs from that in healthy cells. With the new approach, the researchers can generate tens of thousands of cells with different gene variants in Petri dishes. They can then decipher which of the variants contribute to the development of cancer and which make the cancer cells resistant to standard drugs.

Combining two methods

Scientists already had the ability to make individual changes to the genome of cells. But the ETH researchers' project plans were much more complex: they modified one gene in two human cell lines in over 50,000 different ways, thereby creating a correspondingly large number of different cell variants, and then tested the function of those cells. For their proof of concept, they worked with the EGFR gene, which is central to the development of various types of cancer, including lung, brain and breast cancer.

Platt and his team combined two CRISPR-Cas methods to produce a huge number of variants of this gene. Both methods were developed in recent years by researchers at MIT and Harvard University in the United States, and both have advantages and disadvantages. One of these methods, base editing, allows individual building blocks of DNA, known as bases, to be modified very easily and reliably. However, the possibilities of base editing are limited: it can generally switch the DNA base C with the base T, or A with G.

Several tens of thousands of cells changed

The second method the researchers used is prime editing. Theoretically, this method is very powerful: similar to the "search and replace" function of a word processing program, it can change individual sequences of genetic code in a targeted manner. "We can use it to swap any DNA base for another. Or we can insert, say, three or ten bases into the genome or delete the same number," Platt says. "In principle, you can do whatever you want with it."




However, prime editing doesn't work reliably. This has made it difficult to use it to create an entire pool of several tens of thousands of differently modified cells that could then be put through screening. Platt and his team have now achieved this.

Important for oncology

Cell pools with different gene variants are crucial for research. That's because oncologists are increasingly analysing the genetic information in patients' tumour cells base by base. This information often gives them clues as to which medication might work for an individual patient.

In recent years, scientists have built databases containing thousands of different genetic variants found in patients. For about half of these variants, the databases also contain a thorough description of their effects. For the other half, all that's known is that they occur in patients; it's not clear what impact they have, if any, on the development or treatment of cancer. Scientists refer to these as "variants of uncertain significance." If a physician finds such a variant in a patient, that information is of little use to them.

Researchers are convinced that oncology would benefit enormously from having more information on these variants. That's why they're trying to produce cells with these gene variants in the laboratory, so they can then analyse the function of those cells. In recent years, researchers have done much work in preparation for this possibility. They already had the option of employing base editing as a method, but the problem was that base editing alone isn't enough. "It only lets you produce around a tenth of these variants," explains Olivier Belli, a doctoral student in Platt's group and, together with master's student Kyriaki Karava, first author of the study.

New relevant variants found

In order to systematically generate cells with virtually all possible relevant variants of the EGFR gene, Platt and his team first identified the cancer-relevant regions in this gene. These are regions in which mutations either cause a healthy cell to transform into a cancer cell or make a cancer cell become resistant or, conversely, sensitive to a drug. Because it is not possible to create all of these gene variants using base editing, the researches tied in the other method, prime editing.




Finally, the researchers analysed these cells. For ten EGFR gene variants whose effect on cancer progression was previously uncertain, they have now been able to provide evidence that they are significant and describe it: some of these variants may play a role in the onset of cancer, while the others may make it resistant to certain drugs. In the course of this study, the ETH researchers also discovered a potentially new mechanism by which a mutation in the EGFR gene can cause cancer. Moreover, they found six gene variants that appear to play a role in cancer but had never been described -- in other words, completely new, relevant gene variants.

The EGFR gene is just one of several hundred human genes associated with cancer. This new research approach is now ready to decode the variants of uncertain significance in all the other genes as well.
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Researchers identify a potential biomarker of Parkinson's disease progression | ScienceDaily
A team of researchers from the University of Barcelona and the Bellvitge Biomedical Research Institute (IDIBELL) has identified a potential biomarker of Parkinson's disease progression. According to the new study, published in the NPJ Parkinson's Disease, patients with a slow progression of the pathology would have a significant increase in the levels of a molecule called ecto-GPR37 in the cerebrospinal fluid. The findings could have relevant implications for the treatment of patients with this neurodegenerative disease, which is characterised by movement disorders such as tremors, rigidity, slowness of movement or postural instability.


						
Francisco Ciruela, professor at the Faculty of Medicine and Health Sciences of the UB and member of the Institute of Neurosciences (UBNeuro) and IDIBELL, explains that "what the study suggests is that this biomarker could be used to define whether the progression of the disease will be fast or slow. On a clinical scale, being able to perform this stratification is very important, because the management of patients with slowly progressive Parkinson's disease versus those with rapid progression involves a different clinical approach."

According to the researcher, patients with rapid progression have an accelerated onset and worsening of symptoms, motor fluctuations and complications, as well as an increased likelihood of cognitive impairment and psychiatric symptoms. In contrast, patients with slow progression have a gradual onset and progression of symptoms and can maintain higher levels of functional ability and for longer periods of time. In addition, they often have milder symptoms, especially in the early stages. "If the disease progresses rapidly, the prognosis is worse than if it progresses slowly, as it can be managed more like a chronic disease. Consequently, patients with a rapid progression require more complex clinical management than those with a slow progression, who have a better prognosis," says the UB professor, who led the study.

Researchers from the Spanish National Cancer Research Centre (CNIO); the Institute for Biomedical Research and Innovation in Cadiz; the Karolinska Institute (Sweden); the University of California (USA); and King's College London (UK) also participated in the study.

Study with patient samples from different neurodegenerative diseases

This research follows a 2021 study by the same research team, which found that ecto-GPR37, present on neuronal cells in the brain, could be a promising candidate diagnostic biomarker for Parkinson's disease. Ecto-GPR37 is a fragment of an orphan neuronal G protein-coupled receptor called GPR37. Although it is a Parkinson's-associated receptor, neither its neuronal function nor the endogenous ligand, i.e. the specific molecule to which it binds, is yet known.

To validate previous findings and test whether this potential biomarker is specific to Parkinson's disease, the researchers have now analysed the processing of GPR37 in the brain and the presence of ecto-GPR37 in the cerebrospinal fluid of patients with Parkinson's, Alzheimer's and also other neurodegenerative diseases with clinical features similar to Parkinson's, such as multiple system atrophy, corticobasal degeneration and progressive supranuclear palsy. The researchers note that, "despite the similarities, patients with these diseases have a different prognosis and do not respond to levodopa, the main treatment for Parkinson's disease. Therefore, the exploration of new biomarkers is essential to accurately stratify patients, especially in the early stages, when the diagnosis is more challenging."

The results of this analysis show that ecto-GPR37 levels were only increased in patients with slowly progressive Parkinson's disease, and not in the fast type or in the other pathologies. "This finding suggests a possible connection between the processing and expression of GPR37 and the speed of disease progression," says Francisco Ciruela.




According to the scientists, the most plausible explanation for the presence of ecto-GPR37 in the brain is that when the GPR37 receptor reaches the surface of neurons, it fragments and releases ecto-GPR37 outside the cell. As a result of this processing, in this type of slowly progressive Parkinsonism, ecto-GPR37 would circulate in higher concentrations in the cerebrospinal fluid, the fluid that surrounds the brain and spinal cord.

On the other hand, researchers have also described a differential pattern of GPR37 processing and expression in the other neurodegenerative diseases analysed. "This underlines the potential usefulness of GPR37 as well for distinguishing between different neurodegenerative conditions," adds the UB professor.

European-wide multicentre study

Although the results obtained by the UB and IDIBELL team are very promising, the researchers point out that the biomarker role of ecto-GPR37 should be validated in a larger cohort of patients from different hospitals to confirm its clinical utility, establish its robustness and ensure its applicability as a prognostic tool in disease progression. Ciruela notes that "now the next step would be to develop and implement a multicentre clinical project on a European scale that will allow us to carry out the validation study with Parkinson's patients, which is necessary to move towards clinical application."

Moreover, the researchers, thanks to funding from the Michael J. Fox Foundation, have recently adapted an assay to determine the presence of ecto-GPR37 in blood samples from patients, "which makes it much easier to determine analytically," they conclude.
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Early treatment for nerve tumors prevents serious problems, study finds | ScienceDaily
Patients with a small cranial nerve tumor that can cause hearing loss, vertigo, imbalance and ringing in the ears have typically been watched rather than proactively treated, as the risks of early intervention were thought to outweigh the benefits. However, even those patients benefit significantly from non-invasive stereotactic radiosurgery, a multicenter, international study led by UVA Health physicians has found.


						
Doctors typically treat larger forms of the tumors, called vestibular schwannomas, while taking a "watch and wait" approach to smaller tumors that aren't causing appreciable problems. But the new research, from UVA Health neurosurgeon Jason Sheehan, MD, PhD, and collaborators, could change how asymptomatic schwannomas are managed. Their findings demonstrated that stereotactic radiosurgery -- a highly targeted form of radiation therapy -- can prevent small tumors from growing over time while at the same time sparing patients from potentially irreversible problems in the future.

"This study and our recent Vestibular Schwannoma International Study of Active Surveillance versus Stereotactic Radiosurgery [VISAS] trial demonstrate that radiosurgery affords effective and durable tumor control while more often avoiding the neurological complications that come from watching a vestibular schwannoma," Sheehan said. "Over time, Gamma Knife radiosurgery bends the curve of growth and problems that commonly arise from watching even the smallest of vestibular schwannomas."

About Vestibular Schwannomas

Vestibular schwannomas are growths on a cranial nerve that connects the brain and inner ear. This nerve transmits information about head movements, helps us control our balance and allows us to hear. The growths, however, can disrupt the nerve's important functions, causing hearing loss, unsteadiness, headaches, tinnitus (ringing in the ear), facial numbness/paralysis and other problems.

Seeking to improve care for patients with these tumors, Sheehan and his team performed a trial through the International Radiosurgery Research Foundation looking at 261 adults with the smallest category of vestibular schwannomas. These were usually picked up early, and the patients often were high functioning and had the most to lose from tumor growth over time. Of the study participants, 182 received stereotactic radiosurgery, while 79 did not.

The patients who underwent radiosurgery using the Gamma Knife system showed consistently better tumor control over time. In this group, 99% of the patients' tumors either stayed the same size, grew very little (less than 25%) or shrank. This was true at 3 years, 5 years, and 8 years. Only one patient's tumor significantly increased in size.




Tumor control was much worse among those who didn't receive radiosurgery: 37% saw their tumors grow significantly at 3 years, 50% at five years, and 67% at eight years.

That difference was seen plainly in the symptoms the patients experienced. Radiosurgery was associated with a 54% lower rate of tinnitus, a 51% lower rate of cranial nerve deterioration and an 83% lower rate of vestibular dysfunction that causes dizziness and loss of balance.

Even with Gamma Knife radiosurgery to treat the tumor arising from this very delicate neural structure, hearing was preserved similarly in both groups.

Sheehan, an expert in stereotactic radiosurgery and brain tumors, urges physicians to take note of the findings because tumor symptoms are often irreversible as the tumor grows. Acting early, before symptoms develop, could greatly improve patients' long-term quality of life, he says.

"In brain surgery, particularly involving the hearing and balance nerve, our approach must be exceedingly refined," he said. "This study shows that Gamma Knife radiosurgery substantially improves the future trajectory of vestibular schwannoma patients."
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Using personal care products during and after pregnancy can increase exposure to toxic chemicals | ScienceDaily
For people who are pregnant or nursing, more use of personal care products is associated with higher detectable levels of synthetic chemicals known to have adverse health effects, a new study by Brown University researchers found.


						
The study, published in Environment International, found that using personal care products like nail polish, makeup and hair dye while pregnant or lactating is associated with significantly higher levels of per- and polyfluoroalkyl substances, known as PFAS, in blood plasma and breast milk.

"While PFAS are ubiquitous in the environment, our study indicates that personal care products are a modifiable source of PFAS," said study author Amber Hall, a postdoctoral research associate in epidemiology at the Brown University School of Public Health. "People who are concerned about their level of exposure to these chemicals during pregnancy or while breastfeeding may benefit from cutting back on personal care products during those times."

PFAS are synthetic chemicals that have been used in consumer products and industrial settings since the 1950s due to their ability to resist oil, water and heat. The study notes that PFAS have been associated with a range of adverse health effects, including liver disease, cardiometabolic and cardiovascular issues, and various cancers.

While several studies have detected these chemicals in personal care products directly, few have evaluated whether using these products impacts internal PFAS concentrations, Hall said. This is important, she added, because exposure to PFAS during pregnancy could contribute to adverse birth outcomes such as decreased birth weight, preterm birth, some neurodevelopmental disorders and diminished vaccine response in children.

Hall led a research team that analyzed data from the Maternal-Infant Research on Environmental Chemicals Study, which enrolled 2,001 pregnant people from 10 cities across Canada between 2008 and 2011. The researchers evaluated the contribution of the use of personal care products on PFAS concentrations in prenatal plasma (six to 13 weeks gestation) and human milk (two to 10 weeks postpartum). Participants reported frequency of use across eight product categories during the first and third pregnancy trimesters, one to two days postpartum, and two to 10 weeks postpartum.

In first-trimester pregnant people, the researchers found that higher use of nail care products, fragrances, makeup, hair dyes and hair sprays or gels was associated with higher plasma PFAS concentrations. Similar results were observed for third-trimester personal care product use and breast-milk PFAS concentrations at two to 10 weeks postpartum.




For instance, participants who wore makeup daily in the first and third trimesters had 14% and 17% higher plasma and breast-milk PFAS concentrations, respectively, compared to people who did not wear makeup every day. In addition, the researchers found that people using colored-permanent dye one to two days postpartum had higher PFAS levels (16% to 18% increases compared to never using them) in human milk concentrations.

Hall noted that the study examined only four types of PFAS among thousands that are used in industry and commerce. Thus, the study likely underestimated the extent of exposure to all PFAS from these products during pregnancy, she said.

Hall conducted the research with Joseph Braun, a professor of epidemiology and director of children's environmental health at Brown University, who has been studying the health effects of PFAS for over a decade. Braun suggested that future studies examining how the use of personal care products affects PFAS exposure should consider differences by product type, as well as timing and frequency of use, or product formulation. This type of research can guide individual choices and also inform PFAS regulation, he said.

"Not only do studies like these help people assess how their product choices may affect their personal risk, but they can also help us show how these products could have population-level effects," Braun said. "And that makes the case for product regulation and government action, so that we can remove some of the burden from individuals."

The Maternal-Infant Research on Environmental Chemicals Study, which Braun helped to conduct, was supported by Health Canada's Chemicals Management Plan, the Canadian Institutes of Health Research (MOP-81285) and the Ontario Ministry of the Environment.
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Cognitive decline and loneliness linked in older adults over short time periods | ScienceDaily
For years, research has shown that older adults who are lonely are at greater risk for cognitive decline and conditions like Alzheimer's disease. Those studies, however, generally treated loneliness as a stable trait of someone's life, but loneliness fluctuates from day to day and even over the course of a single day. Across one or two days, momentary loneliness and cognitive performance seem to have a complex relationship that may reinforce one another, according to a new study from researchers in the Penn State College of Health and Human Development.


						
The team found that cognitive performance worsened for older adults on days that they felt lonelier than usual as well as on the following day. They also found that when cognitive performance declined, loneliness increased a short time later. However, experiences of loneliness over the course of a single day did not relate to changes in cognitive performance.

Their findings were published in The Journals of Gerontology Series B.

"These results suggest there may be a vicious cycle between loneliness and cognitive decline over the short term," said Jee eun Kang, postdoctoral scholar in the Penn State Center for Healthy Aging and lead author of this study. "Loneliness one day may decrease cognitive performance the next day. Then, experiencing decreased cognitive performance can lead to increased loneliness a few hours later, which may create the long-term relationship between cognitive decline and loneliness."

The researchers studied data from 313 adults in the Einstein Aging Study collected between 2017 and 2020. Participants were between 70 and 90 years of age and lived in the Bronx, New York City, in the community rather than in eldercare facilities. Each participant recorded their momentary feelings of loneliness and completed cognitive tests on a smart phone five times a day for 14 days. Their daily scores of loneliness and cognitive performance were averaged across all measurements taken throughout the day.

"This type of data -- where people use cellphones to report their experiences and feelings during the course of their daily lives -- provides a rich way to understand people's natural day-to-day experience," said Martin Sliwinski, professor of human development and family studies, director of the Center for Healthy Aging and senior author of the study. "If participants had come into a laboratory, their social contact and thoughts would be affected in ways that could influence their loneliness or cognitive performance, either positively or negatively."

Although the size of the relationships between loneliness and cognitive decline measured from one day to the next or within a single day were small, the researchers said that is to be expected.




"These results suggest that those tiny differences in loneliness or mental ability may add up," said Jennifer Graham-Engeland, professor of biobehavioral health, associate director of the Center for Healthy Aging and co-author of this study.

Some researchers have proposed that loneliness may be an evolutionary cue intended to motivate humans to repair or replace their social relationships, according to the researchers. When people experience loneliness, it may act as a stressor, explaining the association with decreased cognitive performance.

"Our data suggest that when older adults do not feel sharp, they may avoid social contact -- but that could worsen the problem," Kang said. "If older adults feel lonely, they should take action early to prevent chronic loneliness. For example, they could reach out to a friend or neighbor or even just make small talk with people they encounter that day."

Meanwhile, younger people can help by reaching out to older adults on a regular basis, according to Kang.

"Loneliness is dynamic, not stable," she said. "Your grandma may not be a lonely person, but -- like most people -- she probably feels lonely sometimes. Anytime you reach out to older adults and engage with them, you are supporting their cognitive and emotional health that day and over the course of their lives."

The researchers noted that this study is aligned with the priorities of the Penn State Social Science Research Institute's Geroscience and Dementia Prevention Consortium, which Sliwinski directs.

"In the consortium, we seek to understand how modifiable risk factors like loneliness contribute to cognitive decline and neurodegeneration," Sliwinski said. "This study is one of many at Penn State aiming to help older adults retain their cognitive function."

Lynn Martire, professor of human development and family studies, and David Almeida, professor of human development and family studies, also contributed to this research.

The National Institutes of Health funded this study.
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Researchers suggest stress hormones explain how obesity causes diabetes | ScienceDaily
A study from Rutgers Health and other institutions indicates that stress hormones -- not impaired cellular insulin signaling -- may be the primary driver of obesity-related diabetes.


						
The paper in Cell Metabolism may transform our understanding of how obesity-induced insulin resistance develops and how to treat it.

"We have been interested in the basic mechanisms of how obesity induces diabetes. Given that the cost of the diabetes epidemic in the U.S. alone exceeds $300 billion per year, this is a critically important question," said Christoph Buettner, chief of endocrinology, metabolism and nutrition at Rutgers Robert Wood Johnson Medical School and the study's senior author.

Scientists have long thought obesity causes diabetes by impairing the way insulin signals within liver and fat cells. However, the new research shows that overeating and obesity increase the body's sympathetic nervous system -- the "fight or flight" response -- and that the increased level of the stress hormones norepinephrine and epinephrine counteract insulin's effects even though cellular insulin signaling still works.

The authors observed that overeating in normal mice increases the stress hormone norepinephrine within days, indicating how quickly surplus food stimulates the sympathetic nervous system.

To see what effect this excess hormone production has in spurring disease development, the authors then deployed a new type of genetically engineered mice that are normal in every way but one: They cannot produce stress hormones catecholamines outside of their brains and central nervous systems.

The researchers fed these mice the obesity-inducing high-fat and high-sugar diet, but although they ate as many calories and got just as obese as normal mice, they did not develop metabolic disease.




"We were delighted to see that our mice ate as much because it indicates that the differences in insulin sensitivity and their lack of metabolic disease are not due to reduced food intake or reduced obesity but due to the greatly reduced stress hormones. These mice cannot increase stress hormones that counteract insulin; hence, insulin resistance does not develop during obesity development."

The new findings may help explain why some obese individuals develop diabetes while others don't and why stress can worsen diabetes even with little weight gain.

"Many types of stress -- financial stress, marital stress, the stress associated with living in dangerous areas or suffering discrimination or even the physical stress that comes from excessive alcohol consumption -- all increase diabetes and synergize with the metabolic stress of obesity," Buettner said.

"Our finding that even obesity principally induces metabolic disease via increased stress hormones provides new insight into the common basis for all these factors that increase the risk of diabetes. Stress and obesity, in essence, work through the same basic mechanism in causing diabetes, through the actions of stress hormones."

While it is well known that catecholamines can impair insulin action, the new study suggests that this may be the fundamental mechanism underlying insulin resistance in obesity. The dynamic interplay between stress hormones, which work in opposition to insulin, has long been known. Stress hormones increase glucose and lipids in the bloodstream, while insulin lowers these. However, an unexpected finding of the new study is that insulin signaling can remain intact even in insulin-resistant states like obesity. It's just that the heightened activity of stress hormones effectively "push the gas pedal harder," resulting in increased blood sugar and fat levels. Even though the level of insulin's "braking" effect remains the same, the accelerated gas pedal effect of catecholamines overwhelms the brake effect of insulin and results in relatively diminished insulin action.

"Some colleagues are at first surprised that insulin resistance can exist even though cellular insulin signaling is intact. But let's not forget that the gas pedal effects of stress hormones are exerted through very different signaling pathways than insulin signaling. That explains why the ability of insulin to 'brake' and reduce the release of sugar and fat into the bloodstream is impaired even though insulin signaling is intact because stress signaling is predominant."

The findings suggest that medications that reduce catecholamines, a term for all the stress-related hormones and neurotransmitters produced by the SNS and the adrenal gland, might help prevent or treat diabetes. However, medicines that block catecholamines, as they are currently used to treat high blood pressure, haven't shown major benefits for diabetes. This may be because current drugs don't block the relevant receptors or because they affect the brain and body in complex ways, Buettner said.




Buettner and the study's first author, Kenichi Sakamoto, an assistant professor of endocrinology at Robert Wood Johnson Medical School, are planning human studies to confirm their findings. They're also examining the role of the sympathetic nervous system and other forms of diabetes, including Type 1 diabetes.

"We would like to study if short-term overfeeding, as some of us experience during the holidays by gaining five to 10 pounds, increases insulin resistance with heightened sympathetic nervous system activation," Buettner said.

The findings may ultimately lead to new therapeutic approaches to tackle insulin resistance, diabetes and metabolic disease, focused on reducing stress hormones rather than targeting insulin signaling.

"We hope this paper provides a different take on insulin resistance," Buettner said. "It may also explain why none of the drugs currently used to treat insulin resistance, except insulin itself, directly increases cellular insulin signaling."
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Study show the effectiveness of a portable EKG patch | ScienceDaily
Worldwide, over 300 million electrocardiograms (EKGs) are performed each year, with one third of those taking place in the United States. Despite being so widely used, the technology of EKGs has been unchanged for decades.


						
Research from the University of Cincinnati College of Medicine shows that a newly-developed wireless EKG patch is as accurate, if not more accurate, than results from traditional EKG machines. The device, known as the EKG Patch Solution, was developed by the Cincinnati-based MG Medical Products.

Study findings were published recently in Clinical Research in Cardiology.

Its lead author, Richard Becker, MD, professor of medicine in the UC College of Medicine, says the patch is easier for medical staff to correctly attach to patients and less likely to display misrepresentations of important information when reading the electrical activity of the heart.

"It's easy to use and can consistently be placed on the chest without a complicated learning curve for medical staff," says Becker, also a cardiologist at UC Health, the university-affiliated health care system. "We also found that the likelihood of an artifact which is due to one of the leads not being placed correctly or as firmly as it should be, was 50% less likely to occur. Having a high quality EKG is essential to diagnostic accuracy and achieving good health outcomes."

Becker says Patch EKG has an all-in-one design with built-in lead wires attached to pre-positioned electrodes for easier placement on the chest to eliminate electrode misplacement errors. It was tested in a prospective, single blind study of 200 heart patients against the standard traditional 12-lead EKG procedure.

Errors that impacted the interpretability of the EKG were detected in 6.5% of all Patch EKG procedures and 15% of all standard EKG procedures. These occurred primarily because of movement or motion in the patient, explains Becker.




Most participants either preferred the Patch EKG (47%) or did not have a preference with the standard EKG (52%).

Jeff McGrath, president of MG Medical Products, says the wireless Patch EKG could completely change how an EKG can be performed. McGrath developed the device with his son, Chris McGrath, chief operations officer at MG Medical Products.

"It's five pounds, you don't have to wheel the machine in, you don't have to untangle wires, you don't have to get people dirty," explains Jeff McGrath. "You don't have to have a technical skill to acquire this. People take classes for months to learn how to operate a traditional EKG. You take a class for 20 minutes with this new product to learn how to do an EKG."

Chris McGrath says wireless EKG patch may be of particular interest to skilled nursing facilities, behavioral health facilities and correctional facilities. The ability to rapidly triage acute cardiac symptoms can help lower hospital readmission rates of individuals cared for in these facilities.

"These are places where the inability to perform an EKG is very costly to them," Chris McGrath adds.

The study was sponsored by MG Medical Products, Cincinnati.
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Combination approach shows promise for treating rare, aggressive cancers | ScienceDaily
A research team led by UCLA Health Jonsson Comprehensive Cancer Center investigators has shown that that combining pembrolizumab, an immunotherapy drug, with standard chemotherapy can improve treatment outcomes for patients with small cell bladder cancer and small cell/neuroendocrine prostate cancer.


						
Small cell carcinomas can arise in various tissues -- including the bladder, prostate, lung, ovaries and breast -- and are known for their rapid progression, tendency to relapse after initial treatment and poor overall survival rates. The survival time for patients with advanced small cell bladder cancer is only about 7 to 13 months and only 7 to 9 months for patients with small cell/neuroendocrine prostate cancer.

The early-stage study, published in Cell Reports Medicine, showed that using pembrolizumab with chemotherapy resulted in 43% of patients having a partial or complete regression of disease, with 86% of patients with bladder cancer and 57% of those with small cell/neuroendocrine prostate cancer living two years.

"The combination of pembrolizumab and chemotherapy presents a promising new treatment approach for these challenging-to-treat, rare cancers and could be a major breakthrough for patient care," said Dr. Arnold Chin, professor of urology at the David Geffen School of Medicine at UCLA and senior author of the study.

Immune-based treatment, such as pembrolizumab, has showed success for treating people with a variety of advanced or metastatic cancers, including patients with advanced small cell lung cancer. Previous laboratory-based research at UCLA, led by Dr. Owen Witte, Chin and colleagues, has demonstrated that small cell cancers in the bladder, lung, and prostate share many biological traits. Building on these findings, Chin and his team pursued the concept that treatment approaches should target cancers based on molecular similarities. They designed a clinical trial across all small cell/neuroendocrine urologic cancers combining pembrolizumab and chemotherapy as a first-line therapy for bladder and prostate small cell cancers.

The trial involved 15 patients who were separated into two cohorts. The first included seven participants with advanced or metastatic small cell bladder cancer, while the other group included eight patients with primary small cell or neuroendocrine prostate cancer. The study was designed for patients who would normally receive chemotherapy as part of their standard care.

The researchers found that patients showed favorable responses using this treatment regimen. In bladder cancer group, only one out of seven patients experienced disease progression after a median follow up of almost three years.




For the prostate cancer group, the median survival for patients with small cell/neuroendocrine prostate cancer in the trial reached 27 months, which is longer than expected compared to the historical average of just 7 to 9 months.

The combination treatment was also well-tolerated, with no patients needing to stop therapy due to side effects.

"These results suggests that the combination therapy could provide a substantial survival benefit," said Chin, who is a member of the UCLA Health Jonsson Comprehensive Cancer Center and the Eli and Edythe Broad Center of Regenerative Medicine and Stem Cell Research.

Along with the encouraging survival rates, the team found that the clonal expansion of CD8+ T cells in the blood, a type of immune cell, in response to treatment correlated with better progression-free survival. This indicated that a blood test could be predictive of treatment response for patients in the future.

The findings support the need for larger clinical trials to confirm these findings.

The study's first authors are Yiqian Gu, a graduate student in the bioinformatics interdepartmental program at UCLA, and Ann Ly, formerly a staff researcher in the department of urology at UCLA and now a doctoral candidate at UC Davis. UCLA authors include Sara Rodriquez, Hanwei Zhang, Jiyoon Kim, Zhiyuan Mao, Ankush Sachdeva, Nazy Zomorodian, Matteo Pellegrini, Gang Li, Alexandra Drakaki, Matthew Rettig, and Sandy Liu, who is now at City of Hope.
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DNA packaging directly affects how fast DNA is copied in cells | ScienceDaily
Researchers from the Mattiroli group have found that the way DNA is packaged in cells can directly impact how fast DNA itself is copied during cell division. They discovered that DNA packaging sends signals through an unusual pathway, affecting the cell's ability to divide and grow. This opens up new doors to study how the copying of the DNA and its packaging are linked. These findings, published in Molecular Cell, may help scientists to find therapies and medicines for diseases such as cancer in the future.


						
Chromatin as a guide

Every day, our cells divide. Each time they need to copy both their DNA and the structure in which the DNA is packed. This packaging, called chromatin, acts as a guide. It tells the cell how, where and when to 'read' and use the information in the DNA. It is important that both the DNA and its chromatin are copied accurately to ensure young and healthy cells. Problems with this process are often seen in diseases like cancer. "Even though this process keeps us healthy, we still don't fully understand how DNA and chromatin are simultaneously copied," says Francesca Mattiroli, group leader.

A unique slowdown alarm

"We found that the copying of chromatin has a direct effect on the mechanisms that copy DNA itself," explains Mattiroli. She and her team found that this effect happens through an unusual stress response. "If there is a problem with DNA packaging, the cell quickly senses this issue. But instead of triggering a typical stress response, the cell responds by slowing down its cycle of growth and division, without stopping it completely," she says. The slower cycle still allows the cell to divide, but the new cells often struggle to continue to grow, preventing them from dividing again.

"So, these mechanisms, which copy DNA and its packaging, are closely connected to cell growth," Mattiroli says. This discovery paves the way for new studies on these pathways and how DNA packaging can control cell growth. In the future, this knowledge could help to find new treatments for diseases like cancer.

A true team effort

"This project was a real adventure for our biochemical lab," says Mattiroli. "Without the collaboration with Alexander van Oudenaarden's lab and our other collaborators, this work would have not been possible. The technology created by Jeroen van den Berg and Vincent van Batenburg was perfect to address the questions we wanted to answer." The research was truly a team effort, with key contributions from co-first authors Jan Dreyer, Giulia Ricci, Jeroen van den Berg as well as from Vivek Bhardwaj and Janina Funk. "I really enjoyed learning all of these new things, thanks to the highly collaborative spirit of the Hubrecht Institute. I look forward to doing more cell-based research in the future," adds Mattiroli.
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Bystander CPR up to 10 minutes after cardiac arrest may protect brain function | ScienceDaily
The sooner a lay rescuer (bystander) starts cardiopulmonary resuscitation (CPR) on a person having a cardiac arrest at home or in public, up to 10 minutes after the arrest, the better the chances of saving the person's life and protecting their brain function, according to preliminary research to be presented at the American Heart Association's Resuscitation Science Symposium 2024. The meeting will be held Nov. 16-17, 2024, at the Hilton Chicago Hotel in Chicago and will feature the most recent advances related to treating cardiopulmonary arrest and life-threatening traumatic injury.


						
Cardiac arrest, which occurs when the heart malfunctions and abruptly stops beating, is often fatal without quick medical attention such as CPR to increase blood flow to the heart and brain. More than 357,000 out-of-hospital cardiac arrests happen each year in the U.S. with a 9.3% survival rate. "Our findings reinforce that every second counts when starting bystander CPR and even a few minutes delay can make a big difference," said Evan O'Keefe, M.D., the study's first author and a cardiovascular fellow at Saint Luke's Mid America Heart Institute and the University of Missouri-Kansas City. "If you see someone in need of CPR, don't dwell on how long they've been down, your quick actions could save their life."

The study analyzed nearly 200,000 cases of witnessed out-of-hospital cardiac arrest to determine whether initiating CPR within different time windows, compared to outcomes with no bystander CPR administered, made a difference in survival and brain function after hospital discharge.

"We found that people who received bystander CPR within the first few minutes of their cardiac arrest were much more likely to survive and have better brain function than those who didn't," O'Keefe said. "The longer it took for CPR to start, the less survival benefit one received. However, even when CPR was started up to 10 minutes after cardiac arrest, there was still a significant survival benefit compared to individuals who did not receive CPR from a bystander."

Results also found:
    	People who received CPR within two minutes of out-of-hospital cardiac arrest had an 81% higher rate of survival to release from the hospital and 95% higher rate of surviving without significant brain damage compared to people who did not receive bystander CPR.
    	Even people who received bystander CPR up to 10 minutes after cardiac arrest were 19% more likely to survive to hospital discharge and 22% more likely to have a favorable neurological outcome than those who did not receive bystander CPR at all.
    	For those who did not receive bystander CPR, about 12% survived to be released from the hospital, and more than 9% survived without significant brain damage or major disabilities. When bystander CPR was initiated more than 10 minutes after cardiac arrest, bystander CPR, compared to not receiving the lifesaving assistance, was no longer associated with improved survival.

"These results highlight the critical importance of quick action in emergencies. It suggests that we need to focus on teaching more people how to perform CPR, and we also need to emphasize ways to get help to those suffering cardiac arrest faster," O'Keefe said. "This might include more widespread CPR training programs, as well as better public access to automated external defibrillators (AEDs) and improved dispatch systems."

O'Keefe noted that future research could explore how technology (like apps that alert nearby trained bystanders or alert dispatchers to likely cardiac arrest) may help to reduce the time to first intervention, information that could be important for emergency dispatchers and policymakers in the development of public interventions for cardiac arrest.




"This study highlights the need for prompt recognition and treatment of cardiac arrest by bystanders. Time is of the essence when a cardiac arrest occurs, and late interventions can be as ineffective as no intervention. Community education and empowerment are critical for us to save lives," said American Heart Association volunteer expert Anezi Uzendu, M.D., an interventional cardiologist at the University of Texas Southwestern Medical Center in Dallas and a cardiac arrest survivor.

The American Heart Association urges everyone learn the lifesaving skills of CPR and join its Nation of Lifesavers(r), a movement to double survival rates from sudden cardiac arrest by 2030. Being ready to act quickly could be the difference of life or death for someone experiencing a cardiac arrest.

A limitation of the study includes that the average time of arrival for emergency medical technicians (EMTs) to the person having cardiac arrest was roughly 10 minutes. This means that in this study, the people who received bystander CPR 10 minutes after their cardiac arrest were likely being compared to a group receiving professional medical attention.

Study details and background:
    	The study identified 160,822 witnessed out-of-hospital cardiac arrests that occurred from 2013-2022. Among the people whose data was analyzed, the average age was 64 years old, and more than 54,000 (about 34%) were women.
    	Researchers used data from the Cardiac Arrest Registry to Enhance Survival (CARES), a national, web-based health registry focused on helping communities improve care for and survival of out-of-hospital cardiac arrest.
    	The research categorized time to initiation of bystander CPR in two-minute intervals and analyzed the link between each time interval, compared to the group who did not receive CPR, with survival to hospital discharge and favorable neurological survival, or surviving with minor disabilities.
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AI can detect serious neurologic changes in babies in the NICU using video data alone | ScienceDaily
A team of clinicians, scientists, and engineers at Mount Sinai trained a deep learning pose-recognition algorithm on video feeds of infants in the neonatal intensive care unit (NICU) to accurately track their movements and identify key neurologic metrics.


						
Findings from this new artificial intelligence (AI)-based tool, published November 11 in Lancet's eClinicalMedicine, could lead to a minimally invasive, scalable method for continuous neurologic monitoring in NICUs, providing critical real-time insights into infant health that have not been possible before.

Every year, more than 300,000 newborns are admitted to NICUs across the United States. Infant alertness is considered the most sensitive piece of the neurologic exam, reflecting integrity throughout the central nervous system. Neurologic deterioration in NICUs can happen unexpectedly and has devastating consequences. However, unlike cardiorespiratory telemetry, which continuously monitors the heart and lung function of babies in the NICU, neurotelemetry has remained elusive in most NICUs despite decades of work in electroencephalography (EEG) and specialized neuro-NICUs. Neurologic status is evaluated intermittently, using physical exams that are imprecise and may miss subacute changes.

The Mount Sinai team hypothesized that a computer vision method to track infant movement could predict neurologic changes in the NICU. "Pose AI" is a machine learning method that tracks anatomic landmarks from video data; it has revolutionized athletics and robotics.

The Mount Sinai team trained an AI algorithm on more than 16,938,000 seconds of video footage from a diverse group of 115 infants in the NICU at The Mount Sinai Hospital undergoing continuous video EEG monitoring. They demonstrated that Pose AI can accurately track infant landmarks from video data. They then used anatomic landmarks from the video data to predict two critical conditions -- sedation and cerebral dysfunction -- with high accuracy.

"Although many neonatal intensive care units contain video cameras, to date they do not apply deep learning to monitor patients," said Felix Richter, MD, PhD, senior author of the paper and Instructor of Newborn Medicine in the Department of Pediatrics at Mount Sinai. "Our study shows that applying an AI algorithm to cameras that continuously monitor infants in the NICU is an effective way to detect neurologic changes early, potentially allowing for faster interventions and better outcomes."

The research team was surprised by how well Pose AI worked across different lighting conditions (day vs. night vs. in babies receiving phototherapy) and from different angles. They were also surprised that their Pose AI movement index was associated with both gestational age and postnatal age.

"It's important to note that this approach does not replace the physician and nursing assessments that are critical in the NICU. Rather, it augments these by providing a continuous readout that can then be acted on in a given clinical context," explained Dr. Richter. "We envision a future system where cameras continuously monitor infants in the NICU, with AI providing a neuro-telemetry strip similar to heart rate or respiratory monitoring, with alert for changes in sedation levels or cerebral dysfunction. Clinicians could review videos and AI-generated insights when needed, offering an intuitive and easily interpretable tool for bedside care."

The team noted the limitations of the study, including that the AI models were trained on data collected at a single institution, meaning that this algorithm and neurologic predictions need to be evaluated on video data from other institutions and video cameras. The research team plans to test this technology in additional NICUs and to develop clinical trials that will assess its impact on care. They are also exploring its application to other neurological conditions and expanding its use to adult populations.

"At Mount Sinai, we are committed to ensuring that new artificial intelligence possibilities are investigated and leveraged to advance care for our patients," said Girish N. Nadkarni MD, MPH, System Chief of Data Driven and Digital Medicine, Director of the Mount Sinai Clinical Intelligence Center, Director of The Charles Bronfman Institute for Personalized Medicine and a study co-author. "AI tools are already advancing clinical care across the Mount Sinai Health System, including by shortening length of stay, reducing hospital readmissions, aiding in cancer diagnostics and therapeutic targeting, and delivering real-time care to patients based on physiological data generated from wearables, to name a few. We are excited to now be bringing this non-invasive, safe, and effective AI tool into the NICU to improve outcomes for our smallest, most fragile patients."
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'Sleepy cannabis': Cannabinol increases sleep, study suggests | ScienceDaily
Research by scientists at the University of Sydney has identified a constituent in the cannabis plant that improves sleep.


						
Their report is the first to use objective measures to show the component, known as cannabinol (CBN), increases sleep in rats.

The study has been published in the leading journal Neuropsychopharmacology.

"For decades, cannabis folklore has suggested that aged cannabis makes consumers sleepy via the build-up of CBN, however there was no convincing evidence for this," said lead author on the study Professor Jonathon Arnold, Director of Preclinical Research, at the Lambert Initiative for Cannabinoid Therapeutics and the Sydney Pharmacy School.

"Our study provides the first objective evidence that CBN increases sleep, at least in rats, by modifying the architecture of sleep in a beneficial way."

CBN is an end-product of the main intoxicating constituent of cannabis, delta9-tetrahydrocannabinol (THC). THC in cannabis is slowly converted to CBN over time, which means older cannabis contains higher levels of this compound. It has been suggested that the consumption of older cannabis is associated with a sleepier cannabis "high."

In the United States, highly purified CBN products are being sold as sleep aids, but there has been little high-quality scientific evidence to support this application.




The research team at the Lambert Initiative for Cannabinoid Therapeutics tested the effects of purified CBN on sleep in rats. Using high-tech monitoring, the experiments provided insights into the rats' sleep patterns including the amount of non-rapid eye movement (NREM) and rapid eye movement (REM) sleep.

NREM is deep sleep that promotes physical recovery and strengthens memories, while REM sleep is associated with dreaming and processing of emotions.

Professor Arnold said: "CBN was found to increase both NREM and REM sleep, leading to increased total sleep time, with a comparable effect to the known sleep drug zolpidem."

NON-INTOXICATING

Unlike its parent molecule THC, CBN did not appear to intoxicate rats. THC intoxicates by activating CB1 cannabinoid receptors, which are present in the brain. The study showed that unlike THC, CBN only weakly activates these receptors. To their surprise, the researchers found that a metabolite of CBN had significant effects on cannabinoid CB1 receptors.

A metabolite is a chemical produced via the metabolism of a larger molecule in the body.




They also found that the 11-OH CBN metabolite had some impact on sleep architecture, which might contribute to the overall effects of CBN on sleep.

"This provides the first evidence that CBN indeed increases sleep using objective sleep measures. It was a surprise that CBN metabolism in the body can yield a much greater effect on cannabinoid CB1 receptors than the parent molecule CBN, which has much more limited activity," Professor Arnold said.

"At this stage our results are confined to testing in rats. Further research is needed to see if this translates to humans."

FURTHER STUDY

In a parallel study, yet to be published, Professor Iain McGregor, Director of Clinical Research at the Lambert Initiative, initiated a placebo-controlled randomised human clinical trial in insomnia patients. This was led by PhD student Isobel Lavender with leading sleep researcher Dr Camilla Hoyos from the Woolcock Institute of Medical Research. The trial has now been completed with very promising results that were recently announced at the International Cannabinoid Research Society and Sleep DownUnder scientific conferences.

"Our research encourages further basic and clinical research on CBN as a new treatment strategy for sleep disorders, including insomnia. Our clinical study only administered CBN on a single occasion. A trial on a larger scale, that includes repeated dosing, is the logical next step," Professor McGregor said.

Professor Arnold said: "The team has now commenced a preclinical drug discovery program around CBN, as well as observing whether the pro-sleep effects of CBN can be further amplified by other molecules found in cannabis, or by conventional sleep aids, such as melatonin."
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Adequate sleep significantly reduces the risk of hypertension in adolescents | ScienceDaily
Adolescents who meet the recommended guidelines of nine to 11 hours of sleep per day were shown to have a significantly lower risk of hypertension, according to a new study from UTHealth Houston.


						
Recently published in the Journal of the American Heart Association, the research revealed that adolescents had a 37% lower risk of developing incidents of high blood pressure by meeting healthy sleep patterns, and underscoring the importance of adequate sleep behavior. The research further explored the impact of environmental factors potentially impacting sleep.

"Disrupted sleep can lead to changes in the body's stress response, including elevated levels of stress hormones like cortisol, which in turn can increase blood pressure," said first author Augusto Cesar Ferreira De Moraes, PhD, assistant professor in the Department of Epidemiology at UTHealth Houston School of Public Health.

Utilizing the Adolescent Brain Cognitive Development study, which tracks adolescents' biological and behavioral development, De Moraes and his team analyzed data from 3,320 adolescents across the U.S. to investigate incidents of high blood pressure during nighttime sleep cycles. Scientists identified a rise in hypertension incidents over two data periods, 2018-2020 and 2020-2022, showing an increase from 1.7% to 2.9%. The data included blood pressure readings and Fitbit assessments, which measured total sleep time and REM sleep duration at night. The study's design analyzed covariates such as Fitbit-tracked sleep, blood pressure, and neighborhood noise by residential geocodes, allowing for a thorough examination of environmental noise exposure for each participant.

Scientists investigated the impact of neighborhood/community noise but did not find a significant association with the incidence of hypertension. Environmental factors, such as neighborhood noise, point to the need for longer-term studies to investigate the relationship between sleep health and hypertension, particularly in relation to socioeconomic status, stress levels, and genetic predispositions.

The study emphasizes the importance of improved sleep behaviors and meeting recommendations. "Consistent sleep schedules, minimizing screen time before bed, and creating a calm, quiet sleep environment can all contribute to better sleep quality,"Martin Ma, MPH, second author of the study and recent graduate of the school. "Although environmental noise didn't directly affect hypertension in this study, maintaining a quiet and restful sleep environment is still important for overall well-being."

Additional authors included Marcus Vinicius Nascimento-Ferreira, PhD, with the Universidade Federal do Tocantins; and School of Public Health faculty Ethan Hunt, PhD, assistant professor in Health Promotion and Behavioral Sciences; and Deanna Hoelscher, PhD, RDN, LD, regional dean in Austin and professor in Health Promotion and Behavioral Sciences.
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Study reveals best timing for getting the RSV vaccine during pregnancy to protect newborns | ScienceDaily
Current guidelines recommend that pregnant people receive a vaccine against respiratory syncytial virus (RSV) -- which typically causes mild, cold-like symptoms in most adults but can be deadly for infants -- during weeks 32-36 of pregnancy. New research led by investigators at Mass General Brigham suggests that vaccination earlier in that timeframe, closer to 32 weeks, could provide the best protection for newborns against RSV. The findings are published in theAmerican Journal of Obstetrics & Gynecology.


						
"Receiving the RSV vaccine in pregnancy is an important way mothers can protect their newborns and infants from RSV, the leading cause of hospitalization in U.S. infants," said senior author Andrea Edlow, MD MSc, a maternal-fetal medicine specialist in the Department of Obstetrics and Gynecology at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system. "However, it wasn't clear whether it was equivalent to vaccinate at any time within the approved window, or whether specific weeks were most optimal. Because the RSV vaccine was ultimately approved for administration during a narrower gestational age window than was originally studied in the large clinical trial, more information was needed about how maternal antibodies travel across the placenta week over week across the approved window."

Edlow and her team's prior work evaluating prenatal administration of the COVID-19 mRNA vaccines demonstrated that timing of maternal vaccination was associated with altered maternal responses and transplacental antibody transfer to the fetus. To assess whether maternal vaccine timing is also an important consideration for RSV vaccination, the investigators measured RSV antibodies in the umbilical cord at the time of delivery among 124 women who received the RSV vaccine during weeks 32-36 of pregnancy and in the blood of 29 2-month-old infants of these mothers. All study participants were receiving care at Massachusetts General Hospital or Mount Sinai Health System in New York City. Levels of RSV antibodies can predict protection against RSV infection in infants too young to yet receive their own vaccines.

The investigators found that maternal RSV vaccination at least 5 weeks prior to delivery led to the most efficient transfer of maternal antibodies across the placenta to the newborn, compared with maternal vaccination at 2-3 or 3-4 weeks prior to delivery.

In an additional analysis, RSV antibody levels in maternal and cord blood after RSV vaccination were compared with RSV antibody levels in 20 unvaccinated mothers. Maternal RSV vaccination resulted in significantly higher and longer-lasting maternal and cord RSV antibody levels.

"This work provides much-needed data to guide physicians in counseling patients about RSV vaccine timing during pregnancy," said Edlow. "Our findings suggest that being vaccinated earlier within the approved timeframe allows for the most efficient placental transfer of antibody to the newborn. They also may have implications for when the RSV monoclonal antibody, Nirsevimab, should be administered to newborns. Similar research should be conducted for other vaccines administered during pregnancy."

The investigators noted that additional studies are needed to determine the minimum amount of antibody transfer and/or infant blood antibody levels needed to adequately protect infants against RSV. It will also be important to understand the potential additive protection for infants provided by breastmilk from RSV-vaccinated mothers. This study was designed to measure antibody transfer, but larger studies of infants 2 to 6 months of age will be needed to determine the extent to which this leads to enhanced protection.
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Pandemic-era increase in alcohol use persists, research shows | ScienceDaily
Alcohol use increased during the COVID-19 pandemic and remained elevated even after the pandemic ended, according to a large nationally representative Keck Medicine of USC study published today in the Annals of Internal Medicine.


						
From pre-pandemic (2018) to the height of the pandemic (2020), heavy alcohol use among Americans rose by 20%, and any alcohol use rose by 4%. In 2022, the increases were sustained.

The rise in drinking was seen across all age groups, genders, race, ethnicities and regions of the country, except for Native Americans and Asian Americans. Adults ages 40-49 had the highest increase in heavy alcohol use.

"These numbers reflect an alarming public health issue that could result in severe health consequences for far too many people," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine of USC and principal investigator of the study. "Our results suggest men and women under 50 are at special risk."

Excessive alcohol use is a leading preventable cause of illness and death in the United States, according to the Centers for Disease Control and Prevention. Half of all liver-related deaths are caused by alcohol, and alcohol-related cirrhosis is now the leading cause of liver transplants, according to Lee.

To reach their conclusions, researchers studied data from the National Health Interview Survey, one of the largest and most comprehensive health surveys in the country. The survey collected alcohol use information as well as demographic and socioeconomic data for more than 24,000 adults age 18 or older. They compared 2018 with 2020 alcohol use numbers, then 2018 with 2022.

While the U.S. Department of Health and Human Services announced the official end of the pandemic in May 2023, the study defined the year 2022 as post-pandemic, as behaviors were beginning to return to normal.




Adults were characterized as having any alcohol use or heavy alcohol use within one year of the survey, and researchers calculated the rate of both measures of alcohol use. Heavy drinking was defined as greater than or equal to five drinks a day or 15 drinks a week for men, and greater than or equal to four drinks a day or eight drinks a week for women.

The study did not analyze why there was an increase in alcohol consumption between 2018 to 2022, but Lee hypothesizes that pandemic stress may have caused drinking to become more normalized. He further speculates that the effects of the pandemic, including disruptions to school and work, may have driven the increases in alcohol use in adults ages 40-49.

Lee hopes the study will bring more awareness to the issue. "We encourage health care providers to offer more screenings for harmful drinking as well as interventions for at-risk populations," he said.

Divya Ayyala-Somayajula, MD, from Thomas Jefferson University in Philadelphia, was lead author of the study.

Jennifer Dodge, MPH, an associate professor of research medicine and population and public health science at the Keck School of Medicine of USC, Adam Leventhal, PhD, professor of population and public health sciences at the Keck School and director of the USC Institute for Addiction Science, and Norah Terrault, MD, a Keck Medicine gastroenterologist and division chief of gastroenterology and liver diseases at the Keck School, were also study authors.
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Fear of another heart attack may be a major source of ongoing stress for survivors | ScienceDaily
The fear of having another heart attack was a major ongoing stressor for heart attack survivors, according to a preliminary study to be presented at the American Heart Association's Scientific Sessions 2024. The meeting, Nov. 16-18, 2024, in Chicago, is a premier global exchange of the latest scientific advancements, research and evidence-based clinical practice updates in cardiovascular science.


						
While it is widely acknowledged that survivors of heart attacks may experience depression or anxiety, less attention has been given to the impact of psychological stress and how the fear of another heart attack may impact patients' mental and emotional recovery.

"We wanted to understand what survivors thought about the possibility of another heart attack. Specifically, we examined how demographics, health behaviors and the patient's perception of their illness predicted both fear of having another heart attack and perception of their current stress," said lead study author Sarah Zvonar, Ph.D., R.N., C.C.R.N., a post-doctoral fellow at the Indiana University School of Medicine in Indianapolis.

Researchers placed advertisements on Facebook recruiting volunteers for the study -- people who had experienced a heart attack during a one-year period between 2021-2022. Those who responded were directed to a newly created Facebook group with links to standard questionnaires that assessed fear of recurrence, perceptions of their illness, current stress, anxiety and depression. Participants also provided demographic details and information on their current cardiovascular-related health behaviors. The researchers analyzed data for 171 heart attack survivors who completed the questionnaires twice, about six weeks apart (approximately six and eight months after their heart attack).

The study found:
    	The fear of experiencing another heart attack significantly impacted the individual's perception of illness and their level of perceived stress.
    	The time between surveys was six weeks, however, the average time from the initial heart attack to the first survey was 6 months. The fear of another heart attack was significant at 6 months after the heart attack and still significant at follow-up around 8 months.
    	Controlling for depression and anxiety did not reduce the impact of fear of recurrence on illness perception and perceived stress from six months to about eight months following the initial event.
    	Although the average alcohol intake was low among all participants, those who consumed more alcohol seemed to be more likely to experience both fear of another heart attack and higher levels of perceived stress. Average alcohol intake was 1.35 drinks per week, with a range of 1-6 drinks per week.
    	Adherence to diet, smoking and exercise guidance did not significantly predict fear of recurrence or perceived stress.

"Health care often focuses solely on anxiety and depression, and treatment may include antidepressants, missing an important issue -- patients may be experiencing fear of having another heart attack for another reason," Zvonar said. "For example, there is so much new health information for them to process after a first heart attack -- how to improve their diet, exercise, follow-up care, cardiac rehabilitation, etc. In addition, we found that the fear of recurrence did not diminish from 6-8 months after the heart attack, which indicates that people may need extended follow-up and mental health support."

The study has several limitations. Results from this group of young heart attack survivors, whose average age was younger than 40, may not be generalizable to older heart attack survivors. In the U.S., the average age at a first heart attack is 66 years for men and 72 years for women, according to the American Heart Association's Heart Disease and Stroke Statistics 2024 Update. Another limitation was that race and ethnicity did not have sufficient representation in this study. More research should be done to determine the exact relationship between fear of another heart attack and race.




In addition, since the study was conducted during the COVID-19 pandemic via Facebook, it was not possible to gather and verify many clinical details (such as the severity of heart attack and medication use). This means some additional health factors that might influence psychological well-being and fear of recurrence were not able to be analyzed.

"The study needs to be replicated in a clinic with the collection of medical data; however, I would anticipate that the results would be similar," Zvonar said.

"While preliminary and based on a small sample of younger people who self-selected themselves in response to a Facebook advertisement, the findings in this study are nevertheless noteworthy," said Glenn N. Levine, M.D., a professor of medicine at Baylor College of Medicine and chair of the 2021 American Heart Association scientific statement, Psychological Health, Well-Being, and the Mind-Heart-Body Connection. "As health care professionals, it's important to consider both the disease and the person. This study suggests that we should consider not only psychological factors, such as depression and stress after a heart attack, but additionally recognize that many people may have a genuine fear of experiencing another heart attack, which can also have a negative impact on their psychological health. Given that poor psychological health increases the risk of future heart problems, this fear may, to some extent, become a self-fulfilling prophecy in some people."

Study details, background and design:
    	The study included 171 adults (average age of 39 years, 69% women). 41% of the participants self-identified as white 33% as Black; 6.4% identified as Hispanic, Latino, or of Spanish origin; 5.3% as American Indian or Alaskan Native; 4.1% as Asian; 2.3% as Native Hawaiian or Pacific Islander; and 2.9% preferred not to answer, and
    	Most participants were recruited through Facebook advertising, while 17 were recruited through a level-one trauma center (highest level of care) in the Midwest.
    	Approximately 33% of participants currently used tobacco; 59% did not achieve the recommended 150 minutes per week of physical activity; around one-third reported managing their fat and sodium intake on most days of the week; average alcohol intake was 1.35 drinks per week. Only 26% of the study participants had attended at least one session of cardiac rehabilitation.
    	The two most reported health conditions occurring among participants included high blood pressure (46.2%) and Type 2 diabetes (44.4%). No family history of sudden heart attacks was reported by 62% of participants.
    	Participants completed standard psychological questionnaires online, including the Brief Illness Perception Questionnaire, the Fear of Progression Questionnaire, the 10-item Perceived Stress Scale and the 21-item Depression Anxiety Stress Scales.
    	The researchers analyzed the potential impact of depression, anxiety, demographic differences and behaviors related to heart disease risk on the fear of recurrence and perceived stress.

Co-authors, disclosures and funding sources are listed in the manuscript.

Statements and conclusions of studies that are presented at the American Heart Association's scientific meetings are solely those of the study authors and do not necessarily reflect the Association's policy or position. The Association makes no representation or guarantee as to their accuracy or reliability. Abstracts presented at the Association's scientific meetings are not peer-reviewed, rather, they are curated by independent review panels and are considered based on the potential to add to the diversity of scientific issues and views discussed at the meeting. The findings are considered preliminary until published as a full manuscript in a peer-reviewed scientific journal.

The Association receives funding primarily from individuals; foundations and corporations (including pharmaceutical, device manufacturers and other companies) also make donations and fund specific Association programs and events. The Association has strict policies to prevent these relationships from influencing the science content. Revenues from pharmaceutical and biotech companies, device manufacturers and health insurance providers and the Association's overall financial information are available here.
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While more is better, even moderate amounts of exercise may reduce risk for common heart condition | ScienceDaily
Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a new study shows.


						
Led by researchers at NYU Langone Health, the investigation focused on atrial fibrillation, a condition in which the heart's upper two chambers beat rapidly and irregularly instead of at a consistent pace. If left untreated, this can lead to stroke, heart failure, and other issues. While past studies have linked exercise to reduced risk of this type of arrhythmia, nearly all of these analyses have relied on the participants' often inaccurate estimates of their own activity levels, the authors say.

To avert this flaw, the current study team used data recorded from the fitness tracker Fitbit to objectively measure physical activity in more than 6,000 men and women across the United States. The results showed that those with higher amounts of weekly physical activity were less likely to develop atrial fibrillation. Notably, the researchers say, even modest amounts of moderate-to-vigorous exercise, which can range from taking a brisk walk or cleaning the house to swimming laps or jogging, were associated with reduced risk.

Specifically, study participants who averaged between 2.5 and 5 hours per week, the minimum amount recommended by the American Heart Association, showed a 60% lower risk of developing atrial fibrillation. Those who averaged greater than 5 hours had a slightly greater (65%) reduction.

"Our findings make clear that you do not need to start running marathons to help prevent atrial fibrillation and other forms of heart disease," said preventive cardiologist Sean Heffron, MD, the study senior author. "Just keeping moderately active can, over time, add up to major benefits for maintaining a healthy heart," added Heffron, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. Heffron also serves as the director of cardiovascular fitness and nutrition at NYU Langone's Center for the Prevention of Cardiovascular Disease.

Heffron notes that in the sole earlier study that used activity monitors to investigate atrial fibrillation, researchers provided Fitbit-style monitors to the participants and tracked them for only a week, which may not accurately capture their normal workout habits. The new investigation, which the authors say is the largest of its kind to date, assessed participants for a full year and included only those who already owned the devices.

A report on the findings will be presented at the annual meeting of the American Heart Association on Nov. 16.




For the study, the research team analyzed data collected as part of the All of Us program. That National Institutes of Health initiative was designed to include Americans who have historically been underrepresented in medical research, such as racial minorities, women, and those who live in rural areas. For the program, hundreds of thousands of participants completed questionnaires, gave blood samples, and had their physical measurements recorded, with their health tracked over time.

From that group, the authors of the current study assessed physical activity in the subset (6,086 people) who used a Fibit device and permitted their Fitbit and electronic health records to be linked to their All of Us data. The team tracked activity information for a year as a baseline and then followed up for another five years to identify those who were diagnosed with atrial fibrillation. The researchers also took into account factors known to contribute to the condition, such as age, sex, and history of high blood pressure. "These results highlight the value of Fitbits and similar monitors in medical research," said study lead author Souptik Barua, PhD, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. "By offering an objective way to measure exercise for years at a time, these tools can provide deeper insight into how different patterns of activity can impact health."

For example, says Barua, the research team next plans to explore whether working out in the morning or at night may have different effects on heart health.

He cautions that since many Fitbit owners in the study were college-educated white women, the investigation assessed a less-diverse group than that of the overall All of Us population. The program is now providing free devices to participants in underrepresented communities for future investigations.

Barua also cautions that the study was not designed to tell whether exercise alone directly reduced the risk of atrial fibrillation, nor to detect how that might come about or what other factors, such as income or educational status, might be in play in the reduced risk. However, the association between exercise "doses" and the development of the condition in the study participants was strong.

Study funding was provided by NYU Langone Health.
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Tumor suppressor forms gel-like assemblies to sacrifice cancer cells | ScienceDaily
There are processes in the human body that can suppress the growth and proliferation of cancer cells. These mechanisms, including those involving the tumor suppressor protein p53, are widely studied due to their critical role in disease. Through studies of proteins that regulate p53, scientists at St. Jude Children's Research Hospital have uncoupled a previously unrecognized tumor suppression mechanism. Usually found at low levels in cells, the p14 Alternative Reading Frame protein (p14ARF) is expressed at higher levels under oncogenic stress and activates p53. The researchers identified an alternative tumor suppression mechanism for p14ARF, showing how condensate formation and ribosome production disruption contribute to the process. The findings were published in Nature Communications.


						
The researchers demonstrated that increased expression of p14ARF causes the protein to phase separate with other cellular components. This occurs within the nucleolus, a membraneless compartment in the nucleus of cells responsible for ribosome production. In the nucleolus, p14ARF binds to and phase separates with nucleophosmin, an essential protein for ribosome production, creating a gel-like state, leading to decreased nucleophosmin dynamics, stalled ribosome biogenesis and cell toxicity. The process, kickstarted by p14ARF, thus represents a likely alternative tumor suppressive pathway.

p14ARF gums up the works in the nucleolus

"p14ARF is normally expressed at very low levels in healthy cells, but increased expression is induced in response to oncogenic stress, such as upregulation of MYC or other oncogenes," explains corresponding author Richard Kriwacki, PhD, St. Jude Department of Structural Biology.

Kriwacki's investigations into p14ARF function began when the protein, upon increased expression,was found to localize to the nucleolus. Through interaction with nucleophosmin, a protein abundant within the nucleolus that acts as director of the ribosome factory, p14ARF becomes a spanner in the works of the nucleolus, disrupting its normal function.

"Upon overexpression, p14ARF can go to the nucleolus and block nucleophosmin from acting as a chaperone and shuttling pre-ribosomal particles out," explained first author Eric Gibbs, Department of Structural Biology. "So, nucleophosmin gets stuck in the nucleolus, and consequently, the ribosomal particles get stuck."

Gibbs and Kriwacki showed previously that, in isolation, p14ARF and nucleophosmin form biomolecular condensates. The formation of condensates, which often appear as droplets under a microscope, has been shown to regulate an increasingly abundant number of biological processes, ranging from transcription to cell signaling. Generally, condensates do this by temporarily increasing the localized concentration of specific biomolecules such as DNA, RNA and proteins. However, biomolecules need a sequence-specific "ticket to ride" to participate in phase separation.




p14ARF networking is key to tumor suppression

Gibbs and Kriwacki leveraged biophysical techniques, including small-angle neutron scattering (performed at Oak Ridge National Laboratory) and nuclear magnetic resonance spectroscopy, to explore the peculiar nature of p14ARF-nucleophosmin condensates. "We found that p14ARF was not only phase separating with nucleophosmin but also assembling a large network structure that had some symmetry," explained Gibbs. "This network was responsible for restricting the dynamics of p14ARF and nucleophosmin inside the condensates."

Furthermore, while p14ARF is generally considered an intrinsically disordered protein lacking stable structure, the researchers noticed that it showed elements of secondary structure within the condensates, which facilitate the formation of the network. "We found that hydrophobic interfaces in the secondary structure regions form the different crosslinks to assemble the network and essentially give the condensate its unique characteristics," explained Gibbs. The ordered nature of the network led to the condensates taking on a gel-like state, effectively locking nucleophosmin in place.

The findings illuminate a previously unknown route by which p14ARF contributes to tumor suppression. Additionally, since condensates usually rely on fluid dynamics to achieve their function, with solidification often associated with a disease-causing state, this work provides a unique perspective on biomolecular condensation.

"I think it's fascinating that an aspect of how p14ARF acts as a tumor suppressor is through immobilization of the liquid-like nucleolus and apparent inhibition of critical steps in ribosome biogenesis," explained Kriwacki. "We can now view how p14ARF acts as a tumor suppressor through the lens of what we normally view as a deleterious effect within the nucleolus."
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Protein degradation strategy offers new hope in cancer therapy | ScienceDaily
In drug discovery, targeted protein degradation is a method that selectively eliminates disease-causing proteins. A University of California, Riverside team of scientists has used a novel approach to identify protein degraders that target Pin1, a protein involved in pancreatic cancer development.


						
The team reports today in the Proceedings of the National Academy of Sciences that it has designed agents that not only bind tightly to Pin1 but are designed to cause its destabilization and cellular degradation -- a finding that could pave the way for new cancer therapies.

Led by Maurizio Pellecchia, a professor of biomedical sciences in the UCR School of Medicine, the team found that the degraders, which were made in the lab, act like "molecular crowbars" that open up the structure of Pin1, rendering it less stable.

"This 'molecular crowbar' strategy is potentially a promising method in drug discovery and pharmacology," said Pellecchia, who holds the Daniel Hays Chair in Cancer Research at UCR. "Our agents targeting Pin1 not only potently bind to Pin1 but also destabilize it and this destabilization leads to its degradation across various human cancer cell lines. This strategy could offer an additional pathway for developing agents that can more effectively target and degrade harmful proteins."

The researchers' interest in studying Pin1 was two-fold. They wanted to identify potent molecules that could degrade Pin1. They also wanted to study the role of Pin1 in the crosstalk between pancreatic cancer cells and the tumor microenvironment -- macrophages and cancer-associated fibroblasts -- where Pin 1 is also expressed. Macrophages are a type of white blood cell. Cancer-associated fibroblasts are cells that play a key role in the development and progression of tumors.

Pin1 is a fast-acting enzyme involved in many cellular processes and implicated in the formation of tumors. It is overexpressed in many tumors and its deficiency significantly suppresses cancer progression. Its expression level is much higher in cancer-associated fibroblasts and in pancreatic cancer cells.

"Pancreatic cancer is particularly difficult to treat because a highly fibrous tissue covers pancreatic cancer cells," Pellecchia said. "As a result, it is difficult for treatments to reach the pancreatic cancer cells effectively. We want to understand the crosstalk between cancer-associated fibroblasts and pancreatic cancer cells. We believe Pin1 may play a major role in this cross talk."

Pellecchia explained that if his team can kill cancer-associated fibroblasts through Pin1 inhibition, then it is possible that pancreatic cancer cells will be more susceptible to anticancer agents. The difficulty until now, Pellecchia said, has been how to obtain potent and selective Pin1 inhibitors that can penetrate cancer-associated fibroblasts and/or cancer cells and, at the same time, block the function of Pin1, possibly eliminating Pin1 altogether by inducing its degradation.




"Our molecular degrader, the 'crowbar,' opens up the structure of Pin1, its target," Pellecchia said. "We are excited about this mechanism because we believe it's unique and could be applicable to other drug targets. Inducing its cellular degradation is a much more effective way to counteract the activity of an overexpressed oncogenic enzyme than simply inhibiting it."

Pellecchia is collaborating with researchers at the City of Hope under a National Cancer Institute collaborative grant that addresses health disparities in cancer research. The effort will assess how well the molecular degraders Pellecchia's team identified inhibit cancer-associated fibroblasts in patients affected by pancreatic cancer and other gastrointestinal cancers.

"Our collaboration would like to see if we can administer these agents to pancreatic cancer patients or other patients that develop peritoneal metastasis, which is often associated with cancer-associated fibroblast activity," Pellecchia said. "Ultimately, we hope to develop our agents into novel cancer therapeutics in this collaboration."

According to Pellecchia, it may be possible for pharmaceutical companies to develop therapeutics that can cause both destabilization of the target and its degradation.

"This is a new potential target modality for future drugs," he said. "Also, Pin1 inhibitors that can cause Pin1 degradation very effectively could have a major impact in a number of cancers, and not just pancreatic cancer, because of their effect on cancer-associated fibroblasts."

Pellecchia was joined in the research by Giulia Alboreggia, the first author of the paper, and Parima Udompholkul, who work in his laboratory; and Isaac Rodriguez and Gregor Blaha. Rodriguez works in Blaha's laboratory.

The research was supported in part by grants from the National Institutes of Health.
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        Meteorite contains evidence of liquid water on Mars 742 million years ago
        An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite. During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists hav...

      

      
        Engineers make converting CO2 into useful products more practical
        A new electrode design developed at MIT boosts the efficiency of electrochemical reactions that turn carbon dioxide into ethylene and other products.

      

      
        Gas-churning monster black holes
        Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.

      

      
        An advance toward inhalable mRNA medications, vaccines
        Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.

      

      
        A step toward safer X-rays with new detector technology
        X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers have taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.

      

      
        On the origin of life: How the first cell membranes came to exist
        Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms? New research has uncovered a plausible explanation involving the reaction between two simple molecules.

      

      
        Research reveals unseen factors behind lithium-ion battery degradation
        An international team of scientists has identified a surprising factor that accelerates the degradation of lithium-ion batteries leading to a steady loss of charge. This discovery provides a new understanding of battery life and offers strategies to combat self-discharge, which could improve performance in various applications from smartphones to electric vehicles.

      

      
        Anti-fatberg invention could help unclog city sewers
        Engineers have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.

      

      
        Does AI improve doctors' diagnoses? Study puts it to the test
        Hospitals are already deploying artificial intelligence (AI) to enhance patient care. But can it actually improve doctors' diagnoses? A new study has surprising answers.

      

      
        How 'clean' does a quantum computing test facility need to be?
        How to keep stray radiation from 'shorting' superconducting qubits; a pair of studies shows where ionizing radiation is lurking and how to banish it.

      

      
        Robot identifies plants by 'touching' their leaves
        Researchers have developed a robot that identifies different plant species at various stages of growth by 'touching' their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.

      

      
        Three galactic 'red monsters' in the early Universe
        Astronomers have identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging exist...

      

      
        Fossil fuel CO2 emissions increase again in 2024
        Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research.

      

      
        Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging
        Completely artificial proteins that produce bioluminescence can serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more.

      

      
        Earliest ancient Maya salt works excavated
        A team of archaeologists has excavated the earliest known ancient Maya salt works in southern Belize.

      

      
        In step forward for quantum computing hardware, physicist uncovers novel behavior in quantum-driven superconductors
        A new study has uncovered important behavior in the flow of electric current through quantum superconductors, potentially advancing the development of future technologies like quantum computing.

      

      
        Lab-grown human immune system uncovers weakened response in cancer patients
        These miniature immune system models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

      

      
        A formula for life? New model calculates chances of intelligent beings in our Universe and beyond
        The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation. This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilizations in our Milky Way galaxy. More than 60 years on, astrophysicists have produced a different model which instead focuses on the conditions created by the a...

      

      
        Experts urge complex systems approach to assess artificial intelligence risks
        Scientists point out that a coherent approach to understanding the threats posed by artificial intelligence is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between AI and society.

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Giving robots superhuman vision using radio signals
        Researchers have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

      

      
        In unity towards complex structures
        When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.

      

      
        Blood vessel-like coating could make medical devices safer for patients
        Researchers have developed a groundbreaking coating that could make medical devices safer for millions of patients, reducing the risks associated with blood clots and dangerous bleeding. The new material is designed to mimic the natural behavior of blood vessels so that catheters, stents, blood-oxygenation machines and dialysis machines won't trigger clotting by activating certain proteins in the blood.

      

      
        Breakthrough in photonic time crystals could change how we use and control light
        An international research team has for the first time designed realistic photonic time crystals ---- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.

      

      
        Researchers develop nanofiber patch for treatment of psoriasis
        Researchers have developed a patch for easier and more effective treatment of psoriasis. The method may also be used in treatment of other inflammatory skin diseases.

      

      
        Machine learning predicts highest-risk groundwater sites to improve water quality monitoring
        An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.

      

      
        Using CRISPR to decipher whether gene variants lead to cancer
        Researchers have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.

      

      
        Astronomers' theory of how galaxies formed may be upended
        The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.

      

      
        Bulges calculated in the supercomputer: How cells digest their internal canal system
        Inside cells, there exists an extensive system of canals known as the endoplasmic reticulum (ER), which consists of membrane-encased tubes that are partially broken down as needed -- for instance in case of a nutrient deficiency. As part of this process, bulges or protrusions form in the membrane, which then pinch off and are recycled by the cell. A study has examined this protrusion process using computer simulations. Its finding: certain structural motifs of proteins in the ER membrane play a c...

      

      
        Novel machine learning techniques measure ocean oxygen loss more accurately
        Using data from historic ship measurements and Argo floats, researchers introduced a machine learning technique that improves assessment and analysis of the ocean's declining oxygen levels.

      

      
        New solar composition ratios that could reconcile longstanding questions
        A team combined compositional data of primitive bodies like Kuiper Belt objects, asteroids and comets with new solar data sets to develop a revised solar composition that potentially reconciles spectroscopy and helioseismology measurements for the first time. Helioseismology probes the Sun's interior by analyzing the waves that travel through it, while spectroscopy reveals the surface composition based on the spectral signature produced by each chemical element.

      

      
        Study show the effectiveness of a portable EKG patch
        Research shows that a newly-developed wireless EKG patch is as accurate, if not more accurate, than results from traditional EKG machines. The device is known as the EKG Patch Solution.

      

      
        AI can detect serious neurologic changes in babies in the NICU using video data alone
        Study findings could serve as a foundation for broader neuro-monitoring applications across intensive care units globally.

      

      
        A milestone in the study of octopus arms
        Research describes a computational model that captures the intricate muscular architecture of an octopus arm.

      

      
        Fighting microplastics for a cleaner future
        Creating sustainable chemicals and developing better waste management will contribute to better sustainability. This research is part of figuring out how to make green hydrogen available for waste management using catalysts. The research uses solvents in low amounts that also act as hydrogen sources to break down a specific class of plastics called condensation polymers, which include polyethylene terephthalate (PET) bottles, packaging, textiles, and 3D printing.

      

      
        Swirling polar vortices likely exist on the Sun
        Like the Earth, the Sun likely has swirling polar vortices, according to new research. But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.

      

      
        The refrigerator as a harbinger of a better life
        To get a good sense of a country's level of development, you need to look at the items people have in their homes, according to economists. Research on low- and middle-income countries often focuses on income, health or education, but that doesn't tell you the full story of a country's situation.

      

      
        Super microscope shows nanoscale biological process for the first time
        A new microscope is capable of live imaging of biological processes in such detail that moving protein complexes are visible.

      

      
        Compact error correction: Towards a more efficient quantum 'hard drive'
        Two quantum information theorists have solved a decades-old problem that will free up quantum computing power.

      

      
        A new paradigm in high-speed photoacoustic small animal whole-body imaging
        A team develops high-speed rotational scanning PACT system for monitoring whole-body biodynamic.

      

      
        Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data
        The discovery, centred around controlling tiny hurricanes of light and electromagnetic fields, could revolutionise how much information we can deliver over cables.

      

      
        Research team successfully produces microbial plastic to replace PET bottles
        Researchers have succeeded in developing a microbial strain that efficiently produces pseudoaromatic polyester monomer to replace polyethylene terephthalate (PET) using systems metabolic engineering.

      

      
        Einstein's equations collide with the mysteries of the Universe
        Why is the expansion of our Universe accelerating? Twenty-five years after its discovery, this phenomenon remains one of the greatest scientific mysteries. Solving it involves testing the fundamental laws of physics, including Albert Einstein's general relativity. Researchers compared Einstein's predictions with data from the Dark Energy Survey. Scientists discovered a slight discrepancy that varies with different periods in cosmic history. These results challenge the validity of Einstein's theor...

      

      
        Fermium studied at GSI/FAIR: Researchers investigate nuclear properties of element 100 with laser light
        Where does the periodic table of chemical elements end and which processes lead to the existence of heavy elements? Researchers report on experiments to come closer to an answer. They gained insight into the structure of atomic nuclei of fermium (element 100) with different numbers of neutrons. Using forefront laser spectroscopy techniques, they traced the evolution of the nuclear charge radius and found a steady increase as neutrons were added to the nuclei. This indicates that localized nuclear...

      

      
        Robot that watched surgery videos performs with skill of human doctor, researchers report
        A robot, trained for the first time by watching videos of seasoned surgeons, executed the same surgical procedures as skillfully as the human doctors, say researchers.

      

      
        Carpet fibers stop concrete cracking
        Engineers have found a way to make stronger and crack-resistant concrete with scrap carpet fibers, rolling out the red carpet for sustainability in the construction sector.

      

      
        Carbon recycling instead of plastic trash
        Plastics are inescapable in our daily lives. The vast amounts of plastic garbage heaped in landfills and in the environment, however, are as problematic as the plastics are useful. A research team has now introduced a new method for recycling polystyrene waste. Their efficient electrochemical process uses an inexpensive iron catalyst, produces hydrogen as a byproduct, and can be powered by solar panels.

      

      
        Two hundred times better catalysts thanks to carbon
        How well a catalyst works often depends on the surface it is placed on. For years, it has been known that carbon substrates work well with precious metal catalysts, but it could never be properly explained. Now scientists managed to get to the bottom of this phenomenon -- with remarkable results: Metal atoms which are placed directly next to carbon are two hundred times more effective as catalysts.

      

      
        Discovery taps 'hot carriers' for on-demand, emissions-free hydrogen and catalyst regeneration
        Researchers have developed a new photocatalyst that could render steam methane reforming entirely emissions-free and extend catalyst lifetimes.

      

      
        Researchers drive solid-state innovation for renewable energy storage
        Scientists are developing a formula for success -- by studying how a new type of battery fails. The team's goal is the design for long-term storage of wind and solar energy, which are produced intermittently, enabling their broader use as reliable energy sources for the electric grid.

      

      
        
          	
            Health News
          
          	
            Sections
          
          	
            Environment News
          
        

      

    

  
	
	Articles
	Sections
	Next



Meteorite contains evidence of liquid water on Mars 742 million years ago | ScienceDaily
An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth somewhere near Purdue and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite.


						
During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists have long wondered when that interaction with liquid water took place. An international collaboration of scientists including two from Purdue University's College of Science have recently determined the age of the minerals in the Lafayette Meteorite that formed when there was liquid water. The team has published its findings in Geochemical Perspective Letters.

Marissa Tremblay, assistant professor with the Department of Earth, Atmospheric, and Planetary Sciences (EAPS) at Purdue University, is the lead author of this publication. She uses noble gases like helium, neon and argon, to study the physical and chemical processes shaping the surfaces of Earth and other planets. She explains that some meteorites from Mars contain minerals that formed through interaction with liquid water while still on Mars.

"Dating these minerals can therefore tell us when there was liquid water at or near the surface of Mars in the planet's geologic past," she says. "We dated these minerals in the Martian meteorite Lafayette and found that they formed 742 million years ago. We do not think there was abundant liquid water on the surface of Mars at this time. Instead, we think the water came from the melting of nearby subsurface ice called permafrost, and that the permafrost melting was caused by magmatic activity that still occurs periodically on Mars to the present day."

In this publication, her team demonstrated that the age obtained for the timing of water-rock interaction on Mars was robust and that the chronometer used was not affected by things that happened to Lafayette after it was altered in the presence of water.

"The age could have been affected by the impact that ejected the Lafayette Meteorite from Mars, the heating Lafayette experienced during the 11 million years it was floating out in space, or the heating Lafayette experienced when it fell to Earth and burned up a little bit in Earth's atmosphere," she says. "But we were able to demonstrate that none of these things affected the age of aqueous alteration in Lafayette."

Ryan Ickert, senior research scientist with Purdue EAPS, is a co-author of the paper. He uses heavy radioactive and stable isotopes to study the timescales of geological processes. He demonstrated that other isotope data (previously used to estimate the timing of water-rock interaction on Mars) were problematic and had likely been affected by other processes.




"This meteorite uniquely has evidence that it has reacted with water. The exact date of this was controversial, and our publication dates when water was present," he says.

Found in a drawer

Thanks to research, quite a bit is known about the Lafayette Meteorite's origin story. It was ejected from the surface of Mars about 11 million years ago by an impact event.

"We know this because once it was ejected from Mars, the meteorite experienced bombardment by cosmic ray particles in outer space, that caused certain isotopes to be produced in Lafayette," Tremblay says. "Many meteoroids are produced by impacts on Mars and other planetary bodies, but only a handful will eventually fall to Earth."

But once Lafayette hit Earth, the story gets a little muddy. It is known for certain that the meteorite was found in a drawer at Purdue University in 1931. But how it got there is still a mystery. Tremblay and others made strides in explaining the history of the post-Earth timeline in a recent publication.

"We used organic contaminants from Earth found on Lafayette (specifically, crop diseases) that were particularly prevalent in certain years to narrow down when it might have fallen, and whether the meteorite fall may have been witnessed by someone," Tremblay says.




Meteorites: time capsules of the universe

Meteorites are solid time capsules from planets and celestial bodies from our universe. They carry with them bits of data that can be unlocked by geochronologists. They set themselves apart from rocks that may be found on Earth by a crust that forms from its descent through our atmosphere and often form a fiery entrance visible in the night's sky.

"We can identify meteorites by studying what minerals are present in them and the relationships between these minerals inside the meteorite," says Tremblay. "Meteorites are often denser than Earth rocks, contain metal, and are magnetic. We can also look for things like a fusion crust that forms during entry into Earth's atmosphere. Finally, we can use the chemistry of meteorites (specifically their oxygen isotope composition) to fingerprint which planetary body they came from or which type of meteorite it belongs to."

An international collab

The team involved with this publication included an international collaboration of scientists. The team also includes Darren F. Mark, Dan N. Barfod, Benjamin E. Cohen, Martin R. Lee, Tim Tomkinson and Caroline L. Smith representing the Scottish Universities Environmental Research Centre (SUERC), the Department of Earth and Environmental Science at the University of St Andrews, the School of Geographical and Earth Sciences at the University of Glasgow, the School of Earth Sciences at the University of Bristol, and the Science Group at The Natural History Museum in London.

"Before moving to Purdue, Ryan and I were both based at the Scottish Universities Environmental Research Centre, where the argon-argon isotopic analyses of the alteration minerals in Lafayette took place" Tremblay says. "Our collaborators at SUERC, the University of Glasgow, and the Natural History Museum have previously done a lot of work studying the history of Lafayette."

Dating the alteration minerals in Lafayette and, more generally, in this class of meteorites from Mars called nakhlites, has been a long-term objective in planetary science because scientists know that the alteration happened in the presence of liquid water on Mars. However, these materials are especially difficult to date, and previous attempts at dating them had either been very uncertain and/or likely affected by processes other than aqueous alteration.

"We have demonstrated a robust way to date alteration minerals in meteorites that can be applied to other meteorites and planetary bodies to understand when liquid water might have been present," Tremblay says.

Because of the Stahura Undergraduate Meteorite Fund, Tremblay and Ickert will be able to continue studying the geochemistry and histories of meteorites and undergraduates at Purdue EAPS will be able to assist in this research.
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Engineers make converting CO2 into useful products more practical | ScienceDaily
As the world struggles to reduce greenhouse gas emissions, researchers are seeking practical, economical ways to capture carbon dioxide and convert it into useful products, such as transportation fuels, chemical feedstocks, or even building materials. But so far, such attempts have struggled to reach economic viability.


						
New research by engineers at MIT could lead to rapid improvements in a variety of electrochemical systems that are under development to convert carbon dioxide into a valuable commodity. The team developed a new design for the electrodes used in these systems, which increases the efficiency of the conversion process.

The findings will be reported in the journal Nature Communications, in a paper by MIT doctoral student Simon Rufer, professor of mechanical engineering Kripa Varanasi, and three others.

"The CO2 problem is a big challenge for our times, and we are using all kinds of levers to solve and address this problem," Varanasi says. It will be essential to find practical ways of removing the gas, he says, either from sources such as power plant emissions, or straight out of the air or the oceans. But then, once the CO2 has been removed, it has to go somewhere.

A wide variety of systems have been developed for converting that captured gas into a useful chemical product, Varanasi says. "It's not that we can't do it -- we can do it. But the question is how can we make this efficient? How can we make this cost-effective?"

In the new study, the team focused on the electrochemical conversion of CO2 to ethylene, a widely used chemical that can be made into a variety of plastics as well as fuels, and which today is made from petroleum. But the approach they developed could also be applied to producing other high-value chemical products as well, including methane, methanol, carbon monoxide, and others, the researchers say.

Currently, ethylene sells for about $1,000 per ton, so the goal is to be able to meet or beat that price. The electrochemical process that converts CO2 into ethylene involves a water-based solution and a catalyst material, which come into contact along with an electric current in a device called a gas diffusion electrode.




There are two competing characteristics of the gas diffusion electrode materials that affect their performance: They must be good electrical conductors so that the current that drives the process doesn't get wasted through resistance heating, but they must also be "hydrophobic," or water repelling, so the water-based electrolyte solution doesn't leak through and interfere with the reactions taking place at the electrode surface.

Unfortunately, it's a tradeoff. Improving the conductivity reduces the hydrophobicity, and vice versa. Varanasi and his team set out to see if they could find a way around that conflict, and after many months of trying, they did just that.

The solution, devised by Rufer and Varanasi, is elegant in its simplicity. They used a plastic material, PTFE (essentially Teflon), that has been known to have good hydrophobic properties. However, PTFE's lack of conductivity means that electrons must travel through a very thin catalyst layer, leading to significant voltage drop with distance. To overcome this limitation, the researchers wove a series of conductive copper wires through the very thin sheet of the PTFE.

"This work really addressed this challenge, as we can now get both conductivity and hydrophobicity," Varanasi says.

Research on potential carbon conversion systems tends to be done on very small, lab-scale samples, typically less than 1-inch (2.5-centimeter) squares. To demonstrate the potential for scaling up, Varanasi's team produced a sheet 10 times larger in area and demonstrated its effective performance.

To get to that point, they had to do some basic tests that had apparently never been done before, running tests under identical conditions but using electrodes of different sizes to analyze the relationship between conductivity and electrode size. They found that conductivity dropped off dramatically with size, which would mean much more energy, and thus cost, would be needed to drive the reaction.




"That's exactly what we would expect, but it was something that nobody had really dedicatedly investigated before," Rufer says. In addition, the larger sizes produced more unwanted chemical byproducts besides the intended ethylene.

Real-world industrial applications would require electrodes that are perhaps 100 times larger than the lab versions, so adding the conductive wires will be necessary for making such systems practical, the researchers say. They also developed a model which captures the spatial variability in voltage and product distribution on electrodes due to ohmic losses. The model along with the experimental data they collected enabled them to calculate the optimal spacing for conductive wires to counteract the drop off in conductivity.

In effect, by weaving the wire through the material, the material is divided into smaller subsections determined by the spacing of the wires. "We split it into a bunch of little subsegments, each of which is effectively a smaller electrode," Rufer says. "And as we've seen, small electrodes can work really well."

Because the copper wire is so much more conductive than the PTFE material, it acts as a kind of superhighway for electrons passing through, bridging the areas where they are confined to the substrate and face greater resistance.

To demonstrate that their system is robust, the researchers ran a test electrode for 75 hours continuously, with little change in performance. Overall, Rufer says, their system "is the first PTFE-based electrode which has gone beyond the lab scale on the order of 5 centimeters or smaller. It's the first work that has progressed into a much larger scale and has done so without sacrificing efficiency."

The weaving process for incorporating the wire can be easily integrated into existing manufacturing processes, even in a large-scale roll-to-roll process, he adds.

"Our approach is very powerful because it doesn't have anything to do with the actual catalyst being used," Rufer says. "You can sew this micrometric copper wire into any gas diffusion electrode you want, independent of catalyst morphology or chemistry. So, this approach can be used to scale anybody's electrode."

"Given that we will need to process gigatons of CO2 annually to combat the CO2 challenge, we really need to think about solutions that can scale," Varanasi says. "Starting with this mindset enables us to identify critical bottlenecks and develop innovative approaches that can make a meaningful impact in solving the problem. Our hierarchically conductive electrode is a result of such thinking."

The research team included MIT graduate students Michael Nitzsche and Sanjay Garimella, as well as Jack Lake PhD '23. The work was supported by Shell, through the MIT Energy Initiative.
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Gas-churning monster black holes | ScienceDaily
Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.


						
"It's a very weird event, called AT 2021hdr, that keeps recurring every few months," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Institute of Astrophysics, the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, and University of Valparaiso in Chile. "We think that a gas cloud engulfed the black holes. As they orbit each other, the black holes interact with the cloud, perturbing and consuming its gas. This produces an oscillating pattern in the light from the system."

A paper about AT 2021hdr, led by Hernandez-Garcia, was published Nov. 13 in the journal Astronomy and Astrophysics.

The dual black holes are in the center of a galaxy called 2MASX J21240027+3409114, located 1 billion light-years away in the northern constellation Cygnus. The pair are about 16 billion miles (26 billion kilometers) apart, close enough that light only takes a day to travel between them. Together they contain 40 million times the Sun's mass.

Scientists estimate the black holes complete an orbit every 130 days and will collide and merge in approximately 70,000 years.

AT 2021hdr was first spotted in March 2021 by the Caltech-led ZTF (Zwicky Transient Facility) at the Palomar Observatory in California. It was flagged as a potentially interesting source by ALeRCE (Automatic Learning for the Rapid Classification of Events). This multidisciplinary team combines artificial intelligence tools with human expertise to report events in the night sky to the astronomical community using the mountains of data collected by survey programs like ZTF.

"Although this flare was originally thought to be a supernova, outbursts in 2022 made us think of other explanations," said co-author Alejandra Munoz-Arancibia, an ALeRCE team member and astrophysicist at the Millennium Institute of Astrophysics and the Center for Mathematical Modeling at the University of Chile. "Each subsequent event has helped us refine our model of what's going on in the system."

Since the first flare, ZTF has detected outbursts from AT 2021hdr every 60 to 90 days.




Hernandez-Garcia and her team have been observing the source with Swift since November 2022. Swift helped them determine that the binary produces oscillations in ultraviolet and X-ray light on the same time scales as ZTF sees them in the visible range.

The researchers conducted a Goldilocks-type elimination of different models to explain what they saw in the data.

Initially, they thought the signal could be the byproduct of normal activity in the galactic center. Then they considered whether a tidal disruption event -- the destruction of a star that wandered too close to one of the black holes -- could be the cause.

Finally, they settled on another possibility, the tidal disruption of a gas cloud, one that was bigger than the binary itself. When the cloud encountered the black holes, gravity ripped it apart, forming filaments around the pair, and friction started to heat it. The gas got particularly dense and hot close to the black holes. As the binary orbits, the complex interplay of forces ejects some of the gas from the system on each rotation. These interactions produce the fluctuating light Swift and ZTF observe.

Hernandez-Garcia and her team plan to continue observations of AT 2021hdr to better understand the system and improve their models. They're also interested in studying its home galaxy, which is currently merging with another one nearby -- an event first reported in their paper.

"As Swift approaches its 20th anniversary, it's incredible to see all the new science it's still helping the community accomplish," said S. Bradley Cenko, Swift's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "There's still so much it has left to teach us about our ever-changing cosmos."
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An advance toward inhalable mRNA medications, vaccines | ScienceDaily
Most people don't enjoy getting shots for treatments or vaccines. So, researchers are working to create more medicines, such as those made from messenger RNA (mRNA), that can be sprayed and inhaled. A study in the Journal of the American Chemical Society reports steps toward making inhalable mRNA medicines a possibility. Researchers outline their improved lipid-polymer nanoparticle for holding mRNA that is stable when nebulized and successfully delivers aerosols (liquid droplets) in mice's lungs.


						
mRNA medicines encode proteins that could treat or prevent a variety of illnesses, including lung diseases. However, these proteins are delicate and can't enter cells by themselves. To get intact mRNA inside lung cells, tiny fatty spheres (known as lipid nanoparticles) can be used like suitcases to store and transport the components until they reach their final destination. However, early versions of fatty spheres for mRNA delivery won't work for inhalable medications because the nanoparticles clump together or increase in size when sprayed into the air. To try to address this problem, previous researchers attached a polymer, such as polyethylene glycol, onto one of the particle's fatty components, but this didn't stabilize the resulting lipid nanoparticles enough.

Now, Daniel Anderson, Allen Jiang, Sushil Lathwal and colleagues have hypothesized that a different type of polymer, one with repeating units of positively and negatively charged components called a zwitterionic polymer, could create mRNA-containing lipid nanoparticles that can withstand nebulization (turning a liquid into a mist). The researchers synthesized a variety of lipid nanoparticles out of four ingredients: a phospholipid, cholesterol, an ionizable lipid, and lipids of different lengths attached to zwitterionic polymers of various lengths. Initial tests indicated that many of the resulting lipid nanoparticles efficiently held mRNA and didn't change size during misting or after being misted.

Then in animal trials, the researchers determined that a lower-cholesterol version of the lipid nanoparticles with zwitterionic polymers was the optimal formulation for aerosol delivery. When transporting an mRNA encoding a luminescent protein, this nanoparticle produced the highest luminescence within the animals' lungs and a uniform protein expression in the tissues, thereby demonstrating that it had the best ability to deliver inhaled mRNA. Mice given three airborne doses of the optimal nanoparticle over a 2-week period maintained consistent luminescent protein production without experiencing measurable inflammation in the lungs. The delivery method even worked in mice with a thick layer of mucus lining their airways, which was meant to model the lungs of people with cystic fibrosis. Taken together, the researchers say this set of results demonstrates the successful airborne delivery of mRNA using zwitterionic polymers in lipid nanoparticles. As a next step, they plan to conduct tests in larger animals.

The authors acknowledge funding from the U.S. National Institutes of Health, Sanofi (formerly Translate Bio), the Cystic Fibrosis Foundation, the Massachusetts Institute of Technology Undergraduate Research Opportunities Program, and the Koch Institute Support (core) Grant from the National Cancer Institute.

The authors have filed a patent on this technology. Some authors are founders of oRNA Therapeutics and Moderna, biotechnology companies that produce RNA and mRNA medicines, respectively.
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A step toward safer X-rays with new detector technology | ScienceDaily
X-rays are a common component of diagnostic testing and industrial monitoring, used for everything from monitoring your teeth to scanning your suitcase at the airport. But the high-energy rays also produce ionizing radiation, which can be dangerous after prolonged or excessive exposures. Now, researchers publishing in ACS Central Sciencehave taken a step toward safer X-rays by creating a highly sensitive and foldable detector that produces good quality images with smaller dosages of the rays.


						
"This advancement reduces detection limits and paves the way for safer and more energy-efficient medical imaging and industrial monitoring," says Omar F. Mohammed, the corresponding author on the study. "It demonstrates that cascade-engineered devices enhance the capabilities of single crystals in X-ray detection."

Just like visible light and radio waves, X-rays are a form of electromagnetic radiation. Their high-energy state allows them to pass through most objects -- including the soft tissues of our bodies. To produce an X-ray image, called a radiograph, the rays either pass through the body and appear as shadowy shapes on the image, or get stuck in denser tissues like bones, leaving behind a brighter, white area. The amount of radiation a patient is exposed to during a single scan is not dangerous, and one would have to undergo thousands of scans to start to notice compounding effects. However, these repeated exposures to high-energy rays can damage electronic equipment or pose a risk to someone like an X-ray technician. So, the fewer rays used during a scan, the better, right?

Unfortunately, fewer rays mean a lower-quality radiograph. But by increasing the sensitivity of the detector, a low-dose, high-quality X-ray could theoretically be produced. So, Omar Mohammed and colleagues at the King Abdullah University of Science and Technology engineered a device that facilitates these safer X-ray conditions.

To increase X-ray detector sensitivity, the researchers aimed to minimize the dark current -- the residual background noise -- generated by the device. To do so, they created detectors using specialized methylammonium lead bromide perovskite crystals, and then they connected the crystals in an electrical configuration known as a cascade.

The cascade configuration nearly halved the dark current, which improved the X-ray detection limit by five times compared with previous detectors made from the same crystals but without the cascade. Radiographs made with the new detector revealed fine details, such as a metal needle piercing a raspberry and the interior components of a USB cable. The team states that this technology is a promising method for developing foldable, safer and sensitive commercial X-ray devices, which would serve to minimize radiation exposure during medical procedures and capture subtle details in industrial monitoring.

The authors acknowledge funding from the King Abdullah University of Science and Technology (KAUST).
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On the origin of life: How the first cell membranes came to exist | ScienceDaily
Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms?


						
New research from the lab of University of California San Diego Professor of Chemistry and Biochemistry Neal Devaraj has uncovered a plausible explanation involving the reaction between two simple molecules. This work appears in Nature Chemistry.

Life on Earth requires lipid membranes -- the structure of a cell that houses its interior mechanics and acts as a scaffold for many biological reactions. Lipids are made from long chains of fatty acids, but before the existence of complex life, how did these first cell membranes form from the simple molecules present on Earth billions of years ago?

Scientists believe that simple molecules of short fatty chains of fewer than 10 carbon-carbon bonds (complex fatty chains can have nearly twice that many bonds) were abundant on early Earth. However, molecules with longer chain lengths are necessary to form vesicles, the compartments that house a cell's complicated machinery.

While it may have been possible for some simple fatty molecules to form lipid compartments on their own, the molecules would be needed in very high concentrations that likely did not exist on a prebiotic Earth -- a time when conditions on Earth may have been hospitable to life but none yet existed.

"On the surface, it may not seem novel because lipid production happens in the presence of enzymes all the time," stated Devaraj, who is also the Murray Goodman Endowed Chair in Chemistry and Biochemistry. "But over four billion years ago, there were no enzymes. Yet somehow these first protocell structures were formed. How? That's the question we were trying to answer."

To uncover an explanation for these first lipid membranes, Devaraj's team started with two simple molecules: an amino acid named cysteine and a short-chain choline thioester, similar to molecules involved in the biochemical formation and degradation of fatty acids.




The researchers used silica glass as a mineral catalyst because the negatively charged silica was attracted to the positively charged thioester. On the silica surface, the cysteine and thioesters spontaneously reacted to form lipids, generating protocell-like membrane vesicles stable enough to sustain biochemical reactions. This happened at lower concentrations than what would be needed in the absence of a catalyst.

"Part of the work we're doing is trying to understand how life can emerge in the absence of life. How did that matter-to-life transition initially occur?" said Devaraj. "Here we have provided one possible explanation of what could have happened."

Full list of authors: Christy J. Cho, Taeyang An, Alessandro Fracassi, Roberto J. Brea and Neal K. Devaraj (all UC San Diego); Yei-Chen Lai, Alberto Vazquez-Salazar and Irene A. Chen (all UCLA).

This research was supported, in part, by National Science Foundation (EF-1935372) and the National Institutes of Health (R35-GM141939).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241113123534.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research reveals unseen factors behind lithium-ion battery degradation | ScienceDaily
An international team of scientists has identified a surprising factor that accelerates the degradation of lithium-ion batteries leading to a steady loss of charge. This discovery provides a new understanding of battery life and offers strategies to combat self-discharge, which could improve performance in various applications from smartphones to electric vehicles.


						
According to Art?ras Vailionis, a core lead of the X-ray and Surface Analysis group at Stanford University and a visiting professor at the Lithuanian Kaunas University of Technology (KTU), it has been (and still is) commonly believed that the self-discharge of a fully charged battery is due to the diffusion of lithium atoms from the electrolyte to the battery's cathode.

"However, our study has shown that it is the diffusion of protons (hydrogen ions) that is causing a battery's self-discharge. Based on the results of this study, it is possible to propose ways to extend the life of the battery by reducing self-discharge," says Vailionis.

These ways may include supplementing additives to the electrolyte that do not contain hydrogen molecules, such as CH2, or using a special coating to reduce the cathode surface's reaction with the electrolyte.

Longer battery life for greener and more cost-effective technologies

Prof. Vailionis explains that self-discharge shortens both the calendar and cyclic life of the battery, and over time it causes a decrease in its voltage and capacity. The limited lifespan of a lithium battery has environmental and economic impacts; therefore, it is important to understand and prevent this issue.

The discovery of an entirely new phenomenon behind the self-discharge of the batteries might pave the way to greener, more cost-effective and more reliable technology.




"The longer lifetime of lithium-ion batteries means that consumers need to change their batteries or electronic devices less often. Also, longer battery life helps to reduce the amount of electronic waste and prevents resource depletion -- lithium, cobalt, and nickel are finite resources -- thus contributing to more sustainable practices," says Vailionis, a visiting professor at KTU, Lithuania.

Devices with long-lasting batteries, such as smartphones, laptops and others, can be used for longer without the need to recharge them, and in industrial applications with large battery systems (e.g. electric vehicles or grid energy storage), longer battery life means a higher return on investment, making these technologies more economical. Besides, in renewable energy systems, such as solar and wind power, longer battery life increases the efficiency and reliability of energy storage, helps stabilise the energy supply and reduces dependence on fossil fuels.

As lithium-ion batteries are also used in medical devices, aerospace and defence systems, longer battery life reduces the risk of failure in critical situations.

"Overall, longer battery life improves sustainability, economy and productivity in a wide range of industrial applications," adds Vailionis.

The outcome of the large international group of scientists

Prof. Vailionis emphasises that the study results are the outcome of the work of a large international group of scientists from different fields. Vailionis's team at Stanford University used X-ray diffraction to identify two different structures in the cathode: one at the surface (the one affected by hydrogen ions) and one deeper inside the cathode. X-ray reflectometry also confirmed the existence of a surface layer with hydrogen atoms.

Vailionis, a Stanford University scientist, has been a visiting professor at KTU, Lithuania for 13 years. Every year, he gives a course on X-ray diffraction to the students of the physics study programmes and takes part in common projects with KTU scientists.

"Since I left, Lithuania has changed beyond recognition: universities are getting much better funding for education, they have access to European funds. Scientists and PhD students have great opportunities to go to other universities and research institutions to study, to go to conferences and to share their research results," says a KTU visiting professor.

According to him, Lithuanian students have also changed: "They are much more active in the class than they were in my time, and there are no problems with the English language."
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Anti-fatberg invention could help unclog city sewers | ScienceDaily
Engineers from RMIT University have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.


						
Fat, oil and grease (known as FOG) -- infamous for solidifying inside pipes and concrete sewers -- causes half of all sewer blockages in the United States and 40% in Australia. The cost of these blockages in terms of maintenance and rehabilitation is estimated at US$25 billion in the US and A$100 million in Australia per year.

It is the mixture of fat, oil and grease with calcium and water in sewers that often leads to the formation of fatbergs. But the team's zinc-enhanced polyurethane coating offers a promising sustainable solution by reducing the release of calcium from concrete blocks by up to 80% compared with uncoated concrete.

The study led by Dr Biplob Pramanik mimicked a sewer environment under extreme conditions that rapidly sped up the fatberg formation process over 30 days.

It showed the coating reduced build-up of FOG on concrete by 30% compared to non-coated concrete.

"The reduction of fat, oil and grease build-up can be attributed to the significantly reduced release of calcium from coated concrete, as well as less sticking of FOG on the coating surface compared to the rough, uncoated concrete surface," said Pramanik, Director of Water: Effective Technologies and Tools (WETT) Research Centre at RMIT.

"Traditional coatings like magnesium hydroxide, widely used for over two decades, are effective in controlling sewer corrosion but can inadvertently contribute to FOG build-up by interacting with fatty acids."

The team's invention is stable in water and withstands temperatures of up to 850 degrees Celsius. It is also self-healing at room temperature, meaning it can repair any damage to itself and extend its lifespan.




"We drew inspiration from the regenerative capabilities observed in nature, including human skin's ability to heal itself," Pramanik said.

Co-researcher Dr Sachin Yadav said the team examined the healing performance of the coatings by inflicting surface scratches with a blade.

"The creation of surface scratches on the self-healing polyurethane coating sample triggered the healing process," Yadav said.

"After the healing period, we observed a noticeable improvement in the surface scratches."

Next steps

The team is developing an improved coating to achieve a greater reduction of FOG deposition in sewers by enhancing its self-healing capabilities and mechanical strength.




Pramanik is also the Chief Investigator for a recently announced ARC Linkage Project that will develop an advanced grease interceptor for restaurants and other food service establishments to remove small FOG particles more effectively than current technologies.

His team at RMIT is partnering with South East Water, VicWater, Water Research Australia, Barwon Region Water Corporation, Queensland Urban Utilities and water technology company ACO on the ARC Linkage Project.

"Novel hybrid coating material with triple distinct healing bond for fat oil and grease deposition control in the sewer system" is published in the Chemical Engineering Journal.
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Does AI improve doctors' diagnoses? Study puts it to the test | ScienceDaily
With hospitals already deploying artificial intelligence to improve patient care, a new study has found that using Chat GPT Plus does not significantly improve the accuracy of doctors' diagnoses when compared with the use of usual resources.


						
The study, from UVA Health's Andrew S. Parsons, MD, MPH and colleagues, enlisted 50 physicians in family medicine, internal medicine and emergency medicine to put Chat GPT Plus to the test. Half were randomly assigned to use Chat GPT Plus to diagnose complex cases, while the other half relied on conventional methods such as medical reference sites (for example, UpToDate(c)) and Google. The researchers then compared the resulting diagnoses, finding that the accuracy across the two groups was similar.

That said, Chat GPT alone outperformed both groups, suggesting that it still holds promise for improving patient care. Physicians, however, will need more training and experience with the emerging technology to capitalize on its potential, the researchers conclude.

For now, Chat GPT remains best used to augment, rather than replace, human physicians, the researchers say.

"Our study shows that AI alone can be an effective and powerful tool for diagnosis," said Parsons, who oversees the teaching of clinical skills to medical students at the University of Virginia School of Medicine and co-leads the Clinical Reasoning Research Collaborative. "We were surprised to find that adding a human physician to the mix actually reduced diagnostic accuracy though improved efficiency. These results likely mean that we need formal training in how best to use AI."

Chat GPT for Disease Diagnosis

Chatbots called "large language models" that produce human-like responses are growing in popularity, and they have shown impressive ability to take patient histories, communicate empathetically and even solve complex medical cases. But, for now, they still require the involvement of a human doctor.




Parsons and his colleagues were eager to determine how the high-tech tool can be used most effectively, so they launched a randomized, controlled trial at three leading-edge hospitals -- UVA Health, Stanford and Harvard's Beth Israel Deaconess Medical Center.

The participating docs made diagnoses for "clinical vignettes" based on real-life patient-care cases. These case studies included details about patients' histories, physical exams and lab test results. The researchers then scored the results and examined how quickly the two groups made their diagnoses.

The median diagnostic accuracy for the docs using Chat GPT Plus was 76.3%, while the results for the physicians using conventional approaches was 73.7%. The Chat GPT group members reached their diagnoses slightly more quickly overall -- 519 seconds compared with 565 seconds.

The researchers were surprised at how well Chat GPT Plus alone performed, with a median diagnostic accuracy of more than 92%. They say this may reflect the prompts used in the study, suggesting that physicians likely will benefit from training on how to use prompts effectively. Alternately, they say, healthcare organizations could purchase predefined prompts to implement in clinical workflow and documentation.

The researchers also caution that Chat GPT Plus likely would fare less well in real life, where many other aspects of clinical reasoning come into play -- especially in determining downstream effects of diagnoses and treatment decisions. They're urging additional studies to assess large language models' abilities in those areas and are conducting a similar study on management decision-making.

"As AI becomes more embedded in healthcare, it's essential to understand how we can leverage these tools to improve patient care and the physician experience," Parsons said. "This study suggests there is much work to be done in terms of optimizing our partnership with AI in the clinical environment."

Following up on this groundbreaking work, the four study sites have also launched a bi-coastal AI evaluation network called ARiSE (AI Research and Science Evaluation) to further evaluate GenAI outputs in healthcare. Find out more information at the ARiSE website.
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How 'clean' does a quantum computing test facility need to be? | ScienceDaily
Now is the time to banish low-level radioactive energy sources from facilities that house and conduct experiments with superconducting qubits, according to a pair of recently published studies. Significantly improving quantum device coherence times is a key step toward an era of practical quantum computing.


						
Two complementary articles, published in the journals PRX Quantum and the Journal of Instrumentation, outline which sources of interfering ionizing radiation are most problematic for superconducting quantum computers and how to address them. The findings set the stage for quantitative study of errors caused by radiation effects in shielded underground facilities.

A research team led by physicists at the Department of Energy's Pacific Northwest National Laboratory, in collaboration with colleagues at MIT's Lincoln Laboratory, the National Institute of Standards and Technology, along with multiple academic partners, published their findings to assist the quantum computing community to prepare for the next generation of qubit development.

Electronic 'noise' undermines efforts to extend qubit life

"The time is coming soon when advances in design and materials will result in qubits stable enough that environmental effects from stray radiation become the rate-limiting step to quantum coherence," said physicist Brent VanDevender, one of the research team leads. VanDevender was one of the first scientists to identify natural ionizing radiation as a source of instability for the functioning of qubits, the basic unit of a quantum computer.

Even the slightest interference can cause errors that lead superconducting qubits to lose their quantum state, a process known as decoherence. The research team found that cosmic radiation and naturally occurring isotopes, which emit low levels of ionizing radiation and are found in common materials, are about equally responsible for causing decoherence.

"Once we established the effect of ionizing radiation on superconducting qubits, we knew we needed to systematically and quantitatively identify sources of radiation in the environment," said lead experimental physicist Ben Loer. "Our experience with measuring ultra-low levels of radiation in the laboratory led us to include radiation sources within the very experimental units, cryostats, where these experimental qubits are studied."

"We found that a lot of the electrical connectors are just filthy dirty from the standpoint of acting as a radiation source," VanDevender added.




Cleaning up underground

Combined, the two studies point to effective measures for shielding sensitive experimental equipment from the effects of radiation exposure.

In the Journal of Instrumentation, the research team describes the precautions taken to greatly reduce the potential for atmospheric and isotope radiation exposure in a shielded underground qubit testbed facility on the Richland, Washington campus of PNNL called the Low Background Cryogenic Facility. Constructed within an existing ultra-clean underground laboratory, the test bed includes a cryostat, also known as a dilution refrigerator, capable of cooling superconducting qubit devices to near absolute zero, a key to stabilizing quantum computing devices of this design. The research team reports that this lead-shielded cryostat could reduce the error rate by 20 times compared with the error rate seen in a typical above-ground, unshielded facility.

In addition, the team reports that certain relatively simple precautions, such as eliminating natural sources of radiation within materials inside the dilution refrigerator, go a long way toward making quantum computing devices viable. These sources include metal isotopes -- naturally occurring variants of elements that spontaneously eject radiation in the form of alpha, beta, and gamma rays -- which can interfere with quantum devices.

In their exploration of these radiation sources within the lab, they used specialized ultrasensitive detection methods to identify contaminants in silicon, copper and ceramic electronic components such as circuit boards and cables used to collect data from instruments, and even the qubits themselves. To reduce the impact from these devices, the team advises using materials like brass instead of beryllium-copper alloys typically found in cables. Future goals of this research include testing the effectiveness of "radiation-hardened" qubits that are less sensitive to the impact of radiation and studying low-background materials.

Transferring knowledge from sensitive detection technology

In the companion study, published in PRX Quantum, the research team directly measured ionizing radiation interactions on a superconducting sensor inside a cryocooler, a refrigerator that can reach ultra-cold cryogenic temperatures. They used simple radiation detection circuits printed on a piece of silicon similar to that used for qubits. Here they showed that stray radiation that interacts with a silicon circuit board and that could possibly cause decoherence in a qubit or other "unwelcome effects on circuit performance" matches well with the predicted rate and energy spectrum.




The research team relied on expertise developed during design and building of double beta decay detectors, neutrino detectors and dark matter detectors, which are similarly sensitive to low levels of radiation. The research team identified two complementary approaches to reducing the sensitivity of superconducting elements to stray radiation as first steps toward "radiation hardening:" isolating the superconducting elements on crystal "islands" and simply making the crystal substrate thinner.

"We've demonstrated which sources of radiation are important, and we're eager to see how new devices will perform in our low-background facility," said Loer.

This research was supported by the Department of Energy, Office of Science, Nuclear Physics program's Quantum Horizons program and an Early Career Award to Ben Loer, as well as the High Energy Physics program's Quantum Information Science Enabled Discovery (QuantISED) program and internal investments by PNNL.
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Robot identifies plants by 'touching' their leaves | ScienceDaily
Researchers in China have developed a robot that identifies different plant species at various stages of growth by "touching" their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches, according to the study, published November 13 in the journal Device. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.


						
Eventually, large-scale farmers and agricultural researchers could use the robot to monitor the health and growth of crops and to make tailored decisions about how much water and fertilizer to give their plants and how to approach pest control, says Zhongqian Song, an associate professor at the Shandong First Medical University & Shandong Academy of Medical Sciences and an author of the study.

"It could revolutionize crop management and ecosystem studies and enable early disease detection, which is crucial for plant health and food security," he says.

Rather than making physical contact with a plant, existing devices capture more limited information using visual approaches, which are vulnerable to factors such as lighting conditions, changes in the weather, or background interference.

To overcome these limitations, Song and colleagues developed a robot that "touches" plants using a mechanism inspired by human skin, with structures working together in a hierarchical way to gain information through touch. When an electrode in the robot makes contact with a leaf, the device learns about the plant by measuring several properties: the amount of charge that can be stored at a given voltage, how difficult it is for electrical current to move through the leaf, and contact force as the robot grips the leaf.

Next, this data is processed using machine learning in order to classify the plant, since different values for each measure correlate with different plant species and stages of growth.

While the robot shows "vast and unexpected" potential applications in fields ranging from precision agriculture to ecological studies to plant disease detection, it has several weaknesses that have yet to be addressed, says Song. For example, the device is not yet versatile enough to consistently identify types of plants with complicated structures, such as burrs and needle-like leaves. This could be remedied by improving the design of the robot's electrode, he says.

"It may take a relatively long period of time to reach large-scale production and deployment depending on technological and market developments," says Song.

As a next step the researchers plan to expand how many plants the robot can recognize by collecting data from a wider variety of species, boosting the plant species database they use to train algorithms. The researchers also hope to further integrate the device's sensor so that it can display results in real time, even without an external power source, says Song.
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Three galactic 'red monsters' in the early Universe | ScienceDaily
An international team led by the University of Geneva (UNIGE) has identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging existing galaxy formation models. The study is published in Nature.


						
In the theoretical model favored by scientists, galaxies form gradually within large halos of dark matter. Dark matter halos capture gas (atoms and molecules) into gravitationally bound structures. Typically, only at most ~20% of this gas is converted into stars in galaxies. However, new findings by an international team led by UNIGE with NASA's James Webb Space Telescope (JWST) challenges this view. They reveal that massive galaxies in the early Universe may have been much more efficient in building stars than their later counterparts, growing much more rapidly than previously thought.

Discovery of "Red Monsters"

JWST's unparalleled capabilities have allowed astronomers to systematically study galaxies in the very distant and early Universe, providing insights into massive and dust-obscured galaxies. By analyzing galaxies in the FRESCO survey, scientists found that most sources fit existing models. However, they also found three surprisingly massive galaxies, with stellar masses comparable to today's Milky Way. These are forming stars nearly twice as efficiently as their lower-mass counterparts and galaxies at later times. Due to their high dust content, which gives them a distinct red appearance in JWST images, they have been named the three "Red Monsters."

''Our findings are reshaping our understanding of galaxy formation in the early Universe,'' says Dr. Mengyuan Xiao, lead author of the new study and postdoctoral researcher in the Department of Astronomy at UNIGE Faculty of Science. ''The massive properties of these 'Red Monsters' were hardly determined before JWST, as they are optically invisible due to dust attenuation," says Dr. David Elbaz, director of research at CEA Paris-Saclay.

A Milestone in Galaxy Observations

The international team has developed a new program with the JWST to systematically analyze a complete sample of emission-line galaxies within the first billion years of cosmic history. This approach enabled the team to achieve precise distance estimates and reliable stellar mass measurements for the full galaxy sample.




''Our findings highlight the remarkable power of NIRCam/grism spectroscopy," explains Pascal Oesch, associate professor in the Department of Astronomy at the UNIGE Faculty of Science, principal investigator of this observation programme. ''The instrument on board the space telescope allows us to identify and study the growth of galaxies over time, and to obtain a clearer picture of how stellar mass accumulates over the course of cosmic history.''

''Too many, too massive" galaxies in the early Universe

While these findings do not conflict with the standard cosmological model, they raise new questions for galaxy formation theories, specifically the issue of "too many, too massive" galaxies in the early Universe. Current models may need to consider unique processes that allowed certain early massive galaxies to achieve such efficient star formation and thus form very rapidly, very early in the Universe. Future observations with JWST and the Atacama Large Millimeter Array (ALMA) will provide further insights into these ultra-massive "Red Monsters" and reveal larger samples of such sources.

''These results indicate that galaxies in the early Universe could form stars with unexpected efficiency,'' Dr. Mengyuan Xiao concludes. ''As we study these galaxies in more depth, they will offer new insights into the conditions that shaped the Universe's earliest epochs. The 'Red Monsters' are just the beginning of a new era in our exploration of the early Universe.''
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Fossil fuel CO2 emissions increase again in 2024 | ScienceDaily
Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research by the Global Carbon Project science team.


						
The 2024 Global Carbon Budget projects fossil carbon dioxide (CO 2) emissions of 37.4 billion tonnes, up 0.8% from 2023.

Despite the urgent need to cut emissions to slow climate change, the researchers say there is still "no sign" that the world has reached a peak in fossil CO2 emissions.

With projected emissions from land-use change (such as deforestation) of 4.2 billion tonnes, total CO2 emissions are projected to be 41.6 billion tonnes in 2024, up from 40.6 billion tonnes last year.

Over the last 10 years, fossil CO2 emissions have risen while land-use change CO2 emissions have declined on average -- leaving overall emissions roughly level over that period.

This year, both fossil and land-use change CO2 emissions are set to rise, with drought conditions exacerbating emissions from deforestation and forest degradation fires during the El Nino climate event of 2023-2024.

With over 40 billion tonnes released each year at present, the level of CO2 in the atmosphere continues to rise -- driving increasingly dangerous global warming.




The research team included the University of Exeter, the University of East Anglia (UEA), CICERO Center for International Climate Research, Ludwig-Maximilian-University Munich, Alfred-Wegener-Institut and 80 other institutions around the world.

"The impacts of climate change are becoming increasingly dramatic, yet we still see no sign that burning of fossil fuels has peaked," said Professor Pierre Friedlingstein, of Exeter's Global Systems Institute, who led the study.

"Time is running out to meet the Paris Agreement goals -- and world leaders meeting at COP29 must bring about rapid and deep cuts to fossil fuel emissions to give us a chance of staying well below 2degC warming above pre-industrial levels."

Professor Corinne Le Quere, Royal Society Research Professor at UEA's School of Environmental Sciences, said: "Despite another rise in global emissions this year, the latest data shows evidence of widespread climate action, with the growing penetration of renewables and electric cars displacing fossil fuels, and decreasing deforestation emissions in the past decades confirmed for the first time."

Dr Glen Peters, of the CICERO Center for International Climate Research in Oslo, said: "There are many signs of positive progress at the country level, and a feeling that a peak in global fossil CO2 emissions is imminent, but the global peak remains elusive.

"Climate action is a collective problem, and while gradual emission reductions are occurring in some countries, increases continue in others.




"Progress in all countries needs to accelerate fast enough to put global emissions on a downward trajectory towards net zero."

Professor Friedlingstein added: "Until we reach net zero CO2 emissions globally, world temperatures will continue to rise and cause increasingly severe impacts."

Other key findings from the 2024 Global Carbon Budget include:
    	Globally, emissions from different fossil fuels in 2024 are projected to increase: coal (0.2%), oil (0.9%), gas (2.4%). These contribute 41%, 32% and 21% of global fossil CO2 emissions respectively. Given the uncertainty in the projections, it remains possible that coal emissions could decline in 2024.
    	China's emissions (32% of the global total) are projected to marginally increase by 0.2%, although the projected range includes a possible decrease in emissions.
    	US emissions (13% of the global total) are projected to decrease by 0.6%.
    	India's emissions (8% of the global total) are projected to increase by 4.6%.
    	European Union emissions (7% of the global total) are projected to decrease by 3.8%.
    	Emissions in the rest of the world (38% of the global total) are projected to increase by 1.1%.
    	International aviation and shipping (3% of the global total, and counted separately from national/regional totals) are projected to increase by 7.8% in 2024, but remain below their 2019 pre-pandemic level by 3.5%.
    	Globally, emissions from land-use change (such as deforestation) have decreased by 20% in the past decade, but are set to rise in 2024.
    	Permanent CO2 removal through reforestation and afforestation (new forests) is offsetting about half of the permanent deforestation emissions.
    	Current levels of technology-based Carbon Dioxide Removal (excluding nature-based means such as reforestation) only account for about one-millionth of the CO2 emitted from fossil fuels.
    	Atmospheric CO2 levels are set to reach 422.5 parts per million in 2024, 2.8 parts per million above 2023, and 52% above pre-industrial levels.
    	The effects of the temporary El Nino climate event also led to a reduction in carbon absorption by ecosystems on land (known as the land CO2 "sink") in 2023, which is projected to recover as El Nino ended by the second quarter of 2024.
    	Emissions from fires in 2024 have been above the average since the beginning of the satellite record in 2003, particularly due to the extreme 2023 wildfire season in Canada (which persisted in 2024) and intense drought in Brazil.
    	The land and ocean CO2 sinks combined continued to take up around half of the total CO2 emissions, despite being negatively impacted by climate change.

How long until we pass 1.5degC of global warming? 

This study estimates the remaining "carbon budget" before the 1.5degC target is breached consistently over multiple years, not just for a single year. At the current rate of emissions, the Global Carbon Budget team estimates a 50% chance global warming will exceed 1.5degC consistently in about six years. This estimate is subject to large uncertainties, primarily due to the uncertainty of the additional warming coming from non-CO2 agents (e.g., CH4, N2O, aerosols). However, it's clear that the remaining carbon budget -- and therefore the time left to meet the 1.5degC target and avoid the worst impacts of climate change -- has almost run out.

The Global Carbon Budget report, produced by an international team of more than 120 scientists, provides an annual, peer-reviewed update, building on established methodologies in a fully transparent manner. The 2024 edition (the 19th annual report) will be published in the journal Earth System Science Data on November 13 as a pre-print, and later as a peer-reviewed paper.
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Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging | ScienceDaily
Bioluminescence is the natural chemical process of light creation in some living creatures that makes fireflies flicker and some jellyfish glow. Scientists have long been interested in borrowing the secrets of these animals' light-producing genes to create similar effects in vertebrates, for a variety of biomedical applications.


						
UC Santa Cruz Assistant Professor of Biomolecular Engineering Andy Yeh is designing completely artificial proteins that produce bioluminescence to serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more. A new paper published in the flagship journal Chem reports on a new series of bioluminescent proteins designed by Yeh and his group, which are small, efficient, highly stable, and can produce multiple colors of light for real-time imaging in cellular and animal models.

This field of designing proteins that are not found in nature, called "de novo protein design," recently won a group of scientists the 2024 Nobel Prize in Chemistry, including David Baker, Yeh's post-doctoral advisor. The proteins described in this paper were created using deep learning protein design softwares developed by Baker's group, as well as protein structure prediction methods produced by DeepMind, whose founder also shared the Nobel Prize.

"We call this de novo protein design, because these proteins are computationally designed from scratch -- it's not found in nature and not even in the evolutionary trajectory. We demonstrated the use of the recently awarded Nobel Prize concept to build up new light-emitting enzymes, which serve as optical-based probes for biological studies," Yeh said.

Better imaging probes beyond fluorescence

Many researchers and clinicians use fluorescence imaging techniques to understand disease, aid in drug discovery, and more. Fluorescence probes require external excitation light to shine. When external light shines on a tissue, every cell responds, creating a lot of background light that makes it harder to distinguish whatever the researcher or clinician is looking for.

Bioluminescent imaging is different in that it is "excitation-free" -- the whole light emission process occurs on a chemical reaction level. Bioluminescence creates no background light response, making it much more effective for imaging features that may be deep within a tissue, like a tumor.




This paper shows that the researchers' light-emitting proteins work at the level of molecules, cells, and in a whole animal, making it more generalizable for different kinds of scientific research. It is especially suitable for non-invasive in vivo imaging because it can reveal information about biological processes deep within a tissue in real time without having to remove a sample from the body.

Visualizing multiple biological events

These specially designed proteins are "orthogonal," with their reaction center highly tailored to the shape of the designed light-emitting molecule. This means that the designer enzyme does not react with other similar molecules that a researcher or clinician may be using at the same time.

"The designed reaction is very specific, so it can be used in combination with existing light-emitting enzymes, because the enzyme recognizes a different molecule," Yeh said. "People already use light-emitting enzymes found in nature for a lot of biological research, and we are not reinventing the wheel. We are creating additional toolkits that work better and can be used in combination with the bioluminescence tools that the scientific community is familiar with."

Yeh and his team also developed a method to shift the color of the light emitted by the proteins. Typically, these enzymes shine blue light, but through an efficient energy transfer process, the researchers made it possible to emit green, yellow, orange, and red light. This would allow a researcher or clinician to monitor various different biological features, called "multiplexing," which is important for studying complex processes such as cancer development.

The new age of de novo protein design

De novo proteins are highly thermostable, meaning that they will not unfold at high temperatures, unlike other naturally occurring bioluminescent enzymes. A highly stable protein would be much easier to use for point-of-care diagnostics, as it would reduce the need for specialized shipping at low temperatures.

"We have now produced light-emitting enzymes with ideal protein folding that nature does not always need to optimize during evolution," Yeh said. "This is the first instance in which we demonstrated that artificial light-emitting enzymes can produce enough photons in vertebrate animals for bioimaging. The computational protein design methods are becoming better and better, and so will the enzymes we design. I believe it is very true what David Baker said: this is just the beginning of de novo protein design."
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Earliest ancient Maya salt works excavated | ScienceDaily
A team of archaeologists from LSU and the University of Texas at Tyler have excavated the earliest known ancient Maya salt works in southern Belize, as reported in the journal Antiquity. The team was led by LSU Alumni Professor Heather McKillop, who first discovered wooden buildings preserved there below the sea floor, along with associated artifacts, and the only ancient Maya wooden canoe paddle in 2004.


						
Her key collaborator, Assistant Professor Elizabeth Sills at the University of Texas at Tyler, began working with McKillop as a master's student and then as a doctoral student at LSU.

Since their initial discovery of wood below the sea floor in Belize, the team has uncovered an extensive pattern of sites that include "salt kitchens" for boiling seawater in pots over a fire to make salt, residences for salt workers, and the remains of other pole and thatch buildings.

All were remarkably well preserved in red mangrove peat in shallow coastal lagoons. Since 2004, the LSU research team has mapped as many as 70 underwater sites, with 4,042 wooden posts marking the outlines of ancient buildings.

In 2023, the team returned to Belize to excavate a site called Jay-yi Nah, which curiously lacked the broken pots so common at other salt works, while a few pottery sherds were found.

"These resembled sherds from the nearby island site of Wild Cane Cay, which I had previously excavated," McKillop said. "So, I suggested to Sills that we survey Jay-yi Nah again for posts and sea floor artifacts."

After their excavations, McKillop stayed in a nearby town to study the artifacts from Jay-yi Nah. As reported in Antiquity, the materials they found contrasted with those from other nearby underwater sites, which had imported pottery, obsidian, and high-quality chert, or flint.

"At first, this was perplexing," McKillop said. "But a radiocarbon date on a post we'd found at Jay-yi Na provided an Early Classic date, 250-600 AD, and solved the mystery."

Jay-yi Nah turned out to be much older than the other underwater sites. Through their findings, the researchers learned Jay-yi Nah had developed as a local enterprise, without the outside trade connections that developed later during the Late Classic period (AD 650-800), when the inland Maya population reached its peak with a high demand for salt -- a basic biological necessity in short supply in the inland cities.

Jay-yi Nah had started as a small salt-making site, with ties to the nearby community on Wild Cane Cay that also made salt during the Early Classic period. Abundant fish bones preserved in anaerobic deposits at Wild Cane Cay suggest some salt was made there for salting fish for later consumption or trade.
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In step forward for quantum computing hardware, physicist uncovers novel behavior in quantum-driven superconductors | ScienceDaily
A new study has uncovered important behavior in the flow of electric current through superconductors, potentially advancing the development of future technologies for controlled quantum information processing.


						
The study is co-authored by Babak Seradjeh, Professor of Physics within the College of Arts and Sciences at Indiana University Bloomington, with theoretical physicists Rekha Kumari and Arijit Kundu of the Indian institute of Technology Kanpur. While the study is theoretical, the research team confirmed their results through numerical simulations. Published in Physical Review Letters, the world's premier physics journal, the research focuses on "Floquet Majorana fermions" and their role in a phenomenon called the Josephson effect, which could lead to more precise control of the dynamics of driven quantum systems.

Potentially advancing quantum computing

Developing a full-fledge quantum computer is hampered by a core issue: instability. This instability is mainly due to something called "quantum decoherence," wherein quantum bits, known as "qubits," lose their delicate quantum state due to interference from their environment -- such as temperature fluctuations or electromagnetic noise.

Qubits can be made using different physical systems, such as trapped ions, optical arrays, or superconductors -- materials that can conduct electricity with zero resistance without losing any energy, often at extremely low temperatures close to absolute zero. This makes quantum computers incredibly energy-intensive to keep cold, and thus stable, because when qubits aren't kept cold enough they become even more unstable, which means errors happen by larger amounts and more frequently.

One way to counter such errors is to look for "room-temperature superconductors," often referred to as the Holy Grail of superconductivity, because the cooling process is so costly and complex. If scientists could develop materials that exhibit superconductivity close to room temperature (approximately 20-25 degrees Celsius or 68-77 degrees Fahrenheit), it could revolutionize technology as we know it, eventually leading to lossless power transmission, exponentially faster and more energy-efficient electronics, and advanced cryptosecurity.

Professor Seradjeh and colleagues address the issue of decoherence in a different way -- by encoding the quantum information non-locally so that it is spread over a larger distance in space, and therefore making it immune to local noise and fluctuations.




What makes "Floquet Majorana Fermions" special for quantum computing?

Majorana fermions are named after Ettore Majorana, the Italian physicist who first proposed their existence in 1937 as subatomic particles that behave in unique ways; unlike most particles, Majorana fermions are their own antiparticles. (For every type of particle in the universe -- such as electrons and protons -- there exists a corresponding antiparticle with opposite charge and the same mass, and this symmetry between particles and antiparticles is a fundamental part of the structure of the universe.)

The mathematical physicist Alexei Kitaev realized in 2000 that Majorana fermions can exist not only as elementary particles, but also as quantum excitations in certain materials known as topological superconductors. These differ from regular superconductors in that a topological superconductor has unique, stable quantum states on its surface or edges that are protected by the material's underlying topology -- the way the electrons' motion is shaped at the quantum level.

These surface states make them resistant to disruptions, which is why they hold potential for developing more stable quantum computers. These special edge states behave just as Majorana fermions, which don't exist in regular superconductors. In theory, such Majorana fermions can be used to store quantum information nonlocally, thus providing a way to protect qubits from decoherence.

Professor Seradjeh and colleagues explored Majorana fermions in a specific context: superconductors that are "periodically driven," meaning, they are exposed to external energy sources that cycle on and off in a repeated pattern. This periodic driving alters the behavior of the Majorana fermions, transforming them into "Floquet Majorana fermions" (FMFs). Floquet Majorana fermions can exist in distinct states not possible without the periodic drive, changing based on their interaction with the cycling energy source. The periodic driving of the superconductor is key to maintaining the FMFs and the unusual patterns they create.

To produce an electric current in normal conductors between two points one needs to apply a voltage, which acts as the pressure that pushes electricity between two points. But because of a peculiar quantum tunneling process known as the "Josephson effect" current can flow between two superconductors without the need for an applied voltage. The FMFs influence this Josephson current in unique ways. In most systems, the current between two superconductors repeats itself at regular intervals. However, FMFs manifest themselves in a pattern of current that oscillates at half the normal rate, creating a unique signature that can help in their detection.

Tuning the current with new techniques

One of the key findings revealed by Seradjeh and colleagues' study is that the strength of the Josephson current -- the amount of electrical flow -- can be tuned using the "chemical potential" of the superconductors. Simply stated, the chemical potential acts as a dial that adjusts the properties of the material, and the researchers found that it could be modified by synching with the frequency of the external energy source driving the system. This could provide scientists a new level of control over quantum materials and opens up possibilities for applications in quantum information processing, where precise manipulation of quantum states is critical.

The discovery that Floquet Majorana fermions have unique properties that can be controlled through external drives could help pave the way for building quantum computers that are faster and more resistant to errors. These findings provide researchers worldwide with a roadmap for detecting and exploring new, controllable properties in driven quantum systems.
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Lab-grown human immune system uncovers weakened response in cancer patients | ScienceDaily
To better understand why some cancer patients struggle to fight off infections, Georgia Tech researchers have created tiny lab-grown models of human immune systems.


						
These miniature models -- known as human immune organoids -- mimic the real-life environment where immune cells learn to recognize and attack harmful invaders and respond to vaccines. Not only are these organoids powerful new tools for studying and observing immune function in cancer, their use is likely to accelerate vaccine development, better predict disease treatment response for patients, and even speed up clinical trials.

"Our synthetic hydrogels create a breakthrough environment for human immune organoids, allowing us to model antibody production from scratch, more precisely, and for a longer duration," said Ankur Singh, Carl Ring Family Professor in the George W. Woodruff School of Mechanical Engineering and professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory.

"For the first time, we can recreate and sustain complex immunological processes in a synthetic gel, using blood, and effectively track B cell responses," he added. "This is a gamechanger for understanding and treating immune vulnerabilities in patients with lymphoma who have undergone cancer treatment -- and hopefully other disorders too."

Led by Singh, the team created lab-grown immune systems that mimic human tonsils and lymph node tissue to study immune responses more accurately. Their research findings, published in the journal Nature Materials, mark a shift toward in vitro models that more closely represent human immunology. The team also included investigators from Emory University, Children's Hospital of Atlanta, and Vanderbilt University.

Designing a Tiny Immune System Model

The researchers were inspired to address a critical issue in biomedical science: the poor success rate of translating preclinical findings from animal models into effective clinical outcomes, especially in the context of immunity, infection, and vaccine responses.




"While animal models are valuable for many types of research, they often fail to accurately mirror realistic human immune biology, disease mechanisms, and treatment responses," said Monica (Zhe) Zhong, a Bioengineering Ph.D. student and the paper's first author. "To address this, we designed a new model that faithfully replicates the unique complexity of human immune biology across molecular, cellular, tissue, and system levels."

The team used synthetic hydrogels to recreate a microenvironment where B cells from human blood and tonsils can mature and produce antibodies. When immune cells from healthy donors or lymphoma patients are cultured in these gel-like environments, the organoids support longer cell function, allowing processes like antibody formation and adaptation to occur -- similar to the human body. Utilizing the organoids for individual patients helps predict how that individual will respond to infection.

The models also enable researchers to control and test immune responses under various conditions. The team discovered that not all tissue sources are the same, and tonsil cells struggled with longevity issues. They used a specialized setup to study how healthy immune cells react to signals that help them fight infections, which failed to trigger the same response in cells from lymphoma survivors who seemingly have recovered from immunotherapy treatment.

Using organoids embedded in a novel immune organ-on-chip technology, the team observed that immune cells from lymphoma survivors treated with certain immunotherapies do not organize themselves into specific "zones," the way they normally would in a strong immune response. This lack of organization may help explain some immune challenges cancer survivors face, as evidenced by recent clinical findings.

A Game-Changing Technology

This research is primarily of interest to infectious disease researchers, cancer researchers, immunologists, and healthcare professionals dedicated to improving patient outcomes. By studying these miniature immune systems, they can identify why current treatments may not be effective and explore new strategies to enhance immune defenses.




"Lymphoma patients treated with CD20-targeted therapies often face increased susceptibility to infections that can persist years after completing therapy.Understanding these long-term impacts on antibody responses could be key to improving both safety and quality of life for lymphoma survivors," said Dr. Jean Koff, associate professor in the department of Hematology and Oncology at Emory University's Winship Cancer Institute and a co-author on the paper.

"This technology provides deeper biological insights and an innovative way to monitor for recovery of immunological defects over time. It could help clinicians better identify patients who would benefit from specific interventions that reduce infection risk," Koff added.

Another critical and promising aspect of the research is its scalability: An individual researcher can make hundreds of organoids in a single sitting. The model's capability to target different populations -- both healthy and immunosuppressed patients -- vastly increases its usability for vaccine and therapeutic testing.

According to Singh, who directs the Center for Immunoengineering at Georgia Tech, the team is already pushing the research into new dimensions, including developing cellular therapies and an aged immune system model to address aging-related questions.

"At the end of the day, this work most immediately affects cancer patients and survivors, who often struggle with weakened immune responses and may not respond well to standard treatments like vaccines," Singh explained. "This breakthrough could lead to new ways of boosting immune defenses, ultimately helping vulnerable patients stay healthier and recover more fully."

The work was initially funded by the Wellcome Leap HOPE program. This support has led to a boost in recent funding, including a recent $7.5M grant from the National Institute of Allergy and Infectious Diseases.
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A formula for life? New model calculates chances of intelligent beings in our Universe and beyond | ScienceDaily
The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation.


						
This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilisations in our Milky Way galaxy.

More than 60 years on, astrophysicists led by Durham University have produced a different model which instead focuses on the conditions created by the acceleration of the Universe's expansion and the amount of stars formed.

It is thought this expansion is being driven by a mysterious force called dark energy that makes up more than two thirds of the Universe.

What is the calculation?

Since stars are a precondition for the emergence of life as we know it, the model could therefore be used to estimate the probability of generating intelligent life in our Universe, and in a multiverse scenario of hypothetical different universes.

The new research does not attempt to calculate the absolute number of observers (i.e. intelligent life) in the universe but instead considers the relative probability of a randomly chosen observer inhabiting a universe with particular properties.




It concludes that a typical observer would expect to experience a substantially larger density of dark energy than is seen in our own Universe -- suggesting the ingredients it possesses make it a rare and unusual case in the multiverse.

The approach presented in the paper involves calculating the fraction of ordinary matter converted into stars over the entire history of the Universe, for different dark energy densities.

The model predicts this fraction would be approximately 27 per cent in a universe that is most efficient at forming stars, compared to 23 per cent in our own Universe.

This means we don't live in the hypothetical universe with the highest odds of forming intelligent life forms. Or in other words, the value of dark energy density we observe in our Universe is not the one that would maximise the chances of life, according to the model.

Dark energy's impact on our existence

Lead researcher Dr Daniele Sorini, of Durham University's Institute for Computational Cosmology, said: "Understanding dark energy and the impact on our Universe is one of the biggest challenges in cosmology and fundamental physics.




"The parameters that govern our Universe, including the density of dark energy, could explain our own existence.

"Surprisingly, though, we found that even a significantly higher dark energy density would still be compatible with life, suggesting we may not live in the most likely of universes."

The new model could allow scientists to understand the effects of differing densities of dark energy on the formation of structures in the Universe and the conditions for life to develop in the cosmos.

Dark energy makes the Universe expand faster, balancing gravity's pull and creating a universe where both expansion and structure formation are possible.

However, for life to develop, there would need to be regions where matter can clump together to form stars and planets, and it would need to remain stable for billions of years to allow life to evolve.

Crucially, the research suggests that the astrophysics of star formation and the evolution of the large-scale structure of the Universe combine in a subtle way to determine the optimal value of the dark energy density needed for the generation of intelligent life.

Professor Lucas Lombriser, Universite de Geneve and co-author of the study, added: "It will be exciting to employ the model to explore the emergence of life across different universes and see whether some fundamental questions we ask ourselves about our own Universe must be reinterpreted."

Drake Equation explained

Dr Drake's equation was more of a guide for scientists on how to go about searching for life, rather than an estimating tool or serious attempt to determine an accurate result.

Its parameters included the rate of yearly star formation in the Milky Way, the fraction of stars with planets orbiting them and the number of worlds that could potentially support life.

By comparison, the new model connects the rate of yearly star formation in the Universe with its fundamental ingredients, such as the aforementioned dark energy density.

The study was funded by the European Research Council and also involved scientists at the University of Edinburgh and the Universite de Geneve.
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Experts urge complex systems approach to assess artificial intelligence risks | ScienceDaily
With artificial intelligence increasingly permeating every aspect of our lives, experts are becoming more and more concerned about its dangers. In some cases, the risks are pressing, in others they won't emerge until many months or even years from now. Scientists point out in The Royal Society's journal that a coherent approach to understanding these threats is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between A.I. and society.


						
"Understanding the risks of A.I. requires recognizing the intricate interplay between technology and society. It's about navigating the complex, co-evolving systems that shape our decisions and behaviors," says Fariba Karimi, co-author of the article. Karimi leads the research team on Algorithmic Fairness at the Complexity Science Hub (CSH) and is professor of Social Data Science at TU Graz.

"We should not only discuss what technologies to deploy and how, but also how to adapt the social context to capitalize on positive possibilities. A.I. possibilities and risks should likely be taken into account in debates about, for instance, economic policy," adds CSH scientist Daniel Kondor, first author of the study.

Broader and Long-Term Risks

Current risk assessment frameworks often focus on immediate, specific harms, such as bias and safety concerns, according to the authors of the article published in Philosophical Transactions A. "These frameworks often overlook broader, long-term systemic risks that could emerge from the widespread deployment of A.I. technologies and their interaction with the social context they are used," says Kondor.

"In this paper, we tried to balance the short-term perspectives on algorithms with long-term views of how these technologies affect society. It's about making sense of both the immediate and systemic consequences of A.I.," adds Kondor.

What Happens in Real Life

As a case study to illustrate the potential risks of A.I. technologies, the scientists discuss how a predictive algorithm was used during the Covid-19 pandemic in the UK for school exams. The new solution was "presumed to be more objective and thus fairer [than asking teachers to predict their students' performance], relying on a statistical analysis of students' performance in previous years," according to the study.




However, when the algorithm was put into practice, several issues emerged. "Once the grading algorithm was applied, inequities became glaringly obvious," observes Valerie Hafez, an independent researcher and study co-author. "Pupils from disadvantaged communities bore the brunt of the futile effort to counter grading inflation, but even overall, 40% of students received lower marks than they would have reasonably expected."

Hafez reports that many responses in the consultation report indicate that the risk perceived as significant by teachers -- the long-term effect of grading lower than deserved -- was different from the risk perceived by the designers of the algorithm. The latter were concerned about grade inflation, the resulting pressure on higher education, and a lack of trust in students' actual abilities.

The Scale and the Scope

This case demonstrates several important issues that arise when deploying large-scale algorithmic solutions, emphasize the scientists. "One thing we believe one should be attentive to is the scale -- and scope -- because algorithms scale: they travel well from one context to the next, even though these contexts may be vastly different. The original context of creation does not simply disappear, rather it is superimposed on all these other contexts," explains Hafez.

"Long-term risks are not the linear combination of short-term risks. They can escalate exponentially over time. However, with computational models and simulations, we can provide practical insights to better assess these dynamic risks," adds Karimi.

Computational Models -- and Public Participation

This is one of the directions proposed by the scientists for understanding and evaluating risk associated with A.I. technologies, both in the short- and long-term. "Computational models -- like those assessing the effect of A.I. on minority representation in social networks -- can demonstrate how biases in A.I. systems lead to feedback loops that reinforce societal inequalities," explains Kondor. Such models can be used to simulate potential risks, offering insights that are difficult to glean from traditional assessment methods.




In addition, the study's authors emphasize the importance of involving laypeople and experts from various fields in the risk assessment process. Competency groups -- small, heterogeneous teams that bring together varied perspectives -- can be a key tool for fostering democratic participation and ensuring that risk assessments are informed by those most affected by AI technologies.

"A more general issue is the promotion of social resilience, which will help A.I.-related debates and decision-making function better and avoid pitfalls. In turn, social resilience may depend on many questions unrelated (or at least not directly related) to artificial intelligence," ponders Kondor. Increasing participatory forms of decision-making can be one important component of raising resilience.

"I think that once you begin to see A.I. systems as sociotechnical, you cannot separate the people affected by the A.I. systems from the 'technical' aspects. Separating them from the A.I. system takes away their possibility to shape the infrastructures of classification imposed on them, denying affected persons the power to share in creating worlds attenuated to their needs," says Hafez, who's an A.I. policy officer at the Austrian Federal Chancellery.

About the Study

The study "Complex systems perspective in assessing risks in A.I.," by Daniel Kondor, Valerie Hafez, Sudhang Shankar, Rania Wazir, and Fariba Karimi was published in Philosophical Transactions A and is available online.
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.
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Giving robots superhuman vision using radio signals | ScienceDaily
In the race to develop robust perception systems for robots, one persistent challenge has been operating in bad weather and harsh conditions. For example, traditional, light-based vision sensors such as cameras or LiDAR (Light Detection And Ranging) fail in heavy smoke and fog.


						
However, nature has shown that vision doesn't have to be constrained by light's limitations -- many organisms have evolved ways to perceive their environment without relying on light. Bats navigate using the echoes of sound waves, while sharks hunt by sensing electrical fields from their prey's movements.

Radio waves, whose wavelengths are orders of magnitude longer than light waves, can better penetrate smoke and fog, and can even see through certain materials -- all capabilities beyond human vision. Yet robots have traditionally relied on a limited toolbox: they either use cameras and LiDAR, which provide detailed images but fail in challenging conditions, or traditional radar, which can see through walls and other occlusions but produces crude, low-resolution images.

Now, researchers from the University of Pennsylvania School of Engineering and Applied Science (Penn Engineering) have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

"Our initial question was whether we could combine the best of both sensing modalities," says Mingmin Zhao, Assistant Professor in Computer and Information Science. "The robustness of radio signals, which is resilient to fog and other challenging conditions, and the high resolution of visual sensors."

In a paper to be presented at the 2024 International Conference on Mobile Computing and Networking (MobiCom), Zhao and his team from the Wireless, Audio, Vision, and Electronics for Sensing (WAVES) Lab and the Penn Research In Embedded Computing and Integrated Systems Engineering (PRECISE) Center, including doctoral student Haowen Lai, recent master's graduate Gaoxiang Luo and undergraduate research assistant Yifei (Freddy) Liu, describe how PanoRadar leverages radio waves and artificial intelligence (AI) to let robots navigate even the most challenging environments, like smoke-filled buildings or foggy roads.

PanoRadar is a sensor that operates like a lighthouse that sweeps its beam in a circle to scan the entire horizon. The system consists of a rotating vertical array of antennas that scans its surroundings. As they rotate, these antennas send out radio waves and listen for their reflections from the environment, much like how a lighthouse's beam reveals the presence of ships and coastal features.




Thanks to the power of AI, PanoRadar goes beyond this simple scanning strategy. Unlike a lighthouse that simply illuminates different areas as it rotates, PanoRadar cleverly combines measurements from all rotation angles to enhance its imaging resolution. While the sensor itself is only a fraction of the cost of typically expensive LiDAR systems, this rotation strategy creates a dense array of virtual measurement points, which allows PanoRadar to achieve imaging resolution comparable to LiDAR. "The key innovation is in how we process these radio wave measurements," explains Zhao. "Our signal processing and machine learning algorithms are able to extract rich 3D information from the environment."

One of the biggest challenges Zhao's team faced was developing algorithms to maintain high-resolution imaging while the robot moves. "To achieve LiDAR-comparable resolution with radio signals, we needed to combine measurements from many different positions with sub-millimeter accuracy," explains Lai, the lead author of the paper. "This becomes particularly challenging when the robot is moving, as even small motion errors can significantly impact the imaging quality."

Another challenge the team tackled was teaching their system to understand what it sees. "Indoor environments have consistent patterns and geometries," says Luo. "We leveraged these patterns to help our AI system interpret the radar signals, similar to how humans learn to make sense of what they see." During the training process, the machine learning model relied on LiDAR data to check its understanding against reality and was able to continue to improve itself.

"Our field tests across different buildings showed how radio sensing can excel where traditional sensors struggle," says Liu. "The system maintains precise tracking through smoke and can even map spaces with glass walls." This is because radio waves aren't easily blocked by airborne particles, and the system can even "capture" things that LiDAR can't, like glass surfaces. PanoRadar's high resolution also means it can accurately detect people, a critical feature for applications like autonomous vehicles and rescue missions in hazardous environments.

Looking ahead, the team plans to explore how PanoRadar could work alongside other sensing technologies like cameras and LiDAR, creating more robust, multi-modal perception systems for robots. The team is also expanding their tests to include various robotic platforms and autonomous vehicles. "For high-stakes tasks, having multiple ways of sensing the environment is crucial," says Zhao. "Each sensor has its strengths and weaknesses, and by combining them intelligently, we can create robots that are better equipped to handle real-world challenges."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by a faculty startup fund.
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In unity towards complex structures | ScienceDaily
When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers at the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.


						
Filamentous cyanobacteria aggregate in areas with favorable light conditions and use the light energy for photosynthesis. Typically, these microorganisms form long filaments consisting of many cells. However, the thread-like structures can only move forward or backward -- when leaving the illuminated area, they reverse their movement and thus remain in the light. Scientists at MPI-DS have investigated the resulting organizational structures. It was found that only the mutual interaction of several filaments causes the cyanobacteria to align themselves along the inner edge of the illuminated surface, thereby forming stable structures.

To do this, the researchers prepared and illuminated several cultures of cyanobacteria in Petri dishes. Using slides, they created different light patterns and subsequently observed the self-organization of the bacteria. With a circular light pattern, the bacteria mainly gathered at the edge of the illuminated area. Likewise, when the illuminated area was triangular, trapezoidal or otherwise shaped, characteristic patterns of filaments near the edge of the light emerged. "The remarkable thing is that the bacteria also arrange themselves along complex structures and curves, although they can only move back and forth," says Stefan Karpitschka, group leader at MPI-DS and professor at the University of Konstanz. "This is a typical example of emergence -- a characteristic overall structure arises independently at a higher level from the individual behavior of a single filament," he continues.

The insights gained from the scientists' experiments and the resulting model can also be applied to living matter with comparable morphology. "The model does not include any specific details regarding the biology of the bacteria," says Leila Abbaspour, joint first author of the study together with Maximilian Kurjahn. "This collective effect can thus also be observed in similar systems and enable active filaments to structure themselves according to sensory cues from their environment despite one-dimensional motility," Kurjahn continues.

The results of this study therefore provide important insights that may be used in the design of so-called smart textiles or materials, for example. These novel structures and tissues are also based on the arrangement of individual fibers and active filaments. Such mechanisms of self-assembly may thus enable the development of new innovative materials.
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Blood vessel-like coating could make medical devices safer for patients | ScienceDaily
University of B.C. researchers have developed a groundbreaking coating that could make medical devices safer for millions of patients, reducing the risks associated with blood clots and dangerous bleeding.


						
The new material, designed to mimic the natural behavior of blood vessels, could allow for safer use of blood-contacting devices like catheters, stents, blood-oxygenation machines and dialysis machines -- especially in cases where blood clots are a significant concern.

"This discovery could be a transformative step in the development of safer medical devices," said Dr. Jayachandran Kizhakkedathu, a professor of pathology and laboratory medicine and Tier 1 Canada Research Chair in Immunomodulation Materials and Immunotherapy who led the study out of the Center for Blood Research at UBC. "By designing a coating that mimics the body's natural approach to preventing clots, we've created a solution that could dramatically reduce the need for risky blood thinners before and after patients use these devices."

Thrombosis, or clot formation, is a major challenge when blood-contacting devices are used. Unlike natural blood vessels, these devices can trigger clotting by activating specific proteins in the blood. Blood clots can obstruct the device, disrupting treatment, or lead to severe complications such as stroke and heart attack.

Doctors often prescribe high doses of blood thinners to prevent clots on these devices, but this approach increases the risk of dangerous bleeding -- a trade-off that many patients and clinicians would rather avoid.

The newly developed coating offers a promising alternative. It's engineered to imitate how blood vessels function -- encouraging normal blood flow without triggering clot formation. Imagine the coating as a "soft barrier" on a device that attracts a key blood protein but keeps it from activating the clotting process.

"By interacting with this protein in a controlled way, the coating prevents it from sparking a cascade of events that lead to clot formation," said Dr. Haifeng Ji, a Michael Smith Health Research BC postdoctoral fellow at the Center for Blood Research and first author of the study.




In lab and animal studies, the coating demonstrated significant reductions in clot formation on device surfaces, without the use of blood thinners and without affecting the normal clotting functions elsewhere in the body.

"One of the most surprising insights was that controlling the interaction between the coating and specific blood proteins could prevent clotting without disrupting the body's natural balance," Dr. Kizhakkedathu said. "This shows us that mimicking the body's own mechanisms, rather than simply repelling blood components, is key to truly biocompatible device design."

The innovation comes as demand for blood-contacting devices continues to rise. In the U.S. alone, millions of vascular catheters are placed each year, and hundreds of thousands of patients depend on devices like dialysis machines to maintain their health.

Looking ahead, the research team plans to explore how this innovative coating could be further optimized and applied to a broader range of blood-contacting devices. Key questions remain about how the coating interacts with other blood proteins and cells, and whether the coating interacts with coagulation proteins through single-layer or multi-layer designs.

Additionally, the team is interested in understanding whether this approach could eventually be adapted to address other blood-related complications, such as inflammation or infection, in long-term medical implants.

By delving deeper into the biological mechanisms that make this coating so effective, future studies could pave the way for a new generation of medical devices that not only prevent clotting but integrate seamlessly with the body's natural processes.
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Breakthrough in photonic time crystals could change how we use and control light | ScienceDaily
An international research team has for the first time designed realistic photonic time crystals -- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.


						
"This work could lead to the first experimental realization of photonic time crystals, propelling them into practical applications and potentially transforming industries. From high-efficiency light amplifiers and advanced sensors to innovative laser technologies, this research challenges the boundaries of how we can control the light-matter interaction," says Assistant Professor Viktar Asadchy from Aalto University, Finland.

Photonic time crystals represent a unique class of optical materials. Unlike traditional crystals, which have spatially repeating structures, photonic time crystals remain uniform in space but exhibit a periodic oscillation in time. This distinctive quality creates "momentum band gaps," or unusual states where light pauses inside the crystal while its intensity grows exponentially over time. To grasp the peculiarity of light's interaction within a photonic time crystal, imagine light traversing a medium that switches between air and water quadrillions of times per second -- a remarkable phenomenon that challenges our conventional understanding of optics.

One potential application for the photonic time crystals is in nanosensing.

"Imagine we want to detect the presence of a small particle, such as a virus, pollutant, or biomarker for diseases like cancer. When excited, the particle would emit a tiny amount of light at a specific wavelength. A photonic time crystal can capture this light and automatically amplify it, enabling more efficient detection with existing equipment," says Asadchy.

Creating photonic time crystals for visible light has long been challenging due to the need for extremely rapid yet simultaneously large-amplitude variation of material properties. To date, the most advanced experimental demonstration of photonic time crystals -- developed by members of the same research team -- has been limited to much lower frequencies, such as microwaves. In their latest work, the team proposes, through theoretical models and electromagnetic simulations, the first practical approach to achieving "truly optical" photonic time crystals. By using an array of tiny silicon spheres, they predict that the special conditions needed to amplify light that were previously out of reach can finally be achieved in the lab using known optical techniques.

The team consisted of researchers from Aalto University, University of Eastern Finland, Karlsruhe Institute of Technology and Harbin Engineering University. The research was published in Nature Photonics on 12 November (10AM GMT).
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Researchers develop nanofiber patch for treatment of psoriasis | ScienceDaily
Researchers at the University of Copenhagen have developed a patch for easier and more effective treatment of psoriasis. The method may also be used in treatment of other inflammatory skin diseases.


						
Four to five per cent of the Danish population has psoriasis, which is one of the most common skin conditions in the world. The inflammatory disease is characterised by a red rash with white scales, which may vary in form, size and severity.

Today, there are several treatment options for psoriasis patients. Creams and ointments are among the most common. The problem is that the cream must be applied several times a day and leaves the skin feeling greasy, and therefore, some patients often fail to use it consistently, which is vital for treatment success.

Now researchers at the University of Copenhagen have produced a prototype for a patch that may help solve this problem.

"We have developed a dry patch, which contains active ingredients for treatment of psoriasis, and which reduces the frequency of use to once a day. It has the potential to make treatment more comfortable for psoriasis patients," says Associate Professor Andrea Heinz from the Department of Pharmacy, who is the corresponding author on a series of articles exploring the patch's ability to treat psoriasis.

One patch serving several functions

The patch is designed to contain two active ingredients at once and release them onto the skin at different rates.




"It is really clever, because treatment of psoriasis often requires more than one product. The two ingredients are released in a controlled manner and at different rates, as they serve different functions: Salicylic acid is released immediately to remove the dead cells that have accumulated on the skin, while hydrocortisone decreases inflammation of the skin -- a process that takes more time," says first author of the studies Anna-Lena Gurtler and adds:

"We have tested the prototype on pig skin and human skin cells and compared the results to the creams and ointments available at pharmacies, and our studies show that the patch is just as effective as standard treatments."

Potential to treat other conditions

The researchers used electrospinning to produce the patch -- a method where high voltage is applied to a polymer solution to produce synthetic nanofibers. The fibres are then used to make a fibre mat that may be attached to the skin like a plaster.

The researchers are still working on the patch. More research, product development and clinical trials are needed before the method is ready for use. According to Andrea Heinz, though, it has great potential that extends beyond psoriasis treatment:

"A patch containing active ingredients may be an alternative to creams and ointments in the treatment of other inflammatory skin diseases, for instance atopic eczema. It may also be useful in connection with wound healing."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241112123220.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Machine learning predicts highest-risk groundwater sites to improve water quality monitoring | ScienceDaily
An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.


						
This proof-of-concept work focused on Arizona and North Carolina but could be applied to fill critical gaps in groundwater quality in any region.

Groundwater is a source of drinking water for millions and often contains pollutants that pose health risks. However, many regions lack complete groundwater quality datasets.

"Monitoring water quality is time-consuming and expensive, and the more pollutants you test for, the more time-consuming and expensive it is," says Yaroslava Yingling, co-corresponding author of a paper describing the work and Kobe Steel Distinguished Professor of Materials Science and Engineering at North Carolina State University.

"As a result, there is interest in identifying which groundwater supplies should be prioritized for testing, maximizing limited monitoring resources," Yingling says. "We know that naturally occurring pollutants, such as arsenic or lead, tend to occur in conjunction with other specific elements due to geological and environmental factors. This posed an important data question: with limited water quality data for a groundwater supply, could we predict the presence and concentrations of other pollutants?"

"Along with identifying elements that pose a risk to human health, we also wanted to see if we could predict the presence of other elements -- such as phosphorus -- which can be beneficial in agricultural contexts but may pose environmental risks in other settings," says Alexey Gulyuk, a co-first author of the paper and a teaching professor of materials science and engineering at NC State.

To address this challenge, the researchers drew on a huge data set, encompassing more than 140 years of water quality monitoring data for groundwater in the states of North Carolina and Arizona. Altogether, the data set included more than 20 million data points, covering more than 50 water quality parameters.




"We used this data set to 'train' a machine learning model to predict which elements would be present based on the available water quality data," says Akhlak Ul Mahmood, co-first author of this work and a former Ph.D. student at NC State. "In other words, if we only have data on a handful of parameters, the program could still predict which inorganic pollutants were likely to be in the water, as well as how abundant those pollutants are likely to be."

One key finding of the study is that the model suggests pollutants are exceeding drinking water standards in more groundwater sources than previously documented. While actual data from the field indicated that 75-80% of sampled locations were within safe limits, the machine learning framework predicts that only 15% to 55% of the sites may truly be risk-free.

"As a result, we've identified quite a few groundwater sites that should be prioritized for additional testing," says Minhazul Islam, co-first author of the paper and a Ph.D. student at Arizona State University. "By identifying potential 'hot spots,' state agencies and municipalities can strategically allocate resources to high-risk areas, ensuring more targeted sampling and effective water treatment solutions"

"It's extremely promising and we think it works well," Gulyuk says. "However, the real test will be when we begin using the model in the real world and seeing if the prediction accuracy holds up."

Moving forward, researchers plan to enhance the model by expanding its training data across diverse U.S. regions; integrating new data sources, such as environmental data layers, to address emerging contaminants; and conducting real-world testing to ensure robust, targeted groundwater safety measures worldwide.

"We see tremendous potential in this approach," says Paul Westerhoff, co-corresponding author and Regents' Professor in the School of Sustainable Engineering and the Built Environment at ASU. "By continuously improving its accuracy and expanding its reach, we're laying the groundwork for proactive water safety measures across the globe."

"This model also offers a promising tool for tracking phosphorus levels in groundwater, helping us identify and address potential contamination risks more efficiently," says Jacob Jones, director of the National Science Foundation-funded Science and Technologies for Phosphorus Sustainability (STEPS) Center at NC State, which helped fund this work. "Looking ahead, extending this model to support broader phosphorus sustainability could have a significant impact, enabling us to manage this critical nutrient across various ecosystems and agricultural systems, ultimately fostering more sustainable practices."

This work was supported by the NSF STEPS Center; and by the Metals and Metal Mixtures: Cognitive Aging, Remediation and Exposure Sources (MEMCARE) Superfund Research Center based at Harvard University, which is supported by the National Institute of Environmental Health Science under grant P42ES030990.
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Using CRISPR to decipher whether gene variants lead to cancer | ScienceDaily
Researchers at ETH Zurich have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.


						
In recent years, scientists have created a range of new methods based on CRISPR-Cas technology for precisely editing the genetic material of living organisms. One application is in cell therapy: a patient's immune cells can be specifically reprogrammed to fight cancer more effectively.

Researchers in the Department of Biosystems Science and Engineering at ETH Zurich in Basel have now found a further application for these novel CRISPR-Cas methods: led by ETH Professor Randall Platt, the researchers are using them to decipher how mutations in a cell's genome affect its function. The sequence of DNA building blocks in tumour cells, for example, differs from that in healthy cells. With the new approach, the researchers can generate tens of thousands of cells with different gene variants in Petri dishes. They can then decipher which of the variants contribute to the development of cancer and which make the cancer cells resistant to standard drugs.

Combining two methods

Scientists already had the ability to make individual changes to the genome of cells. But the ETH researchers' project plans were much more complex: they modified one gene in two human cell lines in over 50,000 different ways, thereby creating a correspondingly large number of different cell variants, and then tested the function of those cells. For their proof of concept, they worked with the EGFR gene, which is central to the development of various types of cancer, including lung, brain and breast cancer.

Platt and his team combined two CRISPR-Cas methods to produce a huge number of variants of this gene. Both methods were developed in recent years by researchers at MIT and Harvard University in the United States, and both have advantages and disadvantages. One of these methods, base editing, allows individual building blocks of DNA, known as bases, to be modified very easily and reliably. However, the possibilities of base editing are limited: it can generally switch the DNA base C with the base T, or A with G.

Several tens of thousands of cells changed

The second method the researchers used is prime editing. Theoretically, this method is very powerful: similar to the "search and replace" function of a word processing program, it can change individual sequences of genetic code in a targeted manner. "We can use it to swap any DNA base for another. Or we can insert, say, three or ten bases into the genome or delete the same number," Platt says. "In principle, you can do whatever you want with it."




However, prime editing doesn't work reliably. This has made it difficult to use it to create an entire pool of several tens of thousands of differently modified cells that could then be put through screening. Platt and his team have now achieved this.

Important for oncology

Cell pools with different gene variants are crucial for research. That's because oncologists are increasingly analysing the genetic information in patients' tumour cells base by base. This information often gives them clues as to which medication might work for an individual patient.

In recent years, scientists have built databases containing thousands of different genetic variants found in patients. For about half of these variants, the databases also contain a thorough description of their effects. For the other half, all that's known is that they occur in patients; it's not clear what impact they have, if any, on the development or treatment of cancer. Scientists refer to these as "variants of uncertain significance." If a physician finds such a variant in a patient, that information is of little use to them.

Researchers are convinced that oncology would benefit enormously from having more information on these variants. That's why they're trying to produce cells with these gene variants in the laboratory, so they can then analyse the function of those cells. In recent years, researchers have done much work in preparation for this possibility. They already had the option of employing base editing as a method, but the problem was that base editing alone isn't enough. "It only lets you produce around a tenth of these variants," explains Olivier Belli, a doctoral student in Platt's group and, together with master's student Kyriaki Karava, first author of the study.

New relevant variants found

In order to systematically generate cells with virtually all possible relevant variants of the EGFR gene, Platt and his team first identified the cancer-relevant regions in this gene. These are regions in which mutations either cause a healthy cell to transform into a cancer cell or make a cancer cell become resistant or, conversely, sensitive to a drug. Because it is not possible to create all of these gene variants using base editing, the researches tied in the other method, prime editing.




Finally, the researchers analysed these cells. For ten EGFR gene variants whose effect on cancer progression was previously uncertain, they have now been able to provide evidence that they are significant and describe it: some of these variants may play a role in the onset of cancer, while the others may make it resistant to certain drugs. In the course of this study, the ETH researchers also discovered a potentially new mechanism by which a mutation in the EGFR gene can cause cancer. Moreover, they found six gene variants that appear to play a role in cancer but had never been described -- in other words, completely new, relevant gene variants.

The EGFR gene is just one of several hundred human genes associated with cancer. This new research approach is now ready to decode the variants of uncertain significance in all the other genes as well.
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Astronomers' theory of how galaxies formed may be upended | ScienceDaily
The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.


						
Instead, the oldest galaxies are large and bright, in agreement with an alternate theory of gravity, according to new research from Case Western Reserve University published Tuesday November 12 in The Astrophysical Journal. The results challenge astronomers' understanding of the early universe.

"What the theory of dark matter predicted is not what we see," said Case Western Reserve astrophysicist Stacy McGaugh,whose paper describes structure formation in the early universe.

McGaugh, professor and director of astronomy at Case Western Reserve, said instead of dark matter, modified gravity might have played a role. He says a theory known as MOND, for Modified Newtonian Dynamics, predicted in 1998 that structure formation in the early universe would have happened very quickly -- much faster than the theory of Cold Dark Matter, known as lambda-CDM, predicted.

JWST was designed to answer some of the biggest questions in the universe, such as how and when did stars and galaxies form? Until it was launched in 2021, no telescope was able to see that deeply into the universe and far back in time.

Lambda-CDM predicts that galaxies were formed by gradual accretion of matter from small to larger structures, due to the extra gravity provided by the mass of dark matter.

"Astronomers invented dark matter to explain how you get from a very smooth early universe to big galaxies with lots of empty space between them that we see today," McGaugh said.




The small pieces assembled in larger and larger structures until galaxies formed. JWST should be able to see these small galaxy precursors as dim light.

"The expectation was that every big galaxy we see in the nearby universe would have started from these itty-bitty pieces," he said.

But even at higher and higher redshift -- looking earlier and earlier into the evolution of the universe -- the signals are larger and brighter than expected.

MOND predicted that the mass that becomes a galaxy assembled rapidly and initially expands outward with the rest of the universe. The stronger force of gravity slows, then reverses, the expansion, and the material collapses on itself to form a galaxy. In this theory, there is no dark matter at all.

The large and bright structures seen by JWST very early in the universe were predicted by MOND over a quarter century ago, McGaugh said. He co-authored the paper with former Case Western Reserve postdoctoral researcher Federico Lelli, now at INAF -- Arcetri Astrophysical Observatory in Italy, and former graduate student Jay Franck. The fourth coauthor is James Schombert from the University of Oregon.

"The bottom line is, 'I told you so,'" McGaugh said. "I was raised to think that saying that was rude, but that's the whole point of the scientific method: Make predictions and then check which come true." He added that finding a theory compatible with both MOND and General Relativity is still a great challenge.
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Bulges calculated in the supercomputer: How cells digest their internal canal system | ScienceDaily
Inside cells, there exists an extensive system of canals known as the endoplasmic reticulum (ER), which consists of membrane-encased tubes that are partially broken down as needed -- for instance in case of a nutrient deficiency. As part of this process, bulges or protrusions form in the membrane, which then pinch off and are recycled by the cell. A study by Goethe University Frankfurt has examined this protrusion process using computer simulations. Its finding: certain structural motifs of proteins in the ER membrane play a central role in this process. The study was carried out as part of the "SCALE -- Subcellular Architecture of Life" cluster initiative.


						
The endoplasmic reticulum functions as a reservoir for calcium and carbohydrates and also serves as the site for the synthesis of various hormones. Cells adjust the expansion and networking of their internal canal system as needed. A process known as ER-phagy ("ER-eating") plays a central role here. During this process, a part of the membrane of an ER tube bulges out and eventually pinches off into a small vesicle. At the same time, a kind of internal cellular "trash bag," the autophagosome, forms around it. This then fuses with another container that contains highly reactive enzymes, which "shred" the contents of the "trash bag" and recycle it.

"We have known for several years that specific proteins, known as ER-phagy receptors, play a key role in this process," explains Dr. Ramachandra Bhaskara from Goethe University's Institute of Biochemistry II. These receptors are located in the membrane of ER tubes and consist of an anchor that inserts into the membrane. Attached to this anchor are two long protein strands that extend outward from the membrane surface like flexible tentacles. "Using complex simulations in supercomputers, we were recently able to show, together with other research groups, that the anchor causes the membrane to curve," Bhaskara says, adding that "under certain conditions, this can result in a protrusion. In the current study, we have demonstrated that the filamentous structures increase the likelihood and significantly accelerate the formation of such a bulge."

Proteins form disordered "tentacles" from amino acids

Most proteins adopt a defined three-dimensional shape after they are produced: some parts form coiled, helical structures, while others fold back and forth like the bellows of an accordion. This gives them a compact, relatively rigid form, which also applies to the anchor region of ER-phagy receptors. The tentacles, however, consist of long chains of amino acids that oscillate back and forth in a largely disordered manner -- which is also why they are referred to as "intrinsically disordered (protein) regions" or IDRs for short. These extensive movements require space, which they create by causing the membrane in which they are anchored to bulge. "Added to this is another effect," emphasizes Dr. Sergio Alejandro Poveda Cuevas, the study's first author: "The IDRs contain short sequences that can fold back under certain conditions. We were able to show that they do this during the formation of the bulges. They then nestle against the membrane like a scaffold, thereby reinforcing its curvature."

The pinching-off is thus the result of various finely orchestrated processes, as demonstrated by the simulation: initially, the anchor regions of various ER-phagy receptors approach each other. This clustering increases the curvature of the membrane caused by the receptors. Initially, the IDR tentacles are extended. They make contact with the autophagy machinery and direct it toward the membrane. The IDRs then condense into more compact structures, further enhancing the bulge until the membrane pinches off and the vesicle is packaged in the autophagosome ("trash bag").

Findings could prove important for the treatment of certain diseases

"In addition to offering a detailed insight into this important cellular process, our study also shows that receptor IDRs play a crucial role in ensuring smooth functioning," Bhaskara explains. These results are particularly interesting because some congenital neurological diseases are associated with disrupted ER-phagy. A better understanding of the membrane degradation process might one day enable targeted manipulation.

The study was funded by the German Research Foundation (DFG) within the framework of Collaborative Research Center 1177, and by the ENABLE cluster project funded by the Hessian Ministry of Science and Research, Arts and Culture.
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Novel machine learning techniques measure ocean oxygen loss more accurately | ScienceDaily
Oxygen is essential for living organisms, particularly multicellular life, to metabolize organic matter and energize all life activities. About half of the oxygen we breathe comes from terrestrial plant life, such as forests and grasslands, while the other half is produced through photosynthesis by marine algae in the ocean's surface waters.


						
Oxygen concentrations are declining in many parts of the world's oceans. Experts believe this drop is linked to the ocean's surface warming and its impacts on the physics and chemistry of seawater, though the problem is not fully understood. Temperature plays a crucial role in determining how oxygen dissolves in seawater; as water warms, it loses its ability to hold gas.

"Calculating the amount of oxygen lost from the oceans is challenging due to limited historical measurements and inconsistent timing," said Taka Ito, oceanographer and professor in the School of Earth and Atmospheric Sciences at Georgia Tech. "To understand global oxygen levels and their changes, we need to fill in many data gaps."

A group of student researchers sought to address this issue. Led by Ito, the team developed a new machine learning-based approach to more accurately understand and represent the decline in global ocean oxygen levels. Using datasets, the team further generated a monthly map of oxygen content visualizing the ocean's oxygen decline over several decades. Their research was published in the Journal of Geophysical Research: Machine Learning and Computation.

"Marine scientists need to understand the distribution of oxygen in the ocean, how much it's changing, where the changes are occurring, and why," said Ahron Cervania, a Ph.D. student in Ito's lab. "Statistical methods have long been used for these estimates, but machine learning techniques can improve the accuracy and resolution of our oxygen assessments."

The project began three years ago with support from the National Science Foundation, and the team initially focused solely on Atlantic Ocean data to test the new method. They used a computational model to generate hypothetical observations, which allowed them to assess how well they could reconstruct missing oxygen level information using only a fraction of the data combined with machine learning. After developing this method, the team expanded to global ocean observations, involving undergraduate students and delegating tasks across different ocean basins.

Under Ito's guidance, Cervania and other student researchers developed algorithms to analyze the relationships between oxygen content and variables like temperature, salinity, and pressure. They used a dataset of historical, ship-based oxygen observations since the 1960s and recent data from Argo floats -- autonomous drifting devices that collect and measure temperature and salinity. Although oxygen data existed before the 1960s, earlier records have accuracy issues, so the team focused on data from the 1960s onward. They then created a global monthly map of ocean oxygen content from 1965 to the present.




"Using a machine learning approach, we were able to assess the rate of oxygen loss more precisely across different periods and locations," Cervania said. "Our findings indicate that incorporating float data significantly enhances the estimate of oxygen loss while also reducing uncertainty."

The team found that the world's oceans have lost oxygen at a rate of about 0.7% per decade from 1970 to 2010. This estimate suggests a relatively rapid ocean response to recent climate change, with potential long-term impacts on marine ecosystems' health and sustainability. Their estimate also falls within the range of decline suggested by other studies, indicating the accuracy and efficacy of their approach.

"We calculated trends in global oxygen levels and the ocean's inventory, essentially looking at the rate of change over the last five decades," Cervania said. "It's encouraging to see that our rate aligns with previous estimates from other methods, which gives us confidence. We are building a robust estimate from both our study and other studies."

According to Ito, the team's new approach addresses an ongoing challenge in the oceanographic community: how to effectively combine different data sources with varying accuracies and uncertainties to better understand ocean changes.

"The integration of advanced technologies like machine learning will be essential in filling data gaps and providing a clearer picture of how our oceans are responding to climate change."
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New solar composition ratios that could reconcile longstanding questions | ScienceDaily
A Southwest Research Institute-led team combined compositional data of primitive bodies like Kuiper Belt objects, asteroids and comets with new solar data sets to develop a revised solar composition that potentially reconciles spectroscopy and helioseismology measurements for the first time. Helioseismology probes the Sun's interior by analyzing the waves that travel through it, while spectroscopy reveals the surface composition based on the spectral signature produced by each chemical element.


						
A paper about this research, which addresses the long-standing "solar abundances" problem, appears in the AAS Astrophysical Journal.

"This is the first time this kind of interdisciplinary analysis has been done, and our broad data set suggests more abundant levels of solar carbon, nitrogen and oxygen than previously thought," said Dr. Ngoc Truong, an SwRI postdoctoral researcher. "Solar system formation models using the new solar composition successfully reproduce the compositions of large Kuiper Belt objects (KBOs) and carbonaceous chondrite meteorites, in light of the newly returned Ryugu and Bennu asteroid samples from JAXA's Hayabusa-2 and NASA's OSIRIS-REx missions."

To make this discovery, the team combined new measurements of solar neutrinos and data about the solar wind composition from NASA's Genesis mission, together with the abundance of water found in primitive meteorites that originated in the outer solar system. They also used the densities of large KBOs such as Pluto and its moon Charon, as determined by NASA's New Horizons mission.

"This work provides testable predictions for future helioseismology, solar neutrino and cosmochemical measurements, including future comet sample return missions," Truong said. "The solar composition is used to calibrate other stars and understand the composition and formation of solar system objects. These breakthroughs will enhance our understanding of the primordial solar nebula's chemistry and the formation of numerous solar system bodies."

The team examined the role of refractory, tar-like organic compounds as a major carrier of carbon in the protosolar nebula. Solar system formation models using measurements of organics from comet 67P/Churyumov-Gerasimenko and the most widely adopted solar composition ratios did not produce the dense, rocky Pluto-Charon system.

"With this research, we think we finally understand the mix of chemical elements that made the solar system," said SwRI's Dr. Christopher Glein, an expert in planetary geochemistry. "It has more carbon, nitrogen and oxygen than what is currently assumed. This new knowledge gives us a firmer basis for understanding what element abundances in giant planet atmospheres can tell us about the formation of planets. We already have our eyes on Uranus -- NASA's next target destination -- and beyond."

In the search for habitable exoplanets, scientists measure the abundances of elements in stars spectroscopically to infer what a star's orbiting planets are made of, using stellar composition as a proxy for its planets.

"Our findings will significantly affect our understanding about the formation and evolution of other stars and planetary systems, and even further, they enable a broader perspective of galactic chemical evolution," said Truong.

A Cornell University-affiliated scientist contributed to the research, which was supported by SwRI's Internal Research and Development program and the Heising-Simons Foundation.
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Study show the effectiveness of a portable EKG patch | ScienceDaily
Worldwide, over 300 million electrocardiograms (EKGs) are performed each year, with one third of those taking place in the United States. Despite being so widely used, the technology of EKGs has been unchanged for decades.


						
Research from the University of Cincinnati College of Medicine shows that a newly-developed wireless EKG patch is as accurate, if not more accurate, than results from traditional EKG machines. The device, known as the EKG Patch Solution, was developed by the Cincinnati-based MG Medical Products.

Study findings were published recently in Clinical Research in Cardiology.

Its lead author, Richard Becker, MD, professor of medicine in the UC College of Medicine, says the patch is easier for medical staff to correctly attach to patients and less likely to display misrepresentations of important information when reading the electrical activity of the heart.

"It's easy to use and can consistently be placed on the chest without a complicated learning curve for medical staff," says Becker, also a cardiologist at UC Health, the university-affiliated health care system. "We also found that the likelihood of an artifact which is due to one of the leads not being placed correctly or as firmly as it should be, was 50% less likely to occur. Having a high quality EKG is essential to diagnostic accuracy and achieving good health outcomes."

Becker says Patch EKG has an all-in-one design with built-in lead wires attached to pre-positioned electrodes for easier placement on the chest to eliminate electrode misplacement errors. It was tested in a prospective, single blind study of 200 heart patients against the standard traditional 12-lead EKG procedure.

Errors that impacted the interpretability of the EKG were detected in 6.5% of all Patch EKG procedures and 15% of all standard EKG procedures. These occurred primarily because of movement or motion in the patient, explains Becker.




Most participants either preferred the Patch EKG (47%) or did not have a preference with the standard EKG (52%).

Jeff McGrath, president of MG Medical Products, says the wireless Patch EKG could completely change how an EKG can be performed. McGrath developed the device with his son, Chris McGrath, chief operations officer at MG Medical Products.

"It's five pounds, you don't have to wheel the machine in, you don't have to untangle wires, you don't have to get people dirty," explains Jeff McGrath. "You don't have to have a technical skill to acquire this. People take classes for months to learn how to operate a traditional EKG. You take a class for 20 minutes with this new product to learn how to do an EKG."

Chris McGrath says wireless EKG patch may be of particular interest to skilled nursing facilities, behavioral health facilities and correctional facilities. The ability to rapidly triage acute cardiac symptoms can help lower hospital readmission rates of individuals cared for in these facilities.

"These are places where the inability to perform an EKG is very costly to them," Chris McGrath adds.

The study was sponsored by MG Medical Products, Cincinnati.
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AI can detect serious neurologic changes in babies in the NICU using video data alone | ScienceDaily
A team of clinicians, scientists, and engineers at Mount Sinai trained a deep learning pose-recognition algorithm on video feeds of infants in the neonatal intensive care unit (NICU) to accurately track their movements and identify key neurologic metrics.


						
Findings from this new artificial intelligence (AI)-based tool, published November 11 in Lancet's eClinicalMedicine, could lead to a minimally invasive, scalable method for continuous neurologic monitoring in NICUs, providing critical real-time insights into infant health that have not been possible before.

Every year, more than 300,000 newborns are admitted to NICUs across the United States. Infant alertness is considered the most sensitive piece of the neurologic exam, reflecting integrity throughout the central nervous system. Neurologic deterioration in NICUs can happen unexpectedly and has devastating consequences. However, unlike cardiorespiratory telemetry, which continuously monitors the heart and lung function of babies in the NICU, neurotelemetry has remained elusive in most NICUs despite decades of work in electroencephalography (EEG) and specialized neuro-NICUs. Neurologic status is evaluated intermittently, using physical exams that are imprecise and may miss subacute changes.

The Mount Sinai team hypothesized that a computer vision method to track infant movement could predict neurologic changes in the NICU. "Pose AI" is a machine learning method that tracks anatomic landmarks from video data; it has revolutionized athletics and robotics.

The Mount Sinai team trained an AI algorithm on more than 16,938,000 seconds of video footage from a diverse group of 115 infants in the NICU at The Mount Sinai Hospital undergoing continuous video EEG monitoring. They demonstrated that Pose AI can accurately track infant landmarks from video data. They then used anatomic landmarks from the video data to predict two critical conditions -- sedation and cerebral dysfunction -- with high accuracy.

"Although many neonatal intensive care units contain video cameras, to date they do not apply deep learning to monitor patients," said Felix Richter, MD, PhD, senior author of the paper and Instructor of Newborn Medicine in the Department of Pediatrics at Mount Sinai. "Our study shows that applying an AI algorithm to cameras that continuously monitor infants in the NICU is an effective way to detect neurologic changes early, potentially allowing for faster interventions and better outcomes."

The research team was surprised by how well Pose AI worked across different lighting conditions (day vs. night vs. in babies receiving phototherapy) and from different angles. They were also surprised that their Pose AI movement index was associated with both gestational age and postnatal age.

"It's important to note that this approach does not replace the physician and nursing assessments that are critical in the NICU. Rather, it augments these by providing a continuous readout that can then be acted on in a given clinical context," explained Dr. Richter. "We envision a future system where cameras continuously monitor infants in the NICU, with AI providing a neuro-telemetry strip similar to heart rate or respiratory monitoring, with alert for changes in sedation levels or cerebral dysfunction. Clinicians could review videos and AI-generated insights when needed, offering an intuitive and easily interpretable tool for bedside care."

The team noted the limitations of the study, including that the AI models were trained on data collected at a single institution, meaning that this algorithm and neurologic predictions need to be evaluated on video data from other institutions and video cameras. The research team plans to test this technology in additional NICUs and to develop clinical trials that will assess its impact on care. They are also exploring its application to other neurological conditions and expanding its use to adult populations.

"At Mount Sinai, we are committed to ensuring that new artificial intelligence possibilities are investigated and leveraged to advance care for our patients," said Girish N. Nadkarni MD, MPH, System Chief of Data Driven and Digital Medicine, Director of the Mount Sinai Clinical Intelligence Center, Director of The Charles Bronfman Institute for Personalized Medicine and a study co-author. "AI tools are already advancing clinical care across the Mount Sinai Health System, including by shortening length of stay, reducing hospital readmissions, aiding in cancer diagnostics and therapeutic targeting, and delivering real-time care to patients based on physiological data generated from wearables, to name a few. We are excited to now be bringing this non-invasive, safe, and effective AI tool into the NICU to improve outcomes for our smallest, most fragile patients."
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A milestone in the study of octopus arms | ScienceDaily
Mechanical engineering PhD candidate Arman Tekinalp, fellow graduate student Seung Hyun Kim, Professor Prashant Mehta, and Associate Professor Mattia Gazzola, all from the Department of Mechanical Science and Engineering at the University of Illinois Urbana-Champaign, published in the Proceedings of the National Academy of Science (PNAS). Their interdisciplinary collaboration also included Assistant Professor Noel Naughton (formerly a Beckman fellow) from the Department of Mechanical Engineering at Virginia Tech alongside researchers from the Department of Molecular and Integrative Physiology at Illinois and others from the University of North Carolina Chapel Hill and the University of South Florida. Their paper, "Topology, dynamics, and control of a muscle-architected soft arm," which made the cover, describes an unprecedented computational model that captures the intricate muscular architecture of an octopus arm.


						
The model is in turn used to explain how structural mechanics dramatically simplify the control of the arm by automatically orchestrating complex three-dimensional recurrent motions out of simple muscle contraction patterns. The researchers have been collaborating on this work since 2019 with the overarching goal of developing "cyberoctopus" capability -- in other words, creating robotic control systems that can replicate the complex movements of octopus arms.

In many animals including humans, a centralized brain serves as the decision-making hub, or controller, for the rest of the body. In contrast, octopus "brains" are distributed along the eight arms such that each arm can operate independently. Furthermore, the octopus's physiology allows each arm to achieve a range of motion described by nearly infinite degrees of freedom, making computation extremely complex.

"The general motivation is to figure out how to control a complex system with many degrees of freedom and find an alternative to running expensive computations," Gazzola said. "The octopus is an interesting animal model that has been studied since the 1980s. [Researchers] want to know the 'secret' to its abilities."

"I find it very interesting to learn from live animals and translate some of the insights into ideas for soft robotic design," Tekinalp said of his motivation for the study.

In previous efforts, the researchers worked with an interdisciplinary team to develop a theoretical approach to controlling a simplified octopus arm model. In this work, the team employed MRI and histological and biomechanical data to simulate a realistic arm comprised of nearly 200 intertwined muscle groups.

They also used image tracking to record the movements of a live octopus as it performed tasks in a tank. The octopus was placed on one side of a Plexiglas sheet with a hole through which only one arm could reach. In the experiments, a tempting object was placed on the opposite side of the sheet. The researchers could then video-capture the octopus reaching for and manipulating the object.




"It was almost like working with a little kid," Gazzola recalled of observing the octopus. "You have to know how to approach [the octopus] and keep it engaged."

From the imaging, the team extracted motion data and showed in simulation that their control approach could replicate the complex motions exhibited by the octopus arm. "We used topology and differential geometry to apply a set of fundamental theoretical results to the arm to describe its shape and control it via muscle actuation," Gazzola said.

To describe the arm's motion, the team developed simple muscle activation templates that could achieve complex 3D motion. "Instead of working with thousands of degrees of freedom, we related two topological quantities -- writhe and twist -- to muscle dynamics," Gazzola said. "These two quantities are each controlled by different muscle groups whose coactivation gives rise to a third topological quantity, that describe the arm's 3D morphological changes -- that is, its motion."

Their high-fidelity computational model is a milestone both in biology, where it can help explain the octopus's impressive capability, and engineering. "The computational model is a useful testbed for roboticists to test their algorithms," Mehta said.

The long-term study represents interdisciplinary efforts from multiple research groups and several students on campus over the years. Indeed, the team continues to change -- Tekinalp, who will graduate in December 2024, will be going on to a postdoctoral position at the University of Maryland, College Park.

"For both Mattia and I, it was heartening to see the close cooperation between the students from our two research groups," Mehta said.

Among the many next steps for this work, the researchers anticipate expanding their simulation techniques to investigate methods of controlling all eight arms in a collaborative fashion (e.g., mimicking how an octopus might work with multiple objects at once). They also hope to translate their findings into robotic prototypes for experimental testing.

"Our theoretical understanding is still an intuitive approach," Gazzola said of additional next steps. "We want to develop an automated framework so that our octopus model can learn to perform tasks on its own."
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Fighting microplastics for a cleaner future | ScienceDaily
Microplastics, plastics smaller than 5 millimeters, are littered across the world, contributing to global warming, disrupting food chains, and harming ecosystems with toxic chemicals. This is why Dr. Manish Shetty is working to break down plastics before they can get into the environment.


						
Creating sustainable chemicals and developing better waste management will contribute to better sustainability. This research is part of figuring out how to make green hydrogen available for waste management using catalysts.

Shetty's research uses solvents in low amounts that also act as hydrogen sources to break down a specific class of plastics called condensation polymers, which include polyethylene terephthalate (PET) bottles, packaging, textiles, and 3D printing.

"What we have done in this research is to break down condensation polymers to aromatic compounds that can be used as fuels," Shetty said. "We use organic compounds called liquid organic hydrogen carriers to store hydrogen and use that hydrogen to break down the polymers."

Shetty and his team were able to design catalysts that can harness the stored hydrogen after the breakdown of these condensation polymers, as outlined in Shetty's recent paper published in Angewandte Chemie International Edition.

The research shows how catalyst surfaces use hydrogen leaving from these organic carriers to transform the PET to p-xylene, a molecule that can be used for fuels or chemicals. Shetty says that his research not only offers a waste-management solution but is also crucial for the sustainability of the chemical industry.

"We have developed a solution for sustainability and waste management on these catalysts," Shetty said. "These organic molecules transport this hydrogen from where it's generated to where it's used for waste management, especially in an urban environment where we collect a lot of these wastes."

The research approach is to use methanol for breaking down PET to smaller fragments as well as an H2 source to form p-xylene from PET, a potential chemical or a fuel, according to the paper.

Shetty believes that applying this research could change our economy from relying on fossil fuels.

"One of the things that might happen is, as hydrogen becomes more available, especially for green hydrogen, which is through water electrolysis, we need the hydrogen carriers as a transport vector," Shetty said. "One such use would be waste management and valorization."
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Swirling polar vortices likely exist on the Sun | ScienceDaily
Like the Earth, the Sun likely has swirling polar vortices, according to new research led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR). But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.


						
The findings, recently published in the Proceedings of the National Academy of Sciences (PNAS), have implications for our basic understanding of the Sun's magnetism and the solar cycle, which could in turn improve our ability to predict disruptive space weather. The new research also paints a picture of what we might expect to see at the solar poles during future missions to the Sun and provides information that could be useful in planning the timing of such missions.

"No one can say for certain what is happening at the solar poles," said NSF NCAR senior scientist Mausumi Dikpati, who led the new study. "But this new research gives us an intriguing look at what we might expect to find when we are able, for the first time, to observe the solar poles."

The research was funded by NSF and NASA with supercomputing resources made available on NSF NCAR's Cheyenne and Derecho systems.

A mystery at the Sun's poles

The likely presence of some kind of polar vortices on the Sun does not come as a surprise. These spinning formations develop in fluids that surround a rotating body due to the Coriolis force, and they have been observed on the majority of planets in our solar system. On Earth, a vortex spins high in the atmosphere around both the north and south poles. When those vortices are stable, they keep frigid air locked at the poles, but when they weaken and become unstable, they allow that cold air to seep toward the equator, causing cold air outbreaks in the midlatitudes.

NASA's Juno mission returned breathtaking images of polar vortices on Jupiter, showing eight tightly packed swirls around the gas giant's north pole and five around its south. The polar vortices on Saturn, seen by NASA's Cassini spacecraft, are hexagonally shaped in the north pole and more circular in the south. These differences offer scientists clues into the makeup and dynamics of each planet's atmosphere.




Polar vortices have also been observed in Mars, Venus, Uranus, Neptune, and Saturn's moon Titan, so in some ways, the fact that the Sun (also a rotating body surrounded by a fluid) would have such features may be obvious. But the Sun is also fundamentally different from the planets and moons that possess atmospheres: the plasma "fluid" that surrounds the Sun is magnetic.

How that magnetism might influence the formation and evolution of solar polar vortices -- or whether they form at all -- is a mystery because humanity has never sent a mission into space that can observe the Sun's poles. In fact our observations of the Sun are limited to views of the face of the Sun as it points toward Earth and only offers hints at what might be transpiring at the poles.

A ring of vortices tied to the solar cycle

Since we have never observed the Sun's poles, the science team relied on computer models to fill in the blanks about what solar polar vortices might look like. What they found is that the Sun is likely to indeed have a unique pattern of polar vortices that evolves as the solar cycle unfolds and depends on the strength of any particular cycle.

In the simulations, a tight ring of polar vortices forms at around 55 degrees latitude -- the equivalent of Earth's Arctic circle -- at the same time that a phenomenon called the "rush to the poles" begins. At the maximum of each solar cycle, the magnetic field at the Sun's poles disappears and is replaced with a magnetic field of opposite polarity. This flip-flop is preceded by a "rush to the poles" when the field of opposite polarity begins to travel from about 55 degrees in latitude poleward.

After forming, the vortices head toward the poles in a tightening ring, shedding vortices as the circle closes, eventually leaving only a pair of vortices directly abutting the poles before they disappear altogether at solar maximum. How many vortices form and their configuration as they move toward the poles changes with the strength of the solar cycle.




These simulations offer a missing piece to the puzzle of how the Sun's magnetic field behaves near the poles and may help answer some fundamental questions about the Sun's solar cycles. For example, in the past many scientists have used the strength of the magnetic field that "rushes to the poles" as a proxy for how strong the upcoming solar cycle is likely to be. But the mechanism for how those things might connect, if at all, is not clear.

The simulations also offer information that may be used for planning future missions to observe the Sun. Namely, the results indicate that some form of polar vortices should be observable during all parts of the solar cycle except during the solar maximum.

"You could launch a solar mission, and it could arrive to observe the poles at completely the wrong time," said Scott McIntosh, vice president of space operations for Lynker and a co-author of the paper.

The Solar Orbiter, a cooperative mission between NASA and the European Space Agency, could give researchers their first glimpse of the solar poles, but the first look will be close to solar maximum. The authors note that a mission designed to observe the poles and to give researchers multiple, simultaneous viewpoints of the Sun could help them answer many long-held questions about the Sun's magnetic fields.

"Our conceptual boundary now is that we are operating with only one viewpoint," McIntosh said. "To make significant progress, we must have the observations we need to test our hypotheses and confirm whether simulations like these are correct."
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The refrigerator as a harbinger of a better life | ScienceDaily
To get a good sense of a country's level of development, you need to look at the items people have in their homes, according to economists Rutger Schilpzand and Jeroen Smits from Radboud University. Research on low- and middle-income countries often focuses on income, health or education, but that doesn't tell you the full story of a country's situation. 'That's why, for the first time, we are mapping out how the material wealth of households is developing,' Schilpzand explains. The researchers coin this material wealth growth for households the 'domestic transition'. Their research is published today in the Journal of International Development.


						
Today, people in wealthy countries can scarcely imagine life without a refrigerator, television or washing machine, but prior to 1960 very few households owned these appliances. From that point on, however, things moved quickly: just fifteen years or so later these items could be found in pretty much every kitchen and living room in these countries. This development from a society in which households own hardly any of these kinds of items to one in which almost every household has them is what the researchers refer to as 'the domestic transition'. In their paper, they describe what this transition means for emerging countries and what factors contribute to a faster transition.

Decent standard of living

All these appliances that households in wealthy countries own today represent the basic conditions for what could be called a decent standard of living. 'Virtually every household in the world that is wealthy enough to buy such items actually does so,' says Smits. 'And that's not surprising, as behind all the colourful images we see of markets in developing countries or women washing clothes in a river lies a huge burden of time and energy, which mostly falls on the shoulders of (house)wives.' 'Buying a refrigerator or washing machine immediately reduces their workload and creates space for spending their time in more productive ways, agrees Schilpzand. 'The domestic transition is therefore an important prerequisite for strengthening the position of women worldwide.'

Phase and speed of the transition

Wealthy countries completed the domestic transition decades ago, but in many developing countries it is still in progress or may even have only just begun. The researchers wanted to know whether the transition in emerging countries follows a similar pattern to that in Western countries a few decades earlier. This pattern was characterised by a slow start, followed by a rapid sprint towards mass adoption of a particular item, after which a ceiling was reached. To answer this question, they examined amongst others TV and refrigerator ownership in 1,342 different regions within 88 low- and middle-income countries.

The transition did indeed follow a pattern that barely differs from that seen in Western countries. However, both between and within countries substantial differences in the phase and speed of the transition were observed. Smits: 'Whereas China and Mexico have already pretty much completed the transition, in the rural areas of Sub-Saharan Africa it has barely begun. There, basic needs, such as food, clothes and shelter, have to be met first, before people can even think about buying a refrigerator.'

Related factors

The data also reveal that the transition starts earlier and progresses faster in cities. Also regions with more economic development and higher levels of education experience a faster transition . A more favourable ratio of children and elderly people compared to the working-age population appears to be important too.

'Our analyses have given us a better understanding of the situation of households in developing countries, what is still needed to ensure a reasonable standard of living there and how quickly this could be achieved', explains Schilpzand.
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Super microscope shows nanoscale biological process for the first time | ScienceDaily
In Nijmegen, the world's first microscope has been installed that is capable of live imaging of biological processes in such detail that moving protein complexes are visible. This new microscopic technique was developed by researchers led by Nico Sommerdijk from Radboud university medical center. As a demonstration of this innovative technique, Sommerdijk is now showcasing how arterial calcification begins.


						
Previously, researchers faced a choice. They could use a microscope to examine material in detail down to the molecular level, but only in frozen, motionless samples. Alternatively, they could observe living, moving material, but with far less detail. Radboudumc researchers have developed a technique that combines both approaches. This opens up various new possibilities for the future, such as visualizing how the COVID-19 vaccine enters a cell or capturing the initial stages of arterial calcification.

Protection

There were many technical challenges. 'If you want to see protein complexes in such fine detail, you need an electron microscope', explains Nico Sommerdijk, Professor of Bone Biochemistry at Radboudumc. 'But the electron beam used can damage the biological material and the surrounding fluid, which is undesirable when you want to observe natural processes in the material over extended periods.'

The solution is to apply a protective layer around the material to minimize damage from the electron beam. This can be achieved with graphene, an ultra-strong substance composed of a single layer of carbon atoms. 'But as soon as you apply it, the biological process you want to capture starts immediately', Sommerdijk explains. 'And then you have to quickly reach the microscope, locate the right spot in the tissue, and set up the microscope. This process takes at least half an hour, and sometimes the process is already over by then.'

Calcification

Sommerdijk and his team devised a method to address all these challenges. They apply a layer of graphene around the tissue and freeze it immediately, pausing biological processes. Then, using a light microscope, they identify the specific area in the tissue they want to visualize. Only after determining the correct orientation is the material placed in the new electron microscope, which can perform measurements in liquid. In this setup, the material is warmed, reactivating the biological processes, which are then directly visualized on a nanoscale.

As an example of what the new technique can reveal, Sommerdijk and his team now show how calcium deposits in a form that may lead to calcification of the arteries and aortic valve. PhD candidate Luco Rutten explains: 'If there's too much calcium phosphate in the blood, a particular protein in the body can bind to it, preventing it from precipitating. The kidneys then clear it out. Under the microscope, we see that these proteins form tiny spheres with calcium phosphate, which can still be broken down. But these spheres can also grow larger, causing calcium phosphate to turn into calcified deposits, which can no longer be broken down.' This may contribute to calcification in the body.

Heart valve on a chip

Currently, no treatment exists for calcified aortic valves other than complete valve replacement. 'We still don't fully understand what exactly happens with this type of calcification, which is why there are no medications yet', says Sommerdijk. He aims to further study this with the new microscope and has recently received an ERC Advanced Grant to support this work. In this project, he plans to develop a 'heart valve on a chip'. Initially, this will be a model of a healthy valve, into which he will then introduce calcification. This project will begin in 2025.
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Compact error correction: Towards a more efficient quantum 'hard drive' | ScienceDaily
University of Sydney quantum researchers Dominic Williamson and Nouedyn Baspin have revealed a transformative new architecture for managing errors that emerge in the operation of quantum computers.


						
Their innovative theoretical approach promises to not only enhance the reliability of quantum information storage but also significantly reduce the physical computing resources needed to create 'logical qubits' (or 'quantum switches' that can perform useful calculations). This should lead to the development of a more compact "quantum hard drive."

Lead author Dr Dominic Williamson from the University of Sydney Nano Institute and School of Physics said: "There remain significant barriers to overcome in the development of a universal quantum computer. One of the biggest is the fact we need to use most of the qubits -- quantum switches at the heart of the machines -- to suppress the errors that emerge as a matter of course within the technology.

"Our proposed quantum architecture will require fewer qubits to suppress more errors, liberating more for useful quantum processing," said Dr Williamson, who is currently working for 12 months as a quantum researcher at IBM.

The study has been published in Nature Communications.

At the heart of their theoretical architecture is a three-dimensional structure that allows for quantum error correction across two-dimensions. Current error correction architecture, also constructed within a 3D system of qubits, works to reduce errors in just one dimension along a single line of connected qubits.

Error correction is performed by writing code that operates through the qubit structure, a latticework of how the 'quantum switches' are organised. The objective is to win an 'arms race' where physical qubits are used to suppress errors as they emerge, by using as few qubits as possible to reduce errors.




Dr Williamson said: "Current 3D codes in a block of dimensions L x L x L can only manage L errors. Our codes can handle errors that scale like L2 (LxL) -- a significant improvement."

It has been known for more than a decade that a three-dimensional quantum error correction architecture (LxLxL) had an upper limit of LxL, but no such codes had been discovered.

PhD student and co-author Nouedyn Baspin said: "This means that we have discovered new states of quantum matter in three dimensions that have properties never seen before."

Quantum computers promise to solve complex problems that are currently beyond the reach of classical computers. However, one of the major challenges in realising practical quantum computing is the need for robust error correction mechanisms.

Traditional quantum error correction methods, such as the widely studied surface code, have limitations in terms of scalability and resource efficiency.

Williamson and Baspin's research introduces a three-dimensional architecture that effectively manages quantum errors within two-dimensional layers. By leveraging this three-dimensional topological code, the researchers have demonstrated that it is possible to achieve optimal scaling while significantly reducing the number of physical qubits needed. This advance is crucial for the development of scalable quantum computers, as it allows for a more compact construction of quantum memory systems.

By reducing the physical qubit overhead, the findings pave the way for the creation of a more compact "quantum hard drive" -- an efficient quantum memory system capable of storing vast amounts of quantum information reliably.

Quantum theorist and Director of the University of Sydney Nano Institute, Professor Stephen Bartlett, said: "This advancement could help transform the way quantum computers are built and operated, making them more accessible and practical for a wide range of applications, from cryptography to complex simulations of quantum many-body systems."
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A new paradigm in high-speed photoacoustic small animal whole-body imaging | ScienceDaily
A research team led by Professor Chulhong Kim from the Department of Electrical Engineering, the Department of Convergence IT Engineering, the Department of Mechanical Engineering, and School of Convergence Science and Technology at POSTECH, researcher Seongwook Choi (Ph.D., Stanford University) from POSTECH Institute of Artificial Intelligence, and researcher Jinge Yang (Ph.D., Caltech) from the Department of Electrical Engineering has developed an advanced continuous rotational scanning photoacoustic computed tomography (PACT) system for rapid imaging of living organisms. This innovative work was recently published in the online edition of "Laser & Photonics Reviews," an international journal in optics.


						
There is increasing recognition of the need to track whole-body dynamics to understand complex biological processes and disease progression in living organisms. Currently, various imaging techniques, including X-ray CT, MRI, PET, and optical imaging, are used with small animal models, each with its own advantages and limitations. This has led researchers to explore PACT as a tool for observing the structural, functional, and molecular characteristics of biological tissues.

PACT system combines the strengths of optical and ultrasound imaging, presenting a promising alternative to traditional imaging methods. Conventional whole-body PACT approaches, however, were constrained by lengthy whole-body imaging times and a one-sided view.

To address these challenges, the team developed the PACT system to quickly capture multiple biological parameters within the torso of small animals. The system uses a rapidly rotating array of hemispherical ultrasound transducers, allowing simultaneous collection of multiple data points at a significantly faster rate than conventional step-by-step scans. With this innovation, the researchers were able to acquire 360deg anatomical images of a rat torso in just nine seconds, complete a full whole-body scan in 54 seconds, and achieve a spatial resolution of approximately 212 micrometers (mm).

This system enabled the team to visualize whole-body structures and monitor drug kinetics as well as changes in hemoglobin oxygen saturation in live animals. Notably, the ability to observe oxygen saturation across a wide range of tissues is expected to substantially enhance our understanding of oxygen transport and distribution within complex biological systems.

Professor Chulhong Kim of POSTECH expressed the significance of the research by saying, "This technology matches the performance of existing imaging techniques while also providing molecular and functional information." Dr. Seongwook Choi remarked, "This system offers valuable insights into the rapid dynamics of biological systems and oxygen kinetics in preclinical research."

The research was conducted with support from the Program for Key Research Institutes for Universities of the Ministry of Education, the Mid-Career Research Program and the BRIDGE from the Ministry of Science and ICT, the Governmental Medical Device R&D Program, and BK21.
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Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data | ScienceDaily
Much of modern life depends on the coding of information onto means of delivering it. A common method is to encode data in laser light and send it through optic cables. The increasing demand for more information capacity demands that we constantly find better ways of encoding it.


						
Researchers at Aalto University's Department of Applied Physics found a new way to create tiny hurricanes of light -- known to scientists as vortices -- that can carry information. The method is based on manipulating metallic nanoparticles that interact with an electric field. The design method, belonging to a class of geometries known as quasicrystals, was thought up by Doctoral Researcher Kristian Arjas and experimentally realised by Doctoral Researcher Jani Taskinen, both from Professor Paivi Torma's Quantum Dynamics group. The discovery represents a fundamental step forward in physics and carries the potential for entirely new ways of transmitting information.

Half order and chaos

A vortex is in this case like a hurricane that occurs in a beam of light, where a calm and dark centre is surrounded by a ring of bright light. Just like the eye of a hurricane is calm due to the winds around it blowing in different directions, the eye of the vortex is dark due to the electric field of bright light pointing to different directions on different sides of the beam.

Previous physics research has connected what kind of vortices can appear with how much symmetry there is in the structure that produces them. For example, if particles in the nanoscale are arranged in squares the produced light has a single vortex; hexagons produce a double vortex and so on. More complex vortices require at least octagonal shapes.

Now Arjas, Taskinen and the team unlocked a method for creating geometric shapes that theoretically support any kind of vortex.

"This research is on the relationship between the symmetry and the rotationality of the vortex, i.e. what kinds of vortices can we generate with what kinds of symmetries. Our quasicrystal design is halfway between order and chaos," Torma says.




Good vibrations

In their study, the group manipulated 100,000 metallic nanoparticles, each roughly the size of a hundredth of a single strand of human hair, to create their unique design. The key lay in finding where the particles interacted with the desired electric field the least instead of the most.

'An electrical field has hotspots of high vibration and spots where it is essentially dead. We introduced particles into the dead spots, which shut down everything else and allowed us to select the field with the most interesting properties for applications,' Taskinen says.

The discovery opens a wealth of future research in the very active field of topological study of light. It also represents the early steps for a powerful way of transmitting information in domains where light is needed to send encoded information, including telecommunications.

'We could, for example, send these vortices down optic fibre cables and unpack them at the destination. This would allow us to store our information into a much smaller space and transmit much more information at once. An optimistic guess for how much would be 8 to 16 times the information we can now deliver over optic fibre,' Arjas says.

Practical applications and scalability of the team's design are likely to take years of engineering. The Quantum Dynamics group at Aalto, however, have their hands full with research into superconductivity and improving organic LEDs.

The group used the OtaNano research infrastructure for nano-, micro- and quantum technologies in their pioneering study.

The research was published early November in Nature Communications.
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Research team successfully produces microbial plastic to replace PET bottles | ScienceDaily
Currently, the world is suffering from environmental problems caused by plastic waste. The KAIST research team has succeeded in producing a microbial-based plastic that is biodegradable and can replace existing PET bottles, making it a hot topic.


						
The university announced on the 7th of November that the research team of Distinguished Professor Sang Yup Lee of the Department of Chemical and Biomolecular Engineering has succeeded in developing a microbial strain that efficiently produces pseudoaromatic polyester monomer to replace polyethylene terephthalate (PET) using systems metabolic engineering.

Pseudoaromatic dicarboxylic acids have better physical properties and higher biodegradability than aromatic polyester (PET) when synthesized as polymers, and are attracting attention as an eco-friendly monomer* that can be synthesized into polymers. The production of pseudoaromatic dicarboxylic acids through chemical methods has the problems of low yield and selectivity, complex reaction conditions, and the generation of hazardous waste.

To solve this problem, Professor Sang Yup Lee's research team used metabolic engineering to develop a microbial strain that efficiently produces five types of pseudoaromatic dicarboxylic acids, including 2-pyrone-4,6-dicarboxylic acid and four types of pyridine dicarboxylic acids (2,3-, 2,4-, 2,5-, 2,6-pyridine dicarboxylic acids), in Corynebacterium, a bacterium mainly used for amino acid production.

The research team used metabolic engineering techniques to build a platform microbial strain that enhances the metabolic flow of protocatechuic acid, which is used as a precursor for several pseudoaromatic dicarboxylic acids, and prevents the loss of precursors.

Based on this, the genetic manipulation target was discovered through transcriptome analysis, producing 76.17 g/L of 2-pyrone-4,6-dicarboxylic acid, and by newly discovering and constructing three types of pyridine dicarboxylic acid production metabolic pathways, successfully producing 2.79 g/L of 2,3-pyridine dicarboxylic acid, 0.49 g/L of 2,4-pyridine dicarboxylic acid, and 1.42 g/L of 2,5-pyridine dicarboxylic acid.

In addition, the research team confirmed the production of 15.01 g/L through the construction and reinforcement of the 2,6-pyridine dicarboxylic acid biosynthesis pathway, successfully producing a total of five similar aromatic dicarboxylic acids with high efficiency.




In conclusion, the team succeeded in producing 2,4-, 2,5-, and 2,6-pyridine dicarboxylic acids at the world's highest concentration. In particular, 2,4-, 2,5-pyridine dicarboxylic acid achieved production on the scale of g/L, which was previously produced in extremely small amounts (mg/L).

Based on this study, it is expected that it will be applied to various polyester production industrial processes, and it is also expected that it will be actively utilized in research on the production of similar aromatic polyesters.

Professor Sang Yup Lee, the corresponding author, said, "The significance lies in the fact that we have developed an eco-friendly technology that efficiently produces similar aromatic polyester monomers based on microorganisms," and "This study will help the microorganism-based bio-monomer industry replace the petrochemical-based chemical industry in the future."

The results of this study were published in the international academic journal, the Proceedings of the National Academy of Sciences of United States of America (PNAS) on October 30th.

This study was conducted with the support of the Development of Next-generation Biorefinery Platform Technologies for Leading Bio-based Chemicals Industry Project and the Development of Platform Technologies of Microbial Cell Factories for the Next-generation Biorefineries Project (Project leader: Professor Sang Yup Lee) from the National Research Foundation supported by the Ministry of Science and Technology and ICT of Korea.
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Einstein's equations collide with the mysteries of the Universe | ScienceDaily
Why is the expansion of our Universe accelerating? Twenty-five years after its discovery, this phenomenon remains one of the greatest scientific mysteries. Solving it involves testing the fundamental laws of physics, including Albert Einstein's general relativity. A team from the universities of Geneva (UNIGE) and Toulouse III -- Paul Sabatier compared Einstein's predictions with data from the Dark Energy Survey. Scientists discovered a slight discrepancy that varies with different periods in cosmic history. These results, published in Nature Communications, challenge the validity of Einstein's theories for explaining phenomena beyond our solar system on a universal scale.


						
According to Albert Einstein's theory, the Universe is deformed by matter, like a large, flexible sheet. These deformations, caused by the gravity of celestial bodies, are called ''gravitational wells''. When light passes through this irregular framework, its trajectory is bent by these wells, similar to the effect of a glass lens. However, in this case, it is gravity, not glass, that bends the light. This phenomenon is known as ''gravitational lensing''.

Observing it provides insights into the components, history, and expansion of the Universe. Its first measurement, taken during a solar eclipse in 1919, confirmed Einstein's theory, which predicted a light deflection twice as large as that predicted by Isaac Newton. This difference arises from Einstein's introduction of a key new element: the deformation of time, in addition to the deformation of space, to achieve the exact curvature of light.

Theory vs. Data

Are these equations still valid at the edge of the Universe? This question is being explored by many scientists seeking to quantify the density of matter in the cosmos and to understand the acceleration of its expansion. Using data from the Dark Energy Survey -- a project mapping the shapes of hundreds of millions of galaxies -- a team from the universities of Geneva (UNIGE) and Toulouse III -- Paul Sabatier is providing new insights.

''Until now, Dark Energy Survey data have been used to measure the distribution of matter in the Universe. In our study, we used this data to directly measure the distortion of time and space, enabling us to compare our findings with Einstein's predictions,'' says Camille Bonvin, associate professor in the Department of Theoretical Physics at the UNIGE Faculty of Science, who led the research.

A Slight Discrepancy

The Dark Energy Survey data allow scientists to look deep into space and, therefore, far into the past. The French-Swiss team analysed 100 million galaxies at four different points in the Universe's history: 3.5, 5, 6, and 7 billion years ago. These measurements revealed how gravitational wells have evolved over time, covering more than half of the cosmos's history.




''We discovered that in the distant past -- 6 and 7 billion years ago -- the depth of the wells aligns well with Einstein's predictions. However, closer to today, 3.5 and 5 billion years ago, they are slightly shallower than predicted by Einstein,'' reveals Isaac Tutusaus, assistant astronomer at the Institute of Research in Astrophysics and Planetology (IRAP/OMP) at Universite Toulouse III -- Paul Sabatier and the study's lead author.

It is also during this period, closer to today, that the expansion of the Universe began to accelerate. Therefore, the answer to two phenomena -- the acceleration of the Universe and the slower growth of gravitational wells -- may be the same: gravity could operate under different physical laws at large scales than those predicted by Einstein.

Challenging Einstein?

''Our results show that Einstein's predictions have an incompatibility of 3 sigma with measurements. In the language of physics, such an incompatibility threshold arouses our interest and calls for further investigations. But this incompatibility is not large enough, at this stage, to invalidate Einstein's theory. For that to happen, we would need to reach a threshold of 5 sigma. It is therefore essential to have more precise measurements to confirm or refute these initial results, and to find out whether this theory remains valid in our Universe, at very large distances,'' emphasizes Nastassia Grimm, postdoctoral researcher in the Department of Theoretical Physics at UNIGE and co-author of the study.

The team is preparing to analyse new data from the Euclid space telescope, launched a year ago. As Euclid observes the Universe from space, its measurements of gravitational lensing will be significantly more precise. Additionally, it is expected to observe about 1.5 billion galaxies within the six years of the mission. This will enable more accurate measurements of space-time distortions, allowing us to look further back in time and ultimately test Einstein's equations.
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Fermium studied at GSI/FAIR: Researchers investigate nuclear properties of element 100 with laser light | ScienceDaily
Where does the periodic table of chemical elements end and which processes lead to the existence of heavy elements? An international research team reports on experiments performed at the GSI/FAIR accelerator facility and at Johannes Gutenberg University Mainz to come closer to an answer. They gained insight into the structure of atomic nuclei of fermium (element 100) with different numbers of neutrons. Using forefront laser spectroscopy techniques, they traced the evolution of the nuclear charge radius and found a steady increase as neutrons were added to the nuclei. This indicates that localized nuclear shell effects have a reduced influence on the nuclear charge radius in these heavy nuclei. The results were published in the scientific journal Nature.


						
Elements beyond uranium (element 92), like for example Fermium (element 100), do not occur naturally in the Earth's crust. To be studied, they thus have to be produced artificially. They bridge from the heaviest naturally occurring elements to the so-called superheavy elements, which start at element 104. Superheavy elements owe their existence to stabilizing quantum mechanical shell effects, which add about two thousandths of the total nuclear binding energy. Albeit a small contribution, it is decisive in counteracting the repelling forces between the many positively charged protons.

Quantum mechanical effects induced by the building blocks of atomic nuclei, the protons and neutrons, which together make up the nucleus, are explained by the nuclear shell model. Similar to atoms, where filled electron shells lead to chemical stability and inertness, nuclei with filled nuclear shells (containing so-called "magic" numbers of protons/neutrons) exhibit an increased stability. Consequently, their nuclear binding energies and their lifetimes increase. In lighter nuclei, filled nuclear shells are known to also influence trends in the nuclear charge radii.

Using laser spectroscopy methods, subtle changes in the atomic structure can be analyzed, which in turn provide information about nuclear properties such as the nuclear charge radius, i.e. the distribution of protons in the atomic nucleus. Studies of several atomic nuclei of the same element, but with different neutron numbers, have revealed a steady increase in this radius, unless a magic number is crossed. Then, a kink is observed, as the slope of the radial increase changes at the shell closure. This effect was found for lighter, spherical atomic nuclei up to lead.

New insight into the nuclear structure of heavy nuclei

"Using a laser-based method, we investigated fermium atomic nuclei, which possess 100 protons, and between 145 and 157 neutrons. Specifically, we studied the influence of quantum mechanical shell effects on the size of the atomic nuclei. This allowed shedding light on the structure of these nuclei in the range around the known shell effect at neutron number 152 from a new perspective," explains Dr. Sebastian Raeder, the spokesperson of the experiment at GSI/FAIR. "At this neutron number, the signature of a neutron shell closure was previously observed in trends of the nuclear binding energy. The strength of the shell effect was measured by high-precision mass measurements at GSI/FAIR in 2012. As mass is equivalent to energy according to Einstein, these mass measurements gave hints about the extra binding energy the shell effect provides. Atomic nuclei around neutron number 152 are an ideal testbench for deeper studies, as they happen to be shaped more like a rugby-ball, rather than spherical. This deformation allows the many protons in their nuclei to be further apart than in a spherical nucleus."

For the current measurements, an international collaboration of 27 institutes from seven countries examined fermium isotopes with lifetimes ranging from a few seconds to a hundred days, using different methods for producing the fermium isotopes and by methodological developments in the applied laser spectroscopy techniques. The short-lived isotopes were produced at the GSI/FAIR accelerator facility, with only a few atoms per minute being available for the experiments in some cases. To probe them, a tailored laser spectroscopy method was used that researchers had developed a few years ago for measurements on nobelium isotopes. The produced nuclei were stopped in argon gas and picked up electrons to form neutral atoms, which were then probed by laser light.




The neutron-rich, long-lived fermium isotopes (fermium-255, fermium-257) were produced in picogram amounts at Oak Ridge National Laboratory in Oak Ridge, USA, and at Institut Laue-Langevinat Grenoble, France. A radiochemical preparation of the samples was performed at Johannes Gutenberg University Mainz (JGU). Using a different method, they were subsequently evaporated in a reservoir and examined in vacuum with laser light.

Laser light of a suitable wavelength lifts an electron in the fermium atom to a higher-lying orbital, and then removes it from the atom altogether, forming a fermium ion, which can be detected efficiently. The exact energy required for this stepwise ion-formation process varies with neutron number. This small change in excitation energy was measured to obtain information about the change in size of the atomic nuclei.

Macroscopic properties dominate

The investigations provided insight into the changes of the nuclear charge radius in fermium isotopes across the neutron number 152 and showed a steady, uniform increase. The comparison of the experimental data with various calculations performed by international collaboration partners using modern theoretical nuclear physics models allows an interpretation of the underlying physical effects. Despite different calculation methods, all models were found to be in good agreement with each other as well as with the experimental data.

"Our experimental results and their interpretation with modern theoretical methods show that in the fermium nuclei, nuclear shell effects have a reduced influence on the nuclear charge radii, in contrast to the strong influence on the binding energies of these nuclei," says Dr. Jessica Warbinek, doctoral student at GSI/FAIR and JGU at the time of the experiments and first author of the publication. "The results confirm theoretical predictions that local shell effects, which are due to few individual neutrons and protons, lose influence when the nuclear mass increases. Instead, effects dominate that are to be attributed to the full ensemble of all nucleons, with the nuclei rather seen as a charged liquid drop."

The experimental improvements of the method pave the way to further laser spectroscopic studies of heavy elements in the region around and beyond neutron number 152 and represent a step towards a better understanding of stabilization processes in heavy and superheavy elements. Ongoing developments hold the promise that future studies will be able to also reveal weak effects of nuclear shell structure, which, though, are at the heart of the existence of the heaviest known elements.
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Robot that watched surgery videos performs with skill of human doctor, researchers report | ScienceDaily
A robot, trained for the first time by watching videos of seasoned surgeons, executed the same surgical procedures as skillfully as the human doctors.


						
The successful use of imitation learning to train surgical robots eliminates the need to program robots with each individual move required during a medical procedure and brings the field of robotic surgery closer to true autonomy, where robots could perform complex surgeries without human help.

"It's really magical to have this model and all we do is feed it camera input and it can predict the robotic movements needed for surgery," said senior author Axel Krieger. "We believe this marks a significant step forward toward a new frontier in medical robotics."

The findings led by Johns Hopkins University researchers are being spotlighted this week at the Conference on Robot Learning in Munich, a top event for robotics and machine learning.

The team, which included Stanford University researchers, used imitation learning to train the da Vinci Surgical System robot to perform fundamental surgical procedures: manipulating a needle; lifting body tissue, and suturing. The model combined imitation learning with the same machine learning architecture that underpins ChatGPT. However, where ChatGPT works with words and text, this model speaks "robot" with kinematics, a language that breaks down the angles of robotic motion into math.

The researchers fed their model hundreds of videos recorded from wrist cameras placed on the arms of da Vinci robots during surgical procedures. These videos, recorded by surgeons all over the world, are used for post-operative analysis and then archived. Nearly 7,000 da Vinci robots are used worldwide, and more than 50,000 surgeons are trained on the system, creating a large archive of data for robots to "imitate."

While the da Vinci system is widely used, researchers say it's notoriously imprecise. But the team found a way to make the flawed input work. The key was training the model to perform relative movements rather than absolute actions, which are inaccurate.




"All we need is image input and then this AI system finds the right action," said lead author Ji Woong "Brian" Kim. "We find that even with a few hundred demos the model is able to learn the procedure and generalize new environments it hasn't encountered."

The team trained the robot to perform three tasks: manipulate a needle, lift body tissue, and suture. In each case, the robot trained on the team's model performed the same surgical procedures as skillfully as human doctors.

"Here the model is so good learning things we haven't taught it," Krieger said. "Like if it drops the needle, it will automatically pick it up and continue. This isn't something I taught it do."

The model could be used to quickly train a robot to perform any type of surgical procedure, the researchers said. The team is now using imitation learning to train a robot to perform not just small surgical tasks but a full surgery.

Before this advancement, programming a robot to perform even a simple aspect of a surgery required hand-coding every step. Someone might spend a decade trying to model suturing, Krieger said. And that's suturing for just one type of surgery.

"It's very limiting," Krieger said. "What is new here is we only have to collect imitation learning of different procedures, and we can train a robot to learn it in a couple days. It allows us to accelerate to the goal of autonomy while reducing medical errors and achieving more accurate surgery."

Authors from Johns Hopkins include PhD student Samuel Schmidgall; Associate Research Engineer Anton Deguet; and Associate Professor of Mechanical Engineering Marin Kobilarov. Stanford University authors are PhD student Tony Z. Zhao
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Carpet fibers stop concrete cracking | ScienceDaily
Engineers in Australia have found a way to make stronger and crack-resistant concrete with scrap carpet fibres, rolling out the red carpet for sustainability in the construction sector.


						
The research team is engaging with partners including Textile Recyclers Australia, Godfrey Hirst Australia and councils in Victoria to conduct field studies of on-ground slabs made of reclaimed textiles.

Lead researcher Dr Chamila Gunasekara from RMIT University said the team had developed a technique using waste carpet fibres to reduce early-age shrinkage cracking in concrete by up to 30%, while also improving the concrete's durability.

This research addresses a major challenge in the construction sector, as the annual cost of repair for cracks in reinforced concrete structures in Australia is about A$8 billion. In the US, the cost is estimated at US$76 billion per year.

Publishing their latest results in the Construction and Building Materials journal, the team has shown that waste carpet material can be used to improve concrete.

With state-of-the-art textile research facilities at RMIT, the team of civil engineers and textile researchers has also been able to use other discarded textiles including clothing fabrics to make concrete stronger.

"Cracking in early-age concrete slabs is a long-standing challenge in construction projects that can cause premature corrosion, not only making a building look bad but also risking its structural integrity and safety," said Gunasekara, an ARC DECRA fellow from the School of Engineering.




"Scrap carpet fibres can be used to increase concrete's strength by 40% in tension and prevent early cracking, by reducing shrinkage substantially."

Laboratory concrete samples have been created using the various textile materials and shown to meet Australian Standards for engineering performance and environmental requirements.

Addressing a big waste challenge

The disposal of carpets and other textiles including discarded fabrics poses an enormous environmental challenge, Gunasekara said.

"Australia is the second largest consumer of textiles per person in the world, after the US. The average Australian purchases 27kg of new clothing and textiles every year, and discards 23kg into landfill," he said.

"Burning carpet waste releases various toxic gases, creating environmental concerns."

Dr Shadi Houshyar, a textile and material scientist at RMIT, said firefighting clothes waste also posed a challenge, as the same qualities that made these materials ideal for firefighting also made them difficult to recycle.




"Up to 70% of textile waste would be suitable for conversion into usable fibres, presenting an opportunity in the materials supply chain," said Houshyar, from the School of Engineering.

Working with industry and government to support the recycling of waste 

Field trials conducted with support from industry and local government partners will help capture the unexpected conditions encountered in real-world construction projects.

The ARC Industrial Transformation Research Hub for Transformation of Reclaimed Waste Resources to Engineered Materials and Solutions for a Circular Economy (TREMS) and an early-career research grant will fund the field trials as well as computational modelling. TREMS is led by Professor Sujeeva Setunge from RMIT.
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Carbon recycling instead of plastic trash | ScienceDaily
Plastics are inescapable in our daily lives. The vast amounts of plastic garbage heaped in landfills and in the environment, however, are as problematic as the plastics are useful. In the journal Angewandte Chemie, a German research team has now introduced a new method for recycling polystyrene waste. Their efficient electrochemical process uses an inexpensive iron catalyst, produces hydrogen as a byproduct, and can be powered by solar panels.


						
Less than 10% of the plastic produced in the world is recycled. Plastic waste is accumulating in landfills and waterways, threatening wildlife and the environment. By 2025, this pile of plastic is predicted to reach 40 billion tons. Globally, about 33 % of the material deposited in landfills consists of polystyrene (PS), which is widely used in packaging and construction. Only about 1 % of polystyrene is recycled. Worldwide production capacity of polystyrene reached 15.4 million tons in 2022 and continues to increase. Recycling of plastics, particularly polystyrene, is one of the biggest societal challenges of our time. Efficient, cost-effective recycling methods that convert plastic waste to valuable small molecules that can be used in chemical syntheses would be a step toward a sustainable circular carbon economy.

A team led by Lutz Ackermann at the Friedrich Wohler Research Institute for Sustainable Chemistry in Gottingen (Germany) has now developed an electrocatalytic method for the efficient degradation of polystyrenes. The degradation produces a relatively high fraction of monomeric benzoyl products that can be used as starting materials for chemical processes, as well as some short polymer chains.

The key to this success is a powerful iron-based catalyst, an iron porphyrin complex that resembles hemoglobin. Its advantage over many other catalytically active metals is that iron is nontoxic, inexpensive, and easy to obtain. During the electrocatalytic reaction, the iron compound cycles between different oxidation steps (IV, III, and II). A series of reaction steps and intermediate products eventually result in splitting of the carbon-carbon bonds in the polymer backbone. The main products are benzoic acid and benzaldehyde. Benzoic acid is a starting material for a variety of chemical syntheses in the production of scents and preservatives, for example. The robustness of this novel electrocatalysis was demonstrated by the efficient degradation of real-life plastic waste on the gram scale.

This polystyrene degradation process could be fully powered with electricity from commercially available solar panels. In addition, a useful side reaction occurs during the degradation process: production of hydrogen. In this way, the new electrocatalytic process, which can easily be scaled to an industrial level, combines efficient plastic recycling with decentralized, green hydrogen production.
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Two hundred times better catalysts thanks to carbon | ScienceDaily
Precious metals play an important role in the chemical industry as catalysts: With the help of silver, platinum, palladium or other elements, chemical reactions can take place that would otherwise not progress or would only progress at a much lower reaction rate. These metals are often used in the form of tiny nanoparticles. However, how well they work also depends on the surface on which they are placed. Nanoparticles on a carbon base seem to work particularly well -- the reason for this was unknown for a long time.


						
At TU Wien, however, it was now possible for the first time to precisely measure and explain the interaction between metal nanoparticles and a carbon substrate. Silver atoms on a carbon support were found to be two hundred times more active than atoms in a piece of pure silver. Computer simulations show that the zone in which the silver is in direct contact with the carbon is crucial. With the help of hydrogen isotope exchange, a method was developed to test catalyst supports for their effectiveness more quickly and easily.

From "black art" to science

"For a long time, the use of carbon as a carrier material for catalysis had something almost magical," says Prof. Gunther Rupprechter from the Institute of Materials Chemistry at TU Wien. The source of carbon turned out to be important. For some processes, carbon is used that was obtained from coconut shells, fibers or special woods. Such "recipes" can even be found in patent documents -- although the origin of chemical substances should actually be relatively irrelevant. "It always seemed a bit like black art," says Gunther Rupprechter.

The idea was that different manufacturing methods could lead to minimal chemical or physical differences: perhaps the carbon arranges itself in different ways depending on the method of manufacturing? Maybe it contains traces of other chemical elements? Or do functional groups accumulate on the surface -- small molecular building blocks that intervene in the chemical reaction?

"In the chemical industry, people are naturally often content with the fact that a process works and can be repeated reliably," says Rupprechter. "But we wanted to get to the origin of the effect and understand exactly what is actually going on here at the atomic level." The University of Cadiz (Spain) and the Center for Electrone Microscopy USTEM at TU Wien were also involved.

Precision measurements in a microreactor

The team first produced samples that could be characterized extremely precisely: silver nanoparticles of a known size on a carbon substrate -- and a thin silver foil without carbon.




Both samples were then examined in a chemical reactor: "Silver can be used to split hydrogen molecules into individual hydrogen atoms," explains Thomas Wicht, the first author of the study. "This hydrogen can then be used, for example, for the hydrogenation reaction of ethene. In an analogous manner, one can also mix 'ordinary' hydrogen molecules with molecules made of heavy hydrogen (deuterium). Both molecules are then dissociated by the silver and recombined." The more active the catalyst, the more frequently the two hydrogen isotopes are exchanged. This provides very reliable information about the catalyst activity.

This meant that for the first time, the difference in activity between silver atoms with and without a carbon support could be precisely quantified -- with spectacular results: "For each silver atom, the carbon background induces a two hundred times higher activity," says Thomas Wicht. "This is of course very important for industrial applications. You only need a two-hundredth of the amount of expensive precious metals to achieve the same activity -- and you can do that simply by adding comparatively inexpensive carbon."

The exciting effect happens right at the border

Alexander Genest from the TU Wien team carried out computer simulations comparing the activation of hydrogen by silver nanoparticles on carbon and pure silver. This made it clear: the boundary region between silver particles and carbon carrier is crucial. The catalyst effect is greatest exactly where the two come into contact. "So it's not the size of the carbon surface or any foreign atoms or functional groups. An extreme catalytic effect occurs when a reactant molecule comes into contact with both a carbon and a silver atom directly at the interface," says Alexander Genest. The larger this area of direct contact, the greater the activity.

This knowledge means that different carbon batches from different sources can now be checked quite easily for their effectiveness. "Now that we have understood the mechanism of action, we know exactly what to pay attention to," says Gunther Rupprechter. "Our experiment, in which we expose the catalysts to a mixture of ordinary and heavy hydrogen, is relatively easy to carry out and provides very reliable information as to whether this variant of the carbon carrier is also suitable for other chemical reactions or not." Being able to explain processes at the atomic level should now save time and money in industrial use and simplify quality assurance.
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Discovery taps 'hot carriers' for on-demand, emissions-free hydrogen and catalyst regeneration | ScienceDaily
As a clean-burning, potent and versatile energy commodity, hydrogen could play a key role in the transition to a sustainable energy ecosystem. However, the chemical process responsible for more than half of the current global hydrogen production is a substantial source of greenhouse gas emissions.


						
Rice University researchers have developed a catalyst that could render steam methane reforming (SMR) entirely emissions-free by using light rather than heat to drive the reaction. Moreover, the research could prove instrumental for extending catalyst lifetimes in general, improving efficiencies and reducing costs for a number of industrial processes plagued by coking, a form of carbon buildup that can deactivate catalysts.

The new copper-rhodium photocatalyst sports an antenna-reactor design that, when exposed to a specific wavelength of light, breaks down methane and water vapor without external heating into hydrogen and carbon monoxide -- a valuable chemical industry feedstock that is not a greenhouse gas.

"This is one of our most impactful findings so far, because it offers an improved alternative to what is arguably the most important chemical reaction for modern society," said Peter Nordlander, Rice's Wiess Chair and Professor of Physics and Astronomy and professor of electrical and computer engineering and materials science and nanoengineering. "We developed a completely new, much more sustainable way of doing SMR."

Nordlander and Naomi Halas, Rice University Professor and the Stanley C. Moore Professor of Electrical and Computer Engineering, are the corresponding authors on a study about the research published in Nature Catalysis.

The new SMR reaction pathway leverages the 2011 discovery from the Halas and Nordlander labs at Rice that plasmons -- collective oscillations of electrons that occur when metal nanoparticles are exposed to light -- can emit "hot carriers" or high-energy electrons and holes that can be used to drive chemical reactions.

"We do plasmonic photochemistry -- the plasmon is really our key here -- because plasmons are really efficient light absorbers, and they can generate very energetic carriers that can do the chemistry we need them to much more efficiently than conventional thermocatalysis," said Yigao Yuan, a Rice doctoral student who is a first author on the study.




The new catalyst system uses copper nanoparticles as its energy-harvesting antennae. However, since the copper nanoparticles' plasmonic surface does not bond well with methane, rhodium atoms and clusters were sprinkled in as reactor sites. The rhodium specks bind water and methane molecules to the plasmonic surface, tapping the energy of hot carriers to fuel the SMR reaction.

"We tested many catalyst systems, but this one turned out to work best," Yuan said.

The research also shows that the antenna-reactor technology can overcome catalyst deactivation due to oxidation and coking by employing hot carriers to remove oxygen species and carbon deposits, effectively regenerating the catalyst with light. Nordlander said the key to this "remarkable effect was the clever placement of the rhodium," which is spread sparingly and unevenly across the surface of the nanoparticles.

For the most part, hydrogen is currently produced in large, centralized facilities, requiring the gas to be transported to its point of use. In contrast, light-driven SMR allows for on-demand hydrogen generation, a key benefit for use in mobility-related applications such as hydrogen fueling stations or even vehicles.

"This research showcases the potential for innovative photochemistry to reshape critical industrial processes, moving us closer to an environmentally sustainable energy future," Halas said.

The research was supported by the Robert A. Welch Foundation (C-1220, C-1222) and the Air Force Office of Scientific Research (FA9550-15-1-0022). The Shared Equipment Authority at Rice provided valuable insights and data analysis support.
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Researchers drive solid-state innovation for renewable energy storage | ScienceDaily
Oak Ridge National Laboratory scientists are developing a formula for success -- by studying how a new type of battery fails. The team's goal is the design for long-term storage of wind and solar energy, which are produced intermittently, enabling their broader use as reliable energy sources for the electric grid.


						
Batteries store and release energy as ions shift between electrodes, usually through a liquid electrolyte. However, ORNL researchers engineered a battery in which sodium ions travel through a more durable and energy-packed solid electrolyte made with enhanced conductivity.

Solid electrolytes are considered the next frontier of batteries, if scientists can address challenges such as understanding how they fail in high-demand conditions. The ORNL-led team ran the battery under high current or voltage within a powerful X-ray beam. At the Advanced Photon Source at Argonne National Laboratory, researchers observed ions depositing in pores of the electrolyte, eventually forming structures that cause a short circuit.

"We can use this information to understand how to improve this really promising solid electrolyte material that could support storing renewable energy for longer periods," said ORNL researcher Mengya Li.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241108113806.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Technology News
          
          	
            Sections
          
          	
            Society News
          
        

      

      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Engineers make converting CO2 into useful products more practical
        A new electrode design developed at MIT boosts the efficiency of electrochemical reactions that turn carbon dioxide into ethylene and other products.

      

      
        Children's gut bacteria may hold the key to diarrhea treatment
        Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.

      

      
        On the origin of life: How the first cell membranes came to exist
        Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms? New research has uncovered a plausible explanation involving the reaction between two simple molecules.

      

      
        Anti-fatberg invention could help unclog city sewers
        Engineers have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.

      

      
        Extreme weather accelerates nitrate pollution in groundwater
        Extreme weather from climate change, including droughts and heavy rains, may increase the risk of nitrates from fertilizers ending up in groundwater.

      

      
        Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease
        A research team reported recently that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

      

      
        Cell aging in one organ can snowball into multi-organ failure
        The aging and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.

      

      
        Key influenza-severity risk factor found hiding in plain sight on our antibodies
        Why do some people develop severe flu symptoms? A study points the finger at an unsung portion of the antibodies our immune systems generate to fend off invading pathogens.

      

      
        Robot identifies plants by 'touching' their leaves
        Researchers have developed a robot that identifies different plant species at various stages of growth by 'touching' their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.

      

      
        Bird brain from the age of dinosaurs reveals roots of avian intelligence
        A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.

      

      
        We may be overestimating the association between gut bacteria and disease, machine learning study finds
        Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.

      

      
        Pioneering research shows sea life will struggle to survive future global warming
        A new study highlights how some marine life could face extinction over the next century, if human-induced global warming worsens.

      

      
        Can we live on our planet without destroying it?
        How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? A new article tackles these questions.

      

      
        Building a diverse wildland fire workforce to meet future challenges
        Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.

      

      
        Fossil fuel CO2 emissions increase again in 2024
        Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research.

      

      
        From pets to pests: Researchers explore new tool to fight disease-carrying insects
        Researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.

      

      
        Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging
        Completely artificial proteins that produce bioluminescence can serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more.

      

      
        New study links air pollution with higher rates of head and neck cancer
        A recent study correlates higher levels of pollutant particulate matter to higher occurrences of head and neck aerodigestive cancer.

      

      
        Young coral use metabolic tricks to resist bleaching
        Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a new study.

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Facing the wind: How trees behave across various forest settings and weather events
        A recent study on Cryptomeria japonica plots shows that trees dissipate wind energy by switching between two swaying behaviors at specific wind speeds, offering insights that may help in improved forest management to minimize damage caused by storms.

      

      
        More than one third of Vietnam's mammal species are at risk of extinction, study finds
        A recent study highlights that over one-third of Vietnam's 329 mammal species are threatened with extinction.

      

      
        In unity towards complex structures
        When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.

      

      
        More evidence that Europe's ancient landscapes were open woodlands: Oak, hazel and yew were abundant
        A new study finds that the disturbance-demanding plant species oak, hazel and yew were abundant in Europe's forests before modern humans arrived, strengthening the argument that ancient vegetation was not the shady closed-canopy forests often imagined.

      

      
        One genomic test can diagnose nearly any infection
        A genomic test developed by researchers to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.

      

      
        Sleep is no light matter for bees
        Disrupted sleep cycles are a well known concern for human health and function, and now researchers have found similar impacts on insects. A new study has found that artificial light disrupts the circadian rhythms of honey bees and poses a threat to their essential role as pollinators.

      

      
        'Drowning' mangrove forests in Maldives signal global coastal threat
        Researchers have found evidence that mangrove forests -- which protect tropical and subtropical coastlines -- are drowning in the Maldives. Their finding indicate that rising sea level and a climate phenomenon known as the Indian Ocean Dipole have led to some Maldivian islands losing over half of their mangrove cover since 2020.

      

      
        Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets
        A new study finds that limiting global warming to 1.5 degrees Celsius is still possible, but some countries require support to meet their climate responsibilities. An 'additional carbon accountability' indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

      

      
        Machine learning predicts highest-risk groundwater sites to improve water quality monitoring
        An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.

      

      
        Using CRISPR to decipher whether gene variants lead to cancer
        Researchers have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.

      

      
        In greening Arctic, caribou and muskoxen play key role
        A new study highlights the importance of caribou and muskoxen to the greening Arctic tundra, linking grazing with plant phenology and abundance in the Arctic tundra.

      

      
        Bulges calculated in the supercomputer: How cells digest their internal canal system
        Inside cells, there exists an extensive system of canals known as the endoplasmic reticulum (ER), which consists of membrane-encased tubes that are partially broken down as needed -- for instance in case of a nutrient deficiency. As part of this process, bulges or protrusions form in the membrane, which then pinch off and are recycled by the cell. A study has examined this protrusion process using computer simulations. Its finding: certain structural motifs of proteins in the ER membrane play a c...

      

      
        First amber find on the Antarctic continent
        Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. Researchers have now made the southernmost discovery of amber in the world.

      

      
        Novel machine learning techniques measure ocean oxygen loss more accurately
        Using data from historic ship measurements and Argo floats, researchers introduced a machine learning technique that improves assessment and analysis of the ocean's declining oxygen levels.

      

      
        Using personal care products during and after pregnancy can increase exposure to toxic chemicals
        For people who are pregnant or nursing, more use of personal care products is associated with higher detectable levels of synthetic chemicals known to have adverse health effects, a new study found. The study found that using personal care products like nail polish, makeup and hair dye while pregnant or lactating is associated with significantly higher levels of per- and polyfluoroalkyl substances, known as PFAS, in blood plasma and breast milk.

      

      
        DNA packaging directly affects how fast DNA is copied in cells
        Researchers have found that the way DNA is packaged in cells can directly impact how fast DNA itself is copied during cell division. They discovered that DNA packaging sends signals through an unusual pathway, affecting the cell's ability to divide and grow. This opens up new doors to study how the copying of the DNA and its packaging are linked. These findings may help scientists to find therapies and medicines for diseases such as cancer in the future.

      

      
        Remarkable new swimming sea slug in the deep sea
        Researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Nicknamed the 'mystery mollusc,' the nudibranch Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence.

      

      
        'Sleepy cannabis': Cannabinol increases sleep, study suggests
        Research shows that a non-hallucinogenic marijuana constituent increases both REM and non-REM sleep in rats. Human trials are now under way.

      

      
        A new wrinkle in turtles: Their genomes fold in a unique way, researchers find
        A study described the three-dimensional architecture of turtle genomes, which fold in a configuration unlike any other animal observed so far.

      

      
        A milestone in the study of octopus arms
        Research describes a computational model that captures the intricate muscular architecture of an octopus arm.

      

      
        Fighting microplastics for a cleaner future
        Creating sustainable chemicals and developing better waste management will contribute to better sustainability. This research is part of figuring out how to make green hydrogen available for waste management using catalysts. The research uses solvents in low amounts that also act as hydrogen sources to break down a specific class of plastics called condensation polymers, which include polyethylene terephthalate (PET) bottles, packaging, textiles, and 3D printing.

      

      
        50 years of survey data confirm African elephant decline
        A study found large-scale declines of African elephants in the first continent-wide analysis of population survey data. Over 53 years of surveys, forest elephant populations decreased on average by 90%, and savanna elephant populations fell on average by 70%.

      

      
        Was 'Snowball Earth' a global event? Study delivers best proof yet
        A series of rocks hiding around Colorado's Rocky Mountains may hold clues to a frigid period in Earth's past when glaciers several miles thick covered the entire planet.

      

      
        Super microscope shows nanoscale biological process for the first time
        A new microscope is capable of live imaging of biological processes in such detail that moving protein complexes are visible.

      

      
        A new paradigm in high-speed photoacoustic small animal whole-body imaging
        A team develops high-speed rotational scanning PACT system for monitoring whole-body biodynamic.

      

      
        The Shellowship of the Ring: Two new snail species named after Tolkien characters
        Researchers have named two newly discovered freshwater snail species from Brazil after characters from The Lord of the Rings.

      

      
        Research team successfully produces microbial plastic to replace PET bottles
        Researchers have succeeded in developing a microbial strain that efficiently produces pseudoaromatic polyester monomer to replace polyethylene terephthalate (PET) using systems metabolic engineering.

      

      
        The mystery of 'selfish' B chromosomes in rye solved
        Some chromosomes, such as B chromosomes, can increase their inheritance rate to their own advantage. These extra chromosomes are found in many plants, animals, and fungi and rely upon various strategies to avoid being eliminated over time, as most organisms tend to remove non-essential genetic elements. However, the genetic mechanisms by which B chromosomes avoid elimination are poorly understood. Researchers have identified genes on the rye B chromosome, that are likely responsible for regulatin...

      

      
        Elephant seal colony declines one year after avian flu outbreak
        A year after an outbreak of H5N1 killed thousands of elephant seals in Argentina, only about a third of the seals normally expected here returned, scientists estimate.

      

      
        International canine gene research database accelerates biomedical research
        A new database covering over 100 different canine tissues can significantly enhance our understanding of hereditary diseases and provide valuable information for health research in both dogs and humans.
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Engineers make converting CO2 into useful products more practical | ScienceDaily
As the world struggles to reduce greenhouse gas emissions, researchers are seeking practical, economical ways to capture carbon dioxide and convert it into useful products, such as transportation fuels, chemical feedstocks, or even building materials. But so far, such attempts have struggled to reach economic viability.


						
New research by engineers at MIT could lead to rapid improvements in a variety of electrochemical systems that are under development to convert carbon dioxide into a valuable commodity. The team developed a new design for the electrodes used in these systems, which increases the efficiency of the conversion process.

The findings will be reported in the journal Nature Communications, in a paper by MIT doctoral student Simon Rufer, professor of mechanical engineering Kripa Varanasi, and three others.

"The CO2 problem is a big challenge for our times, and we are using all kinds of levers to solve and address this problem," Varanasi says. It will be essential to find practical ways of removing the gas, he says, either from sources such as power plant emissions, or straight out of the air or the oceans. But then, once the CO2 has been removed, it has to go somewhere.

A wide variety of systems have been developed for converting that captured gas into a useful chemical product, Varanasi says. "It's not that we can't do it -- we can do it. But the question is how can we make this efficient? How can we make this cost-effective?"

In the new study, the team focused on the electrochemical conversion of CO2 to ethylene, a widely used chemical that can be made into a variety of plastics as well as fuels, and which today is made from petroleum. But the approach they developed could also be applied to producing other high-value chemical products as well, including methane, methanol, carbon monoxide, and others, the researchers say.

Currently, ethylene sells for about $1,000 per ton, so the goal is to be able to meet or beat that price. The electrochemical process that converts CO2 into ethylene involves a water-based solution and a catalyst material, which come into contact along with an electric current in a device called a gas diffusion electrode.




There are two competing characteristics of the gas diffusion electrode materials that affect their performance: They must be good electrical conductors so that the current that drives the process doesn't get wasted through resistance heating, but they must also be "hydrophobic," or water repelling, so the water-based electrolyte solution doesn't leak through and interfere with the reactions taking place at the electrode surface.

Unfortunately, it's a tradeoff. Improving the conductivity reduces the hydrophobicity, and vice versa. Varanasi and his team set out to see if they could find a way around that conflict, and after many months of trying, they did just that.

The solution, devised by Rufer and Varanasi, is elegant in its simplicity. They used a plastic material, PTFE (essentially Teflon), that has been known to have good hydrophobic properties. However, PTFE's lack of conductivity means that electrons must travel through a very thin catalyst layer, leading to significant voltage drop with distance. To overcome this limitation, the researchers wove a series of conductive copper wires through the very thin sheet of the PTFE.

"This work really addressed this challenge, as we can now get both conductivity and hydrophobicity," Varanasi says.

Research on potential carbon conversion systems tends to be done on very small, lab-scale samples, typically less than 1-inch (2.5-centimeter) squares. To demonstrate the potential for scaling up, Varanasi's team produced a sheet 10 times larger in area and demonstrated its effective performance.

To get to that point, they had to do some basic tests that had apparently never been done before, running tests under identical conditions but using electrodes of different sizes to analyze the relationship between conductivity and electrode size. They found that conductivity dropped off dramatically with size, which would mean much more energy, and thus cost, would be needed to drive the reaction.




"That's exactly what we would expect, but it was something that nobody had really dedicatedly investigated before," Rufer says. In addition, the larger sizes produced more unwanted chemical byproducts besides the intended ethylene.

Real-world industrial applications would require electrodes that are perhaps 100 times larger than the lab versions, so adding the conductive wires will be necessary for making such systems practical, the researchers say. They also developed a model which captures the spatial variability in voltage and product distribution on electrodes due to ohmic losses. The model along with the experimental data they collected enabled them to calculate the optimal spacing for conductive wires to counteract the drop off in conductivity.

In effect, by weaving the wire through the material, the material is divided into smaller subsections determined by the spacing of the wires. "We split it into a bunch of little subsegments, each of which is effectively a smaller electrode," Rufer says. "And as we've seen, small electrodes can work really well."

Because the copper wire is so much more conductive than the PTFE material, it acts as a kind of superhighway for electrons passing through, bridging the areas where they are confined to the substrate and face greater resistance.

To demonstrate that their system is robust, the researchers ran a test electrode for 75 hours continuously, with little change in performance. Overall, Rufer says, their system "is the first PTFE-based electrode which has gone beyond the lab scale on the order of 5 centimeters or smaller. It's the first work that has progressed into a much larger scale and has done so without sacrificing efficiency."

The weaving process for incorporating the wire can be easily integrated into existing manufacturing processes, even in a large-scale roll-to-roll process, he adds.

"Our approach is very powerful because it doesn't have anything to do with the actual catalyst being used," Rufer says. "You can sew this micrometric copper wire into any gas diffusion electrode you want, independent of catalyst morphology or chemistry. So, this approach can be used to scale anybody's electrode."

"Given that we will need to process gigatons of CO2 annually to combat the CO2 challenge, we really need to think about solutions that can scale," Varanasi says. "Starting with this mindset enables us to identify critical bottlenecks and develop innovative approaches that can make a meaningful impact in solving the problem. Our hierarchically conductive electrode is a result of such thinking."

The research team included MIT graduate students Michael Nitzsche and Sanjay Garimella, as well as Jack Lake PhD '23. The work was supported by Shell, through the MIT Energy Initiative.
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Children's gut bacteria may hold the key to diarrhea treatment | ScienceDaily
Diarrhea claims the lives of 500,000 children each year in low- and middle-income countries. Now, Danish and Ethiopian researchers have linked chronic diarrhea to a specific pattern of gut bacteria, a discovery that could pave the way for new treatments capable of saving lives.


						
Our intestines are home to a microbiotic universe in which bacteria train our immune systems to be resilient, produce vitamins and transform the foods that we consume into beneficial compounds. Imbalances in this gut microbiome can be linked to various illnesses, including obesity, diabetes and diarrhea.

In developing countries, acute and chronic diarrhea is a widespread problem among children and leads to the deaths of half a million children under the age of five every year. Acute diarrhea often resolves on its own and can typically be treated with antibiotics. But once it progresses to a chronic form, it can leave children severely ill and underdeveloped, making treatment much harder. Until now, the cause of chronic diarrhea has remained unclear.

"Persistent diarrhea in adults can be extremely unpleasant but is rarely life-threatening. However, for a child, it can have lifelong consequences. While acute diarrhea has become much more treatable over the past fifty years, little progress has been made in treating the chronic type, which is what sparked our interest," explains Dennis Sandris Nielsen, a professor at the University of Copenhagen's Department of Food Science.

In a new study published in Nature Communications, Nielsen and his Ethiopian colleague Getnet Tesfaw mapped the gut microbiome of over 1,300 children under five years of age in Ethiopia. The study's main conclusion is clear: children with chronic or persistent diarrhea have significantly lower and different bacterial diversity compared to healthy children.

"Our results show a clear link between gut bacteria composition and the duration of diarrhea. Children with chronic diarrhea not only have more harmful bacteria, but notably fewer beneficial ones," explains Tesfaw, who will defend his PhD thesis on the topic later in November.

A vicious cycle of diarrhea

Researchers used DNA sequencing to identify various beneficial and harmful bacteria in stool samples. Results indicate that children with chronic diarrhea have an overrepresentation of harmful bacteria, such as Escherichia and Campylobacter, while the presence of beneficial bacteria, such as Faecalibacterium, is significantly reduced.




The study also revealed that children with chronic diarrhea lack bacteria that produce short-chain fatty acids, which are typically produced by beneficial bacteria and play an essential role in gut health.

Acute diarrhea is defined as lasting from one to six days, while chronic diarrhea persists for a week or more. According to Nielsen, the results indicate that chronic diarrhea develops if beneficial, short-chain fatty acids producing microbes are lost to an extent that the children's gut microbiomes for unkonwon reasons fail to recover from after for instance antibiotic treatment for acute cases.

"The progression into persistent diarrhea seems to be driven by a loss of beneficial bacteria. We do not yet know the exact cause, but we speculate that while antibiotics may be necessary to treat acute diarrhea, they also kill off good gut bacteria. As a result, children may enter a vicious cycle where chronic diarrhea takes over because they don't consume the right foods to restore these beneficial bacteria," the researcher explains.

Local "superfood" to the rescue

The new mapping of gut bacteria in children with chronic diarrhea offers a deeper understanding of the problem's causes and makes it easier to develop new, targeted treatments that could restore a healthy gut microbiome.

According to Tesfaw, the primary focus of treatment should be on designing an optimal diet to help restore the microbiome in affected children. Ideally, this diet would be familiar to the local population, accessible and sustainable. The researchers already have a potential main ingredient in mind.

"In Ethiopia, they have a superfood grain called teff, which is rich in nutrients and fiber. It clearly has the potential to serve as a dietary supplement that could help stop chronic diarrhea," says Nielsen.

However, further studies are needed, and the researchers hope to secure funding for a new research project in the near future.
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On the origin of life: How the first cell membranes came to exist | ScienceDaily
Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms?


						
New research from the lab of University of California San Diego Professor of Chemistry and Biochemistry Neal Devaraj has uncovered a plausible explanation involving the reaction between two simple molecules. This work appears in Nature Chemistry.

Life on Earth requires lipid membranes -- the structure of a cell that houses its interior mechanics and acts as a scaffold for many biological reactions. Lipids are made from long chains of fatty acids, but before the existence of complex life, how did these first cell membranes form from the simple molecules present on Earth billions of years ago?

Scientists believe that simple molecules of short fatty chains of fewer than 10 carbon-carbon bonds (complex fatty chains can have nearly twice that many bonds) were abundant on early Earth. However, molecules with longer chain lengths are necessary to form vesicles, the compartments that house a cell's complicated machinery.

While it may have been possible for some simple fatty molecules to form lipid compartments on their own, the molecules would be needed in very high concentrations that likely did not exist on a prebiotic Earth -- a time when conditions on Earth may have been hospitable to life but none yet existed.

"On the surface, it may not seem novel because lipid production happens in the presence of enzymes all the time," stated Devaraj, who is also the Murray Goodman Endowed Chair in Chemistry and Biochemistry. "But over four billion years ago, there were no enzymes. Yet somehow these first protocell structures were formed. How? That's the question we were trying to answer."

To uncover an explanation for these first lipid membranes, Devaraj's team started with two simple molecules: an amino acid named cysteine and a short-chain choline thioester, similar to molecules involved in the biochemical formation and degradation of fatty acids.




The researchers used silica glass as a mineral catalyst because the negatively charged silica was attracted to the positively charged thioester. On the silica surface, the cysteine and thioesters spontaneously reacted to form lipids, generating protocell-like membrane vesicles stable enough to sustain biochemical reactions. This happened at lower concentrations than what would be needed in the absence of a catalyst.

"Part of the work we're doing is trying to understand how life can emerge in the absence of life. How did that matter-to-life transition initially occur?" said Devaraj. "Here we have provided one possible explanation of what could have happened."

Full list of authors: Christy J. Cho, Taeyang An, Alessandro Fracassi, Roberto J. Brea and Neal K. Devaraj (all UC San Diego); Yei-Chen Lai, Alberto Vazquez-Salazar and Irene A. Chen (all UCLA).

This research was supported, in part, by National Science Foundation (EF-1935372) and the National Institutes of Health (R35-GM141939).
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Anti-fatberg invention could help unclog city sewers | ScienceDaily
Engineers from RMIT University have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.


						
Fat, oil and grease (known as FOG) -- infamous for solidifying inside pipes and concrete sewers -- causes half of all sewer blockages in the United States and 40% in Australia. The cost of these blockages in terms of maintenance and rehabilitation is estimated at US$25 billion in the US and A$100 million in Australia per year.

It is the mixture of fat, oil and grease with calcium and water in sewers that often leads to the formation of fatbergs. But the team's zinc-enhanced polyurethane coating offers a promising sustainable solution by reducing the release of calcium from concrete blocks by up to 80% compared with uncoated concrete.

The study led by Dr Biplob Pramanik mimicked a sewer environment under extreme conditions that rapidly sped up the fatberg formation process over 30 days.

It showed the coating reduced build-up of FOG on concrete by 30% compared to non-coated concrete.

"The reduction of fat, oil and grease build-up can be attributed to the significantly reduced release of calcium from coated concrete, as well as less sticking of FOG on the coating surface compared to the rough, uncoated concrete surface," said Pramanik, Director of Water: Effective Technologies and Tools (WETT) Research Centre at RMIT.

"Traditional coatings like magnesium hydroxide, widely used for over two decades, are effective in controlling sewer corrosion but can inadvertently contribute to FOG build-up by interacting with fatty acids."

The team's invention is stable in water and withstands temperatures of up to 850 degrees Celsius. It is also self-healing at room temperature, meaning it can repair any damage to itself and extend its lifespan.




"We drew inspiration from the regenerative capabilities observed in nature, including human skin's ability to heal itself," Pramanik said.

Co-researcher Dr Sachin Yadav said the team examined the healing performance of the coatings by inflicting surface scratches with a blade.

"The creation of surface scratches on the self-healing polyurethane coating sample triggered the healing process," Yadav said.

"After the healing period, we observed a noticeable improvement in the surface scratches."

Next steps

The team is developing an improved coating to achieve a greater reduction of FOG deposition in sewers by enhancing its self-healing capabilities and mechanical strength.




Pramanik is also the Chief Investigator for a recently announced ARC Linkage Project that will develop an advanced grease interceptor for restaurants and other food service establishments to remove small FOG particles more effectively than current technologies.

His team at RMIT is partnering with South East Water, VicWater, Water Research Australia, Barwon Region Water Corporation, Queensland Urban Utilities and water technology company ACO on the ARC Linkage Project.

"Novel hybrid coating material with triple distinct healing bond for fat oil and grease deposition control in the sewer system" is published in the Chemical Engineering Journal.
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Extreme weather accelerates nitrate pollution in groundwater | ScienceDaily
Extreme weather spurred by climate change, including droughts and heavy rains, may increase the risk of nitrates from fertilizers ending up in groundwater, according to a recent study from researchers at the University of California, Davis. The study found heavy rains after a drought caused nitrates to seep 33 feet under farm fields in as little as 10 days. The study was published in Water Resources Research.


						
"The conventional wisdom was that it could take several weeks to years for nitrates to move from the crop root zones to reach groundwater," said corresponding author Isaya Kisekka, a professor in the Departments of Land, Air and Water Resources and Biological and Agricultural Engineering. "We found these extreme events, such as California's atmospheric rivers, are going to move nitrate more quickly."

In this study, different methods were used to measure how much nitrate, a component of nitrogen fertilizer, was seeping down through the soil in a tomato and cucumber crop near Esparto, California. Scientists conducted their research from 2021 until 2023 when California was experiencing periods of drought followed by atmospheric rivers. They measured nitrate during both the growing seasons and the rainy seasons.

Drought can leave more nitrogen in soil

Previous studies have shown about 40% of nitrogen fertilizer used for vegetables isn't absorbed by the plants but remains in the soil. During droughts, crops don't use nitrogen efficiently, leading to excess nitrogen in the soil. This study found that if a drought is then followed by heavy rainfall, that sudden burst of water causes nitrate to seep in groundwater more quickly. The nitrate concentration in the shallow groundwater exceeded the U.S. Environmental Protection Agency maximum contaminant level of 10 milligrams per liter for drinking water.

"In California, we often say we swing between droughts and floods," said Kisekka. "These extreme events that come with climate change are going to make the risk of these chemicals ending up in our drinking water much more severe."

Groundwater is the primary source of drinking water for most of California's Central Valley. In some regions, such as the Tulare Lake Basin, nearly one-third of drinking and irrigation wells exceed the EPA's safe nitrate level. High nitrate levels in drinking water can increase health risks, especially for young children. It may also increase the risk of colorectal cancer.




Need for real-time soil nitrate monitoring

Central Valley farmers are required to report to the Regional Water Board how much nitrogen they applied to their field and how much was removed as part of the crop's yield. The study compared different ways of monitoring when nitrate from fertilizers seep into groundwater. Kisekka said the results highlight the need for affordable, real-time soil nitrate monitoring tools to help farmers manage fertilizer use efficiently.

By using conservation practices that limit leftover nitrates in the crop's root zone after harvest, farmers can help reduce nitrate contamination in groundwater.

This study's data will also help improve a model called SWAT, which is used to track nitrate seepage into groundwater across California's Central Valley. This effort is part of the Central Valley Water Board's program to regulate irrigated farmlands.

Other UC Davis authors include Iael Raij Hoffman, Thomas Harter and Helen Dahlke.

The study was supported by the USDA Natural Resource Conservation Service through its Conservation Effects Assessment Project. The national project is designed to assess the effectiveness of conservation practices across different watersheds. The study also had support from the USDA National Institute of Food and Agriculture.
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Human stem cell-derived heart cells are safe in monkeys, could treat congenital heart disease | ScienceDaily
Heart muscle cells grown from stem cells show promise in monkeys with a heart problem that typically results from a heart defect sometimes present at birth in humans, according to new research from the University of Wisconsin-Madison and Mayo Clinic.


						
Heart disease, the No. 1 killer of Americans, can affect people at any time across their lifespans -- even from birth, when heart conditions are known as congenital heart defects. Regenerating tissue to support healthy heart function could keep many of those hearts beating stronger and longer, and this is where stem cell research is stepping in.

A research team led by Marina Emborg, professor of medical physics in the UW-Madison School of Medicine and Public Health, and Timothy Nelson, physician scientist at the Mayo Clinic in Rochester, Minnesota, reported recently in the journal Cell Transplantation that heart muscle cells grown from induced pluripotent stem cells can integrate into the hearts of monkeys with a state of pressure overload.

Also referred to as right ventricular dysfunction, pressure overload often affects children with congenital heart defects. Patients experience chest discomfort, breathlessness, palpitations and body swelling, and can develop a weakened heart. The condition can be fatal if left untreated.

Nearly all single ventricle congenital heart defects, particularly those in the right ventricle, eventually lead to heart failure. Surgery to correct the defect is a temporary solution, according to the researchers. Eventually, patients may require a heart transplant. However, the availability of donor hearts -- complicated by the young age at which most patients require a transplant -- is extremely limited.

In their new study, the researchers focused on grafts of stem cell-derived cardiomyocytes as a possible complementary treatment to traditional surgical repair of cardiac defects. Their goal was to directly support ventricular function and overall healing.

"There is a great need for alternative treatments of this condition," says Jodi Scholz, the study's lead author and chair of Comparative Medicine at Mayo Clinic. "Stem cell treatments could someday delay or even prevent the need for heart transplants."

The researchers transplanted clinical-grade human induced pluripotent stem cells -- cells collected from human donors, coaxed back into a stem cell state and then developed into cell types compatible with heart muscle -- into rhesus macaque monkeys with surgically induced right ventricular pressure overload. The cells successfully integrated into the organization of the surrounding host myocardium, the muscular layer of the heart. The animals' hearts and overall health were closely monitored throughout the process. The authors noted that episodes of ventricular tachycardia (an increased heart rate) occurred in five out of 16 animals receiving transplanted cells, with two monkeys presenting incessant tachycardia. These episodes resolved within 19 days.




"We delivered the cells to support existing cardiac tissue," Emborg says. "Our goal with this particular study, as a precursor to human studies, was to make sure that the transplanted cells were safe and would successfully integrate with the organization of the surrounding tissue. We leveraged my team's experience with stem cells and cardiac evaluation in Parkinson's disease to assess this innovative therapeutic approach."

The research proved the feasibility and safety of using stem cells in the first nonhuman primate model of right ventricular pressure overload. Macaques, in particular, have been critical to advancing stem cell therapies for heart disease, kidney disease, Parkinson's disease, eye diseases and more.

"The demonstration of successful integration and maturation of the cells into a compromised heart is a promising step towards the clinical application for congenital heart defects," Emborg says.

The research was supported by the Todd and Karen Wanek Family Program for Hypoplastic Left Heart Syndrome and National Institutes of Health Grant P51OD011106 to the Wisconsin National Primate Research Center.
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Cell aging in one organ can snowball into multi-organ failure | ScienceDaily
The ageing and failure of cells that occurs when one part of the body is damaged can spread to other organs, a study suggests.


						
Scientists have shown for the first time that the deterioration of cells in a damaged liver can activate a process associated with ageing and impaired function, which then transmits to otherwise healthy organs elsewhere in the body.

They also identified a key protein that could be manipulated to prevent such multi-organ failure.

The findings could have major implications for our understanding of how diseases in different parts of the body interact with each other, and what happens as people age, experts say.

As the body gets older, cells become tired and stop working effectively. This process -- called cell senescence -- is a common effect of ageing but can also be triggered by diseases at any stage of life.

Senescence of liver cells following acute severe liver disease -- which can be caused by a number of diseases including viral infections or toxins such as paracetamol overdose -- can cause irreparable damage, leading to liver failure and can often lead to multi-organ failure.

The study, led by the University of Edinburgh and CRUK Scotland Institute, identified that in mice with sudden liver failure, once a large enough number of liver cells were damaged, senescence started to appear in other organs, including the kidneys, lungs and brain, causing them to fail.




Researchers identified a key biological pathway involving TGFb -- a protein linked to the immune system -- which, when blocked in mice, prevented the senescence in liver cells from spreading to other organs.

In the future, treatments to block this pathway could prevent multi-organ failure in patients with severe liver injury, experts say.

Levels of liver cell senescence were also a powerful indicator of disease outcome in patients with severe liver damage.

The study team examined liver tissue biopsies from 34 people with acute severe liver disease. High levels of liver cell senescence early in disease were linked to an increased risk of multi-organ failure and the need for liver transplantation.

There is currently no test to predict how sudden liver failure will progress when it begins. Monitoring liver cell senescence could help to identify those most at risk, including those likely to need a liver transplant, the research team says.

The study, principally funded by the Wellcome Trust and Cancer Research UK, is published in the journal Nature Cell Biology. The research team involved a collaboration between groups located at the CRUK Scotland Institute and those at Newcastle University and University College London.




The study's principal investigator, Professor Tom Bird of the University of Edinburgh's Centre for Inflammation Research and the CRUK Scotland Institute, said: "The implications of the findings are potentially very profound. This may be a means by which severe disease, even in a single organ, can snowball into the failure of many organs in the body. But it can also teach us about ways to prevent this happening, both in sudden disease and potentially in a range of diseases occurring over years or even decades as we age."

Professor Rajiv Jalan, Professor of Hepatology at University College London and partner of the study, said: "Our findings provide the first insight into why severe liver injury results in the failure of other organs, such as the brain and kidneys, and death. We were able to validate these novel and exciting observations in patients, providing a route to develop biomarkers that can be measured in the blood to identify those at risk, and new therapies to treat severe liver disease."

Morag Foreman, Head of Discovery Researchers at Wellcome, said: "This is an exciting set of findings, unlocking crucial new insights with the potential to transform our understanding of multi-organ failure. This opens new avenues of research into how our cells break down that could help us treat and prevent sudden, or even age-related, disease.

"We are pleased to have supported Professor Bird and team. This study marks a culmination of years of work, underlining the importance of long-term, discovery research and finding insights into life, health and wellbeing."
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Key influenza-severity risk factor found hiding in plain sight on our antibodies | ScienceDaily
Viruses are the fastest-evolving biological entity on earth. This fact explains why we need flu shots every year: Seasonal influenza perennially outwits the immunity we've acquired from previous vaccinations or infections.


						
Some new strains are rougher than others. The 1918 flu pandemic killed 50 million people and infected one-fifth of the world's population. Influenza pandemics also occurred in 1957, 1968 and 2009.

"Influenza remains an incredibly dangerous risk to global health," said Taia Wang, MD, PhD, associate professor of infectious diseases and of microbiology and immunology.

A team led by Wang has found that the relative abundance of a certain kind of sugar molecule on our antibodies -- the specialized proteins our immune systems cook up to block viruses and other microbes from entering our cells and replicating profusely once inside -- plays an outsized role in whether we become mildly ill rather than severely ill from a flu infection.

They've also figured out why. And they've demonstrated, in mice, how to head off severe flu symptoms regardless of which strain is on the march. That would come in handy in the event of the next large-scale flu outbreak -- and it may apply to other infectious diseases.

The findings, described in a study to be published online Nov. 13 in Immunity, may even help explain why older people are more susceptible to severe flu and many other diseases, infectious or otherwise.

Wang, a faculty member in Stanford Medicine's Institute for Immunity, Transplantation and Infection, is the study's senior author. Lead authors of the study are basic life research scientist Saborni Chakraborty, PhD; postdoctoral scholar Bowie Cheng, PhD; graduate student Desmond Edwards; and former graduate student Joseph Gonzalez, PhD.




Inflammation over replication

Sitting on the surface of some of our immune cells is a receptor, called CD209, that the study showed can dial down inflammation in response to a flu infection. Wang and her associates were able to kick that anti-inflammatory receptor into gear by fiddling with the composition of antibodies.

This didn't stop the virus from getting into lung cells and making copies of itself while inside the cells it invades. But it didn't have to.

Viruses furiously self-replicating inside our lung cells is not a good thing, obviously. But fatal cases of influenza infection are usually caused by an overwhelming inflammatory response to the infection, which exacerbates lung damage and prevents gas exchange, rather than by the virus alone, Wang said.

"We've discovered a new way to protect against severe influenza by shutting down this follow-on inflammation, regardless of ongoing viral replication," she said.

The experimental inflammation-lowering technique isn't limited to a single flu strain.




The antibody molecules circulating in our blood and known to immunologists as IgG (the acronym stands for "immunoglobin G") are roughly Y-shaped. The Y's horns are customized to cling to specific surface features of particular pathogens and, if the fit is snug enough and ties up the right part of the invading pathogen, prevent it from getting into cells.

The stalk of an antibody's Y-shaped structure is oblivious to whatever the horns are binding to. That stalk's job is to tell the rest of the immune system what to do. It can have differing affinities for various immune cells. And it can exert different effects on whichever immune cells it makes contact with, depending on the chemistry of a couple of long, bifurcated chains attached to its surface.

These chains' links are made of sugar -- granted, not the kind you'd find in a candy store. To carbohydrate scientists, the term "sugar" refers to nearly a dozen distinct but chemically similar substances our own bodies produce. Most of these sugars have names few of us have ever heard of. Sewed into or stapled onto larger molecules, they provide structural support, stability or signaling capability.

As many as four molecules of a particular sugar called sialic acid may get snapped into place as final links on an IgG molecule's branching sugar chains. How many actually do can make a big difference.

Enter the alveolar macrophage

Wang's study began by characterizing antibodies from people who did or did not become very sick after infection by H1N1, a common seasonal influenza subtype. The only significant difference the scientists observed between those who became mildly ill and those who were hospitalized was in the amount of sialic acid on infected individuals' antibodies. High levels correlated with mild symptoms; sicker patients' antibodies sported fewer sialic acid links.

Wang and her colleagues explored further, using bioengineered mice whose cells expressed human receptors for antibodies.

"We gave the mice human antibodies differing only in their sialic acid content," Wang said. Then the mice received what would ordinarily be a lethal dose of either of two very different seasonal influenza virus subtypes.

The sialic acid-rich antibodies, but not the others, protected the animals from both types of flu, evidently due to markedly reduced lung inflammation.

"The reduced inflammation led to better oxygen and carbon dioxide exchange," Wang said. "The lungs could keep doing their job."

The difference in sialic acid abundance had no effect on the virus's ability to replicate inside infected lung cells.

The scientists found that the high- and low-sialic acid antibodies were binding to entirely different receptors on the surfaces of immune cells called alveolar macrophages. These fierce sentinel cells, among other things, patrol the alveoli -- the tiny, delicate air sacs studding the surfaces of our lungs, through which oxygen from the air we breathe and carbon dioxide, a respiration byproduct, are exchanged.

When alveolar macrophages spy a pathogen, they gobble it up. They also signal the immune system to send in more troops. Usually that influx of additional immune cells is enough to quell the microbial invasion. But sometimes, ironically, the surplus of fired-up immune cells and the noxious substances they squirt out -- the essence of inflammation -- do more harm than good: They not only expunge virally infected cells but tear up healthy ones, too. That may cause even more inflammation.

Antibodies usually bind to pro-inflammatory receptors on alveolar macrophages, spurring downstream inflammatory activity. But higher levels of sialic acid on an antibody's stalk, the scientists proved, induces the antibody to bind to CD209 instead, shifting alveolar macrophages' mood to anti-inflammatory.

"CD209 has been shown to be anti-inflammatory in autoimmunity," Wang said. "But it's never before been implicated in calming our immune response to an infectious disease."

Analyses of alveolar macrophages' gene-activation levels showed that the same set of genes whose activity levels differed in flu-infected mice receiving high- versus low-sialic acid antibodies could be used to divide influenza patients into "mild" and "severe" categories.

Many of these genes are associated with mounting an inflammatory response. In particular, sialic acid-rich antibodies' binding to CD209 shut down activity of a famous inflammatory sparkplug called NF-kappa-B.

Who needs horns?

An antibody's horns can bind to only one or, at most, an extremely narrow range of pathogens. Yet, sialic acid-rich antibodies' beneficial dialing down of disease severity wasn't limited to a single flu strain. Nor did their benefits come from any clearing of the virus. It was purely the anti-inflammatory response that was reducing disease severity.

Wang said, "We wondered: Does this protection we see against highly different influenza-virus subtypes require the whole antibody? Are its horns even necessary? Or might the stalk alone be enough to protect against flu severity?

Fortunately, just such high-sialic acid antibody stalks are available, as they're under active clinical investigation for treating autoimmune disorders, which are also inflammatory in character. These stalks proved effective in preventing severe symptoms in flu-infected mice.

Wang's team is doing longitudinal studies in humans to see if sialic acid-enriched antibody stalks can predict risk of disease progression in influenza patients.

The findings' applications may extend beyond influenza, or lung infections in general, to numerous infectious diseases and even to a broad range of inflammatory conditions, she said.

"Age is the major factor differentiating people whose antibodies characteristically have high versus low sialic acid content," Wang said. The age-associated decline in sialic acid's abundance on people's antibodies may account in part for the observed high incidence of chronic low-level inflammation on older people, predisposing them to conditions ranging from heart trouble and strokes to Alzheimer's and Parkinson's disease to cancer and many other aging-associated diseases.

Wang is a consultant for Nuvig Therapeutics Inc., which is testing antibody stalks for treating autoimmunity and provided these reagents for use in this study.

Researchers from the University of California, San Diego; Nuvig Therapeutics Inc.; the University of Colorado; National Jewish Health; Washington University School of Medicine; the National Institutes of Health; and the Howard Hughes Medical Institute contributed to the work.

The study was funded by the National Institutes of Health (grants R01AI150214, R01AI173203, 75N93029C00051, 5U01AI144616, R01AI178298 and UL1TR001866) and the Howard Hughes Medical Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241113123311.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robot identifies plants by 'touching' their leaves | ScienceDaily
Researchers in China have developed a robot that identifies different plant species at various stages of growth by "touching" their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches, according to the study, published November 13 in the journal Device. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.


						
Eventually, large-scale farmers and agricultural researchers could use the robot to monitor the health and growth of crops and to make tailored decisions about how much water and fertilizer to give their plants and how to approach pest control, says Zhongqian Song, an associate professor at the Shandong First Medical University & Shandong Academy of Medical Sciences and an author of the study.

"It could revolutionize crop management and ecosystem studies and enable early disease detection, which is crucial for plant health and food security," he says.

Rather than making physical contact with a plant, existing devices capture more limited information using visual approaches, which are vulnerable to factors such as lighting conditions, changes in the weather, or background interference.

To overcome these limitations, Song and colleagues developed a robot that "touches" plants using a mechanism inspired by human skin, with structures working together in a hierarchical way to gain information through touch. When an electrode in the robot makes contact with a leaf, the device learns about the plant by measuring several properties: the amount of charge that can be stored at a given voltage, how difficult it is for electrical current to move through the leaf, and contact force as the robot grips the leaf.

Next, this data is processed using machine learning in order to classify the plant, since different values for each measure correlate with different plant species and stages of growth.

While the robot shows "vast and unexpected" potential applications in fields ranging from precision agriculture to ecological studies to plant disease detection, it has several weaknesses that have yet to be addressed, says Song. For example, the device is not yet versatile enough to consistently identify types of plants with complicated structures, such as burrs and needle-like leaves. This could be remedied by improving the design of the robot's electrode, he says.

"It may take a relatively long period of time to reach large-scale production and deployment depending on technological and market developments," says Song.

As a next step the researchers plan to expand how many plants the robot can recognize by collecting data from a wider variety of species, boosting the plant species database they use to train algorithms. The researchers also hope to further integrate the device's sensor so that it can display results in real time, even without an external power source, says Song.
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Bird brain from the age of dinosaurs reveals roots of avian intelligence | ScienceDaily
A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.


						
Researchers have identified a remarkably well-preserved fossil bird, roughly the size of a starling, from the Mesozoic Era. The complete skull has been preserved almost intact: a rarity for any fossil bird, but particularly for one so ancient, making this one of the most significant finds of its kind.

The extraordinary three-dimensional preservation of the skull allowed the researchers, led by the University of Cambridge and the Natural History Museum of Los Angeles County, to digitally reconstruct the brain of the bird, which they have named Navaornis hestiae. Navaornis lived approximately 80 million years ago in what is now Brazil, before the mass extinction event that killed all non-avian dinosaurs.

The researchers say their discovery, reported in the journal Nature, could be a sort of 'Rosetta Stone' for determining the evolutionary origins of the modern avian brain. The fossil fills a 70-million-year gap in our understanding of how the brains of birds evolved: between the 150-million-year-old Archaeopteryx, the earliest known bird-like dinosaur, and birds living today.

Navaornis had a larger cerebrum than Archaeopteryx, suggesting it had more advanced cognitive capabilities than the earliest bird-like dinosaurs. However, most areas of its brain, like the cerebellum, were less developed, suggesting that it hadn't yet evolved the complex flight control mechanisms of modern birds.

"The brain structure of Navaornis is almost exactly intermediate between Archaeopteryx and modern birds -- it was one of these moments in which the missing piece fits absolutely perfectly," said co-lead author Dr Guillermo Navalon from Cambridge's Department of Earth Sciences.

Navaornis is named after William Nava, director of the Museu de Paleontologia de Marilia in Brazil's Sao Paolo State, who discovered the fossil in 2016 at a site in the neighbouring locality of Presidente Prudente. Tens of millions of years ago, this site was likely a dry area with slow-flowing creeks, which enabled the fossil's exquisite preservation. This preservation allowed the researchers to use advanced micro-CT scanning technology to reconstruct the bird's skull and brain in remarkable detail.




"This fossil is truly so one-of-a-kind that I was awestruck from the moment I first saw it to the moment I finished assembling all the skull bones and the brain, which lets us fully appreciate the anatomy of this early bird," said Navalon.

"Modern birds have some of the most advanced cognitive capabilities in the animal kingdom, comparable only with mammals," said Professor Daniel Field from Cambridge's Department of Earth Sciences, senior author of the research. "But scientists have struggled to understand how and when the unique brains and remarkable intelligence of birds evolved -- the field has been awaiting the discovery of a fossil exactly like this one."

Before this discovery, knowledge of the evolutionary transition between the brains of Archaeopteryx and modern birds was practically non-existent. "This represents nearly 70 million years of avian evolution in which all the major lineages of Mesozoic birds originated -- including the first representatives of the birds that live today," said Navalon. "Navaornis sits right in the middle of this 70-million-year gap and informs us about what happened between these two evolutionary points."

While the skull of Navaornis somewhat resembles that of a small pigeon at first glance, closer inspection reveals that it is not a modern bird at all but instead a member of a group of early birds named enantiornithines, or the 'opposite birds.'

'Opposite birds' diverged from modern birds more than 130 million years ago, but had complex feathers and were likely competent flyers like modern birds. However, the brain anatomy of Navaornis poses a new question: how did opposite birds control their flight without the full suite of brain features observed in living birds, including an expanded cerebellum, which is a living bird's spatial control centre?

"This fossil represents a species at the midpoint along the evolutionary journey of bird cognition," said Field, who is also the Strickland Curator of Ornithology at Cambridge's Museum of Zoology. "Its cognitive abilities may have given Navaornis an advantage when it came to finding food or shelter, and it may have been capable of elaborate mating displays or other complex social behaviour."

"This discovery shows that some of the birds flying over the heads of dinosaurs already had a fully modern skull geometry more than 80 million years ago," said co-lead author Dr Luis Chiappe from the Natural History Museum of Los Angeles County.




While Navaornis is one of the best-preserved bird fossils ever found from the Mesozoic Era, the researchers believe many more finds from the Brazilian site where it was found could offer further insights into bird evolution.

"This might be just one fossil, but it's a key piece in the puzzle of bird brain evolution," said Field. "With Navaornis, we've got a clearer view of the evolutionary changes that occurred between Archaeopteryx and today's intelligent, behaviourally complex birds like crows and parrots."

While the discovery is a significant breakthrough, the researchers say it is only the first step in understanding the evolution of bird intelligence. Future studies may reveal how Navaornis interacted with its environment, helping to answer broader questions about the evolution of bird cognition over time.

Navaornis is the most recent in a quartet of Mesozoic fossil birds described by Field's research group since 2018, joining Ichthyornis, Asteriornis (the 'Wonderchicken'), and Janavis. The group's work on new fossil discoveries combined with advanced visualisation and analytical techniques have revealed fundamental insights into the origins of birds, the most diverse group of living vertebrate animals.

The research was supported in part by UK Research and Innovation (UKRI). Daniel Field is a Fellow of Christ's College, Cambridge.
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We may be overestimating the association between gut bacteria and disease, machine learning study finds | ScienceDaily
Many bacterial-linked illnesses, such as inflammatory bowel disease or colorectal cancer, are associated with an overgrowth of gut bacteria thought to be bad actors. But when researchers used a machine learning algorithm to predict the density of microbes -- called microbial load, from their gut microbiomes, they found that changes in microbial load, rather than the disease, could be a driver behind the presence of disease-associated microbial species.


						
The researchers report November 13, 2024, in the Cell Press journal Cell that differences in a patient's microbial load, which was found to be influenced by factors ranging from age, sex, diet, country-of-origin, and antibiotic use, was a key factor for bacterial signatures in fecal samples, even in disease patients.

"We were surprised to find that many microbial species, previously believed to be associated with disease, were more strongly explained by changes in microbial load," says Peer Bork of the European Molecular Biology Laboratory (EMBL) Heidelberg, one of the senior authors on the study. "This indicates that these species are mainly associated with symptoms like diarrhea and constipation, rather than being directly linked to the disease conditions themselves."

Microbial load has long been recognized as an important factor in microbiome research, but large-scale analysis has been largely limited due to the high cost and labor-intensive nature of experimental methods, which the investigators overcame with a machine-learning approach. They developed a prediction model for fecal microbial load based on the relative microbiome composition and applied it to a large-scale metagenomic dataset to explore its variation in health and disease.

"Measuring microbial load in fecal samples takes a lot of effort and we were glad to have access to two large metagenomic datasets where the microbial load had been experimentally measured," says Michael Kuhn, also of EMBL and the other senior author on the study. "With our approach, we want to generalize these data for the benefit of the larger field and with the tools we provide, microbial load can be predicted for all adult human gut microbiome studies."

The datasets the team generated for the research are thousands of metagenomes and experimentally measured microbial load in the EU-funded GALAXY (Gut-and-Liver Axis in Alcoholic Liver Fibrosis) and the Novo Nordisk Foundation's MicrobLiver projects. They also used metagenomes and microbial load data from a previously public MetaCardis study population. For exploratory datasets, they used tens of thousands of metagenomes from previous studies including populations from Japan and Estonia.

The team acknowledges limitations to the work. Because the analysis was based only on associations, they were not able to establish a clear direction of causality, nor could they provide mechanistic insight. Additionally, the method developed only applies to the human gut microbiome: Different training datasets are needed to predict the microbial load in other habitats.

Future research will focus on microbial species that are more directly associated with diseases, independent of microbial load, to better understand their roles in disease etiology and their potential use as biomarkers. Additionally, adapting this prediction model to other environments, such as ocean and soil microbiomes, could provide further insights into microbial ecology on a global scale.
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Pioneering research shows sea life will struggle to survive future global warming | ScienceDaily
A new study highlights how some marine life could face extinction over the next century, if human-induced global warming worsens.


						
The research, led by the University of Bristol and published today in Nature, compares for the first time how tiny ocean organisms called plankton responded, when the world last warmed significantly in ancient history with what is likely to happen under similar conditions by the end of our century.

Findings revealed the plankton were unable to keep pace with the current speed of temperature rises, putting huge swathes of marine life -- including fish which depend on these organisms for food -- in peril.

Lead author Dr Rui Ying, who led the project as part of his PhD in marine ecology at the University of Bristol, said: "The results are alarming as even with the more conservative climate projections of a 2degC increase, it is clear plankton cannot adjust quickly enough to match the much faster rate of warming which we're experiencing now and looks set to continue.

"Plankton are the lifeblood of the oceans, supporting the marine food web and carbon storage. If their existence is endangered, it will present an unprecedented threat, disrupting the whole marine ecosystem with devastating wide-reaching consequences for marine life and also human food supplies."

To reach this conclusion, the researchers developed a new model which allowed analysis of how plankton behaved some 21,000 years ago during the last Ice Age to be analysed alongside how they might act under future climate projections. By focusing on a specific plankton group which has existed throughout the ages, the modelling work offers unprecedented insights and levels of accuracy.

Dr Ying said: "The past is often considered key to understanding what the world could look like in future. Geological records showed that plankton previously relocated away from the warmer oceans to survive.




"But using the same model of ecology and climate, projections showed the current and future rate of warming was too great for this to be possible again, potentially wiping out the precious organisms."

Under The Paris Agreement, 196 nations agreed to limit the increase in the global average temperature to well below 2degC above pre-industrial levels and strive to limit the increase to 1.5degC. But a United Nations report last month warned the world faces as much as 3.1degC warming if governments do not take more action to reduce carbon emissions.

Co-author Daniela Schmidt, Professor of Earth Sciences at the University of Bristol, is a marine ecologist who has led multiple Intergovernmental Panel on Climate Change (IPCC) reports.

Prof Schmidt said: "This work emphasises the great risks posed by the dramatically fast climate and environmental changes the world is now facing. With these worrying trends set to worsen, there will be very real consequences for our ecosystems and people's livelihoods, including fishing communities. So the message is clear -- all nations must collectively and individually step up efforts and measures to keep global warming to a minimum."
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Can we live on our planet without destroying it? | ScienceDaily
With eight billion people, we use a lot of the Earth's resources in ways that are likely unsustainable. Klaus Hubacek, Professor of Science, Technology and Society at the University of Groningen, the Netherlands, takes stock of the situation. How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? It is possible, Hubacek shows, but it will require policies based on scientific evidence.


						
Our consumption patterns affect the environment, that much we know. A clear example is the concentration of carbon dioxide in the atmosphere. It has been rising at an increasingly faster rate since the 1960s, resulting in global warming, along with all its dire consequences. There is a limit to the amount of consumption the Earth can support, and in 2009, scientists defined nine 'planetary boundaries' as indicators of when we have reached that limit. Crossing them may lead to irreversible damage to the Earth's stability and resilience. These planetary boundaries include indicators such as ocean acidification and the global use of fresh water. In 2023, six of these planetary boundaries had already been crossed.

Hubacek has devoted his academic career to studying how humanity is performing in terms of these planetary boundaries, and what needs to change to prevent us from crossing them even further. According to him, 'the basic calculation is: given a certain number of people on the planet and the planetary boundaries, how much can we consume to stay inside these limits?'.

The divide between rich and poor

At the moment, the richest one per cent of the world's population produces 50 times more greenhouse gasses than the four billion people in the bottom 50 per cent. The divide between the rich and the poor on this planet is a common thread in Hubacek's work. He is one of the authors of a paper, published in the journal Nature on 13 November, that describes this issue. Using an extensive dataset covering up to 201 consumption groups across 168 countries, the paper analyses the impact of spending patterns on six key environmental indicators.

The analysis reveals how different consumer behaviours contribute to planetary transgressions, and concludes that if the world's top 20 per cent of consumers shifted their consumption habits toward more sustainable patterns found within their group, they could reduce their environmental impact by 25 to 53 per cent. The study also shows that changing consumption patterns in just the food and services sectors could help bring critical planetary boundaries back within safe limits.

Changing our lifestyle to stay within the boundaries

In previous papers, Hubacek researched specific solutions that could help us balance our lives to better deal with the planetary boundaries. In a study published last August, he showed that if a diet with less red meat and more legumes and nuts was adopted by the richest part of the world, food-driven emissions would fall by 17 per cent, even when the inhabitants of poorer nations increase their meat consumption.




And just last month, Hubacek co-authored a paper describing how the livestock sector is dangerously transgressing several of the planetary boundaries. The paper argues that any measures to counter this negative effect should be 'region-specific': 'Obviously, there will be differences. A plant-based diet is not suitable for traditional Mongolian nomads, who depend on yaks and their milk.'

Hubacek keeps pointing to solutions when he identifies transgressions of planetary boundaries. 'However, we shouldn't focus so much on creating new technical solutions, as there are already so many solutions which we don't implement,' he argues. 'And most governments subsidize bad behaviour.' For example, subsidies for fossil fuels globally are overcompensating for the mitigation effect that we achieve through carbon pricing such as carbon taxes and carbon trading schemes. 'And there are also many inconsistent policies, such as stimulating the use of heat pumps and, at the same time, raising the price of the electricity they use.'

It is possible

What Hubacek shows is that not all hope is lost: humanity can stay within the planetary boundaries. But it seems that there is little political will to tackle issues such as climate change. Hubacek: 'This worries me. And it causes real fear in the younger generation.' Hubacek underlines that his science is not activism-driven. 'I'm doing this work first and foremost because of my academic interest. But I also don't want to waste my time on something that is meaningless. What we need are evidence-based policies.'

Peipei Tian, Honglin Zhong, Xiangjie Chen, Kuishuang Feng, Laixiang Sun, Ning Zhang, Xuan Shao, Yu Liu & Klaus Hubacek: Keeping the global consumption within the planetary boundaries. Nature, 13 November 2024. 
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Building a diverse wildland fire workforce to meet future challenges | ScienceDaily
Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.


						
Every year around this time, California's wildland firefighters hold their breath as hot, dry winds threaten to spread flames across the state. As such conflagrations grow in size and severity throughout the Western U.S., the strain on fire managers has intensified. A new report from Stanford University's Climate and Energy Policy Program provides a blueprint for fostering a more inclusive, diverse and well-supported workforce to meet the increasing need for fire mitigation and management.

"The wellbeing of the wildland fire workforce has received national attention, yet recruitment and retention challenges specific to women, people of color, and other underrepresented groups in the field has too often been overlooked," said report coauthor Abigail Varney, a wildland fire fellow at the Stanford Doerr School of Sustainability and a federal wildland firefighter. "Expanding workforce capacity and effectiveness will require increased investment in more equitably supporting all of our firefighters."

The report addresses the cultural, structural, and capacity-related barriers that have historically prevented a more diverse group of people from entering and succeeding in the fire management field. Overcoming these obstacles will be critical to attracting and retaining a workforce capable of addressing the wildfire crisis, the authors write.

Overcoming barriers to change

Despite a growing recognition of the benefits of workforce diversity, the wildland fire profession remains largely homogenous. According to the U.S. Government Accountability Office, 84% of the federal fire management workforce identifies as male, and 72% identifies as white. The Stanford report points to several factors contributing to this lack of diversity, including implicit bias, inequitable career advancement opportunities, and a workplace culture that has historically marginalized women and people of color.

The report recommends several strategies to increase diversity and inclusivity in fire management. Among them: outreach efforts aimed at underrepresented populations, the creation of more inclusive onboarding processes, and the development of resources to support the families of firefighters.

Improving health equity and workplace culture

Wildland firefighters face numerous physical and mental health challenges, including exposure to hazardous environments, long hours, and high levels of stress. However, women and people of color may experience these health threats differently because of their specific needs or vulnerabilities. Among the report's recommendations for improving health equity: expanding insurance coverage for reproductive health services, including female-reproductive organ cancers in presumptive coverage legislation, and increasing mental health services that are gender- and culture-responsive.

Another crucial change, according to the report: promoting a workplace culture within fire management agencies that fosters an inclusive environment where all employees feel valued and supported. The authors recommend regular workplace culture assessments, as well as mandatory training programs to address implicit bias, harassment, and discrimination. "By taking the actions recommended in this report, lawmakers and fire management agencies will not just address barriers to recruitment and retention, but also help build a workforce that is well equipped and supported to meet the challenges ahead," said report coauthor Cassandra Jurenci, a wildfire legal fellow at the Stanford Law School.Coauthors of the paper also include Michael Wara, director of the Climate and Energy Policy Program at the Stanford Woods Institute for the Environment and Michael Mastrandrea, research director of the program. Wara and Mastrandrea are senior director for policy and director for policy, respectively, in the Stanford Doerr School of Sustainability's Sustainability Accelerator.
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Fossil fuel CO2 emissions increase again in 2024 | ScienceDaily
Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research by the Global Carbon Project science team.


						
The 2024 Global Carbon Budget projects fossil carbon dioxide (CO 2) emissions of 37.4 billion tonnes, up 0.8% from 2023.

Despite the urgent need to cut emissions to slow climate change, the researchers say there is still "no sign" that the world has reached a peak in fossil CO2 emissions.

With projected emissions from land-use change (such as deforestation) of 4.2 billion tonnes, total CO2 emissions are projected to be 41.6 billion tonnes in 2024, up from 40.6 billion tonnes last year.

Over the last 10 years, fossil CO2 emissions have risen while land-use change CO2 emissions have declined on average -- leaving overall emissions roughly level over that period.

This year, both fossil and land-use change CO2 emissions are set to rise, with drought conditions exacerbating emissions from deforestation and forest degradation fires during the El Nino climate event of 2023-2024.

With over 40 billion tonnes released each year at present, the level of CO2 in the atmosphere continues to rise -- driving increasingly dangerous global warming.




The research team included the University of Exeter, the University of East Anglia (UEA), CICERO Center for International Climate Research, Ludwig-Maximilian-University Munich, Alfred-Wegener-Institut and 80 other institutions around the world.

"The impacts of climate change are becoming increasingly dramatic, yet we still see no sign that burning of fossil fuels has peaked," said Professor Pierre Friedlingstein, of Exeter's Global Systems Institute, who led the study.

"Time is running out to meet the Paris Agreement goals -- and world leaders meeting at COP29 must bring about rapid and deep cuts to fossil fuel emissions to give us a chance of staying well below 2degC warming above pre-industrial levels."

Professor Corinne Le Quere, Royal Society Research Professor at UEA's School of Environmental Sciences, said: "Despite another rise in global emissions this year, the latest data shows evidence of widespread climate action, with the growing penetration of renewables and electric cars displacing fossil fuels, and decreasing deforestation emissions in the past decades confirmed for the first time."

Dr Glen Peters, of the CICERO Center for International Climate Research in Oslo, said: "There are many signs of positive progress at the country level, and a feeling that a peak in global fossil CO2 emissions is imminent, but the global peak remains elusive.

"Climate action is a collective problem, and while gradual emission reductions are occurring in some countries, increases continue in others.




"Progress in all countries needs to accelerate fast enough to put global emissions on a downward trajectory towards net zero."

Professor Friedlingstein added: "Until we reach net zero CO2 emissions globally, world temperatures will continue to rise and cause increasingly severe impacts."

Other key findings from the 2024 Global Carbon Budget include:
    	Globally, emissions from different fossil fuels in 2024 are projected to increase: coal (0.2%), oil (0.9%), gas (2.4%). These contribute 41%, 32% and 21% of global fossil CO2 emissions respectively. Given the uncertainty in the projections, it remains possible that coal emissions could decline in 2024.
    	China's emissions (32% of the global total) are projected to marginally increase by 0.2%, although the projected range includes a possible decrease in emissions.
    	US emissions (13% of the global total) are projected to decrease by 0.6%.
    	India's emissions (8% of the global total) are projected to increase by 4.6%.
    	European Union emissions (7% of the global total) are projected to decrease by 3.8%.
    	Emissions in the rest of the world (38% of the global total) are projected to increase by 1.1%.
    	International aviation and shipping (3% of the global total, and counted separately from national/regional totals) are projected to increase by 7.8% in 2024, but remain below their 2019 pre-pandemic level by 3.5%.
    	Globally, emissions from land-use change (such as deforestation) have decreased by 20% in the past decade, but are set to rise in 2024.
    	Permanent CO2 removal through reforestation and afforestation (new forests) is offsetting about half of the permanent deforestation emissions.
    	Current levels of technology-based Carbon Dioxide Removal (excluding nature-based means such as reforestation) only account for about one-millionth of the CO2 emitted from fossil fuels.
    	Atmospheric CO2 levels are set to reach 422.5 parts per million in 2024, 2.8 parts per million above 2023, and 52% above pre-industrial levels.
    	The effects of the temporary El Nino climate event also led to a reduction in carbon absorption by ecosystems on land (known as the land CO2 "sink") in 2023, which is projected to recover as El Nino ended by the second quarter of 2024.
    	Emissions from fires in 2024 have been above the average since the beginning of the satellite record in 2003, particularly due to the extreme 2023 wildfire season in Canada (which persisted in 2024) and intense drought in Brazil.
    	The land and ocean CO2 sinks combined continued to take up around half of the total CO2 emissions, despite being negatively impacted by climate change.

How long until we pass 1.5degC of global warming? 

This study estimates the remaining "carbon budget" before the 1.5degC target is breached consistently over multiple years, not just for a single year. At the current rate of emissions, the Global Carbon Budget team estimates a 50% chance global warming will exceed 1.5degC consistently in about six years. This estimate is subject to large uncertainties, primarily due to the uncertainty of the additional warming coming from non-CO2 agents (e.g., CH4, N2O, aerosols). However, it's clear that the remaining carbon budget -- and therefore the time left to meet the 1.5degC target and avoid the worst impacts of climate change -- has almost run out.

The Global Carbon Budget report, produced by an international team of more than 120 scientists, provides an annual, peer-reviewed update, building on established methodologies in a fully transparent manner. The 2024 edition (the 19th annual report) will be published in the journal Earth System Science Data on November 13 as a pre-print, and later as a peer-reviewed paper.
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From pets to pests: Researchers explore new tool to fight disease-carrying insects | ScienceDaily
Arkansas researchers are testing a product commonly used to treat ticks and fleas on pets to target fly and mosquito larvae with the goal of helping reduce the spread of diseases carried by these insects.


						
After switching to fluralaner as a veterinary medication for her dog, Emily McDermott, assistant professor of medical and veterinary entomology and a researcher for the Arkansas Agricultural Experiment Station, was curious about exploring other possible applications for it.

"The reason I put my dog on this fluralaner drug is because the spot-on treatments were not working very well," she said. "Fluralaner is exciting because it has a different mode of action than current insecticides."

The drug prevents insects' nerve cells from working properly, disrupting their nervous systems.

McDermott says previous studies had shown promising results when fluralaner was applied as a spray but that it's much more effective if ingested orally.

McDermott and Ph.D. student Blythe Lawson conducted research to find out if fluralaner would be effective as a larvicide and the best method to feed it to the larvae.

By treating larvae directly, they were able to use less chemicals and target specific areas where larvae are concentrated, reducing the need for widespread spraying and minimizing the risk of contaminating waterways and the environment.




The study "Successful yeast microencapsulation of fluralaner and its potential as a larvicide for vector control," was published in the Acta Tropica journal in August.

"Fluralaner is an up-and-coming synthetic chemical, and there's a lot of interest in expanding its use," Lawson said. "There's a big need for larvicides in the market; there are only a few for mosquitoes."

Flies and mosquitoes can carry diseases such as malaria, dengue and Zika virus. McDermott says disease vectors such as mosquitoes and flies have developed resistance to commonly used drugs and traditional methods often target adult insects. But Lawson and McDermott investigated ways to use fluralaner to target these insect's larvae before they develop into adults, which is when they are most likely to spread diseases or become pests.

"You can knock those populations down before they start causing problems," McDermott said.

Fluralaner is sold in chewable form for pets under the brand name Bravecto, currently the only labeled form of fluralaner in the United States.

The Trojan horse method

McDermott and Lawson used a yeast microencapsulation technique to investigate if fluralaner would work. They encapsulated yeast cells with the insecticide and then tested it on larvae of three species:
    	Common house fly -- Musca domestica
    	Asian tiger mosquito -- Aedes albopictus
    	Biting midge -- Culicoides sonorensis, the most common midge in much of eastern U.S.




McDermott and Lawson said the larvae of these species naturally consume microorganisms such as yeast, making the microencapsulation an ideal delivery method.

"It acts like a Trojan horse," Lawson said.

Their research showed fluralaner is effective and long-lasting as a larvicide. The study found that a single application of microencapsulated fluralaner could control mosquito larvae for five weeks and midge larvae for eight weeks.

"We compared our product to a couple of commercially available mosquito larvicides, and we found that it was as effective or more effective than the products that are currently on the market," McDermott said.

The study also found that a higher concentration is needed to kill off housefly larvae compared to mosquitoes or biting midges, which McDermott says was not surprising given that houseflies are larger.

However, McDermott said the midges seemed to be less sensitive to the larvicide than mosquitoes, which was not expected because the midge larvae are much smaller than the mosquito larvae.

"So, we do think there's a size component to this, but it's not just size -- there's something about the physiology of the insects as well," she said.

Future use

McDermott envisions this research will lead to the development of a product that could be used around households and trash collection sites, for example.

"The way our product is formulated is that after we encapsulate the active ingredient in the yeast, we freeze-dry it and get it back down to a powdered yeast form," she said. "We envision this product could be in a backpack sprayer, and you would spray it like any other kind of insecticide."

McDermott says her team is engaging with industry partners to move forward with this patent-pending technology.

'We're still several steps away from a commercial application," she said. "With further testing and development, this yeast-based larvicide could provide a new tool for vector-control efforts and public health."

This study was supported by Deployed Warfighter Protection Program Award No. W911QY2210003. The DWFP is a research program tasked with developing and testing management tools for pest and vector species that transmit diseases to deployed war-fighters. It's administered by the Armed Forces Pest Management Board and sponsored by the Department of Defense.
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Bioluminescent proteins made from scratch enable non-invasive, multi-functional biological imaging | ScienceDaily
Bioluminescence is the natural chemical process of light creation in some living creatures that makes fireflies flicker and some jellyfish glow. Scientists have long been interested in borrowing the secrets of these animals' light-producing genes to create similar effects in vertebrates, for a variety of biomedical applications.


						
UC Santa Cruz Assistant Professor of Biomolecular Engineering Andy Yeh is designing completely artificial proteins that produce bioluminescence to serve as a non-invasive method for bioimaging, diagnostics, drug discovery, and more. A new paper published in the flagship journal Chem reports on a new series of bioluminescent proteins designed by Yeh and his group, which are small, efficient, highly stable, and can produce multiple colors of light for real-time imaging in cellular and animal models.

This field of designing proteins that are not found in nature, called "de novo protein design," recently won a group of scientists the 2024 Nobel Prize in Chemistry, including David Baker, Yeh's post-doctoral advisor. The proteins described in this paper were created using deep learning protein design softwares developed by Baker's group, as well as protein structure prediction methods produced by DeepMind, whose founder also shared the Nobel Prize.

"We call this de novo protein design, because these proteins are computationally designed from scratch -- it's not found in nature and not even in the evolutionary trajectory. We demonstrated the use of the recently awarded Nobel Prize concept to build up new light-emitting enzymes, which serve as optical-based probes for biological studies," Yeh said.

Better imaging probes beyond fluorescence

Many researchers and clinicians use fluorescence imaging techniques to understand disease, aid in drug discovery, and more. Fluorescence probes require external excitation light to shine. When external light shines on a tissue, every cell responds, creating a lot of background light that makes it harder to distinguish whatever the researcher or clinician is looking for.

Bioluminescent imaging is different in that it is "excitation-free" -- the whole light emission process occurs on a chemical reaction level. Bioluminescence creates no background light response, making it much more effective for imaging features that may be deep within a tissue, like a tumor.




This paper shows that the researchers' light-emitting proteins work at the level of molecules, cells, and in a whole animal, making it more generalizable for different kinds of scientific research. It is especially suitable for non-invasive in vivo imaging because it can reveal information about biological processes deep within a tissue in real time without having to remove a sample from the body.

Visualizing multiple biological events

These specially designed proteins are "orthogonal," with their reaction center highly tailored to the shape of the designed light-emitting molecule. This means that the designer enzyme does not react with other similar molecules that a researcher or clinician may be using at the same time.

"The designed reaction is very specific, so it can be used in combination with existing light-emitting enzymes, because the enzyme recognizes a different molecule," Yeh said. "People already use light-emitting enzymes found in nature for a lot of biological research, and we are not reinventing the wheel. We are creating additional toolkits that work better and can be used in combination with the bioluminescence tools that the scientific community is familiar with."

Yeh and his team also developed a method to shift the color of the light emitted by the proteins. Typically, these enzymes shine blue light, but through an efficient energy transfer process, the researchers made it possible to emit green, yellow, orange, and red light. This would allow a researcher or clinician to monitor various different biological features, called "multiplexing," which is important for studying complex processes such as cancer development.

The new age of de novo protein design

De novo proteins are highly thermostable, meaning that they will not unfold at high temperatures, unlike other naturally occurring bioluminescent enzymes. A highly stable protein would be much easier to use for point-of-care diagnostics, as it would reduce the need for specialized shipping at low temperatures.

"We have now produced light-emitting enzymes with ideal protein folding that nature does not always need to optimize during evolution," Yeh said. "This is the first instance in which we demonstrated that artificial light-emitting enzymes can produce enough photons in vertebrate animals for bioimaging. The computational protein design methods are becoming better and better, and so will the enzymes we design. I believe it is very true what David Baker said: this is just the beginning of de novo protein design."
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New study links air pollution with higher rates of head and neck cancer | ScienceDaily

The article, "Air Pollution Exposure and Head and Neck Cancer Incidence," is the work of a multi-institutional collaboration with researchers from Wayne State University, Johns Hopkins University and Mass General Brigham.

The study was led by John Cramer, Ph.D., associate professor of otolaryngology, and John Peleman, M.D., medical resident in the Department of Otolaryngology, in the Wayne State University School of Medicine. They collaborated with Mass General Brigham, an integrated academic health care system.

"There has been previous research on air pollution, but the effects mostly were connected to cancers within the lower respiratory system," said Cramer. "Head and neck cancer is a harder link to show, and it has a much lower occurrence than lung cancers, but since they also occur as a result of smoking, similar to lung cancers, we wanted to explore any connections. Presumably, the link to head and neck cancer comes from what we breathe to that material affecting the lining in the head and neck. We see a lot of occurrences of where carcinogens touch or pool in the body to where cancers can occur."

"While there has been substantial research investigating the effects of air pollutants on lung disease, few studies have focused on air pollution exposure as a risk factor for the upper airway, including the development of head and neck cancer," said senior author Stella Lee, M.D., of the Center for Surgery and Public Health and Division of Otolaryngology-Head & Neck Surgery at Brigham and Women's Hospital, a founding member of the Mass General Brigham health care system. "These findings shed light on the significant role of environmental pollution in cancers of the upper aerodigestive tract, highlighting the need for further awareness, research and mitigation efforts."

Their research used data from the U.S. Surveillance Epidemiology and End Results (SEER) national cancer database from the years 2002-12. Cramer observed the highest association between this type of pollution exposure with head and neck cancer after a five-year lag period. They focused on PM2.5, which is particulate matter measuring less than 2.5 microns, and its effect on head and neck aerodigestive cancer incidence.

"We are looking at a certain size of air pollution particulates," said Cramer. "The size of the particles is relevant because the classic model for studying the upper airways is that the nose and throat act as filters before it gets into the lungs. Larger particles are being filtered out, but we are conceptualizing that different types of pollution hit different parts of the airways."

Cramer hopes to expand their research by taking other data sets into account. He hopes that by showing this research to the public, it could help guide policy as well as aid treatment in the future.

"Environmental health and personal health are inextricably linked," said co-author Amanda Dilger, M.D. of CSPH and Massachusetts Eye and Ear, a member of the Mass General Brigham health care system. "Our study highlights the need to improve air quality standards in order to decrease the risk of developing cancer, including head and neck cancer."
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Young coral use metabolic tricks to resist bleaching | ScienceDaily
Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a study published November 12 in the open-access journal PLOS Biology by Ariana S. Huffmyer of the University of Washington, US, and colleagues.


						
High ocean temperatures cause coral bleaching, which results from the disruption of the relationship between corals and their symbiotic algae, an increasing concern as global temperatures rise. However, relatively little research has examined the effects of high temperatures during early life stages of corals.

In this study, Huffmyer and colleagues exposed coral larvae to high temperatures at the Hawai'i Institute of Marine Biology. For three days during their first week of development, the larvae and their algal symbionts were treated to temperatures 2.5 degrees Celsius above ambient temperature, similar to expected changes in seawater due to climate change. The coral larvae showed no signs of bleaching in the heated water, and they were able to maintain rates of algal photosynthesis and the supply of carbon-based nutrition from the algae to the host. However, there was a 19% reduction in coral metabolism, as well as increased uptake and storage of nitrogen by the coral, both of which are apparent strategies that improve coral survival.

Reduced metabolism allows the coral to conserve energy and resources, also seen in adult corals during bleaching. The change in nitrogen cycling seems to be an adaptation by the coral to limit the amount of nitrogen available to the algae, thus preventing algal overgrowth and the destabilization of the coral-algae relationship.

It remains unclear how effective these strategies are at higher temperatures and for longer durations. Further research into the details and limitations of coral reaction to high temperatures will provide crucial knowledge for predicting coral response and protecting coral reefs as global temperatures continue to rise.

The authors add, "This research reveals that coral larvae must invest in their nutritional partnership with algae to withstand stress, offering key insights into strategies to avoid bleaching in earliest life stages of corals."
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.
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Facing the wind: How trees behave across various forest settings and weather events | ScienceDaily
Destructive winds during storms and cyclones often cause tree failures, especially through uprooting and stem breakage. However, how trees respond to wind under various forest configurations and weather conditions remains unclear. A recent study on Cryptomeria japonica plots shows that trees dissipate wind energy by switching between two swaying behaviors at specific wind speeds, offering insights that may help in improved forest management to minimize damage caused by storms.


						
Extreme weather events, such as tropical and extratropical cyclones and tornadoes, can cause widespread damage to forests, leading to environmental and financial losses. When trees fall during these storms, ecosystems might be disrupted, increasing forest management costs. As climate change worsens, severe storms are expected to become more frequent, making it crucial to understand how forests respond to wind stress.

Grasping the mechanisms behind tree failure is key to developing strategies for mitigation. While previous studies have explored how trees react to wind, it is unclear whether these responses remain consistent across different forest configurations -- characterized by tree spacing and density -- and weather conditions.

In this vein, a team of researchers led by Associate Professor Kana Kamimura from the School of Science and Technology at Shinshu University, Japan, investigated tree movements under various forest configurations and weather conditions, including how trees resist winds. The research team included Kazuki Nanko, Asako Matsumoto, and Saneyoshi Ueno from the Forestry and Forest Products Research Institute, Japan, and Barry Gardiner from the University of Freiburg, Germany, and the Institut Europeen de la Foret Cultivee, France. This paper was made available online on August 27, 2024, and was published on November 1, 2024, in Volume 571 of Forest Ecology and Management.

Explaining their motivation behind the study, Prof. Kamimura says, "Several techniques have been developed to predict wind damage. However, they largely depend on empirical data and parameters, and overlook how wind damage occurs. Our research aims to shed light on how winds directly impact trees and how trees reduce the stress from winds to survive."

To achieve this, researchers set up two experimental plots of Cryptomeria japonica trees, commonly known as the Japanese cedar, in November 2017 in the experimental forests operated by the Forestry and Forest Products Research Institute, Kasumigaura City, Japan. In the first plot, P-100 consisted of 3,000 trees per hectare, creating a dense forest. In the second plot, P-50, half of the trees were removed for this research, leaving 1,500 trees per hectare to mimic thinning practices. Over two years, the team monitored 24 trees in the dense plot and 12 in the thinned plot, using trunk-mounted sensors to track tree sway during various wind conditions. The monitoring period included multiple typhoons, such as Typhoon Trami, in 2018, which caused significant damage to the thinned plot.

The researchers found that cedar trees exhibit two distinct swaying patterns depending on wind speed. In light winds, the trees swayed at around 2 to 2.3 cycles per second, with their branches absorbing much of the wind energy, protecting the trunks and roots from wind stress. However, at higher wind speeds, the trees shifted to a slower swaying pattern of 0.2 to 0.5 cycles per second. In this phase, the whole tree swayed together, transferring force across the trunk and roots, increasing the probability of breakage or uprooting.




Interestingly, the transition between these two swaying modes occurred at different wind speeds, depending on the forest density. In the dense plot, the trees switched patterns at wind speeds between 1.79 and 7.44 meters per second. In contrast, in the thinned plot, the transition occurred at slightly lower wind speeds, ranging from 1.57 to 5.63 meters per second.

Using an uprooted tree as a reference, researchers assessed the resistance to damage in the thinned P-50 over a 10-minute period during Typhoon Trami. They found that the actual resistance was only 48% of the expected resistance estimated through controlled tree-pulling experiments.

Prof. Kamimura elaborates, "The 52% difference between actual and expected resistance values was likely due to the roots weakening because of strong winds, even before the winds became more severe. This root fatigue occurred because the trees moved more due to less support from nearby trees and more wind penetrating the plot." This also explains why the trees in the dense P-100 were not damaged during Typhoon Trami.

This study offers valuable insights for balancing thinning with wind resistance in forest management to support sustainable forestry practices, and help forests withstand extreme climate changes. While thinning promotes tree growth, it can also make forests more vulnerable to storms, especially soon after thinning. Prof. Kamimura concludes, "With more frequent storms in a changing climate, forest management practices must adapt to maintain resilience."
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More than one third of Vietnam's mammal species are at risk of extinction, study finds | ScienceDaily
A recent study highlights that over one-third of Vietnam's 329 mammal species are threatened with extinction. Conducted by German scientist Hanna Hoffner of the University of Cologne and Cologne Zoo, alongside an international team, the research underscores Vietnam's vital but fragile position as a biodiversity hub within the Indo-Burma Biodiversity Hotspot.


						
Published in the open-access journal Nature Conservation, the study reveals that 112 mammal species in Vietnam face extinction, despite most being found in at least one protected area. Some micro-endemic species, such as Murina harpioloides, are particularly vulnerable as they are not present in any protected sites.

Around 40% of the threatened species lack ex situ conservation (zoo conservation breeding) programs, increasing their risk of extinction. Iconic species like the saola (Pseudoryx vuquangensis), the silver-backed chevrotain (Tragulus versicolor), and the large-antlered muntjac (Muntiacus vuquangensis) are among the Critically Endangered taxa at risk.

The study advocates for the IUCN's "One Plan Approach" to species conservation, which calls for combining different expertise and integrated in situ and ex situ management strategies. Establishing assurance colonies in zoos and increasing connectivity between isolated protected areas are critical recommendations for safeguarding Vietnam's unique mammal diversity.

By building up ex situ populations for threatened taxa, zoos can help to literally "buy time" and act as modern arks that can contribute with later releases according to the IUCN's "Reverse the Red" conservation campaign. Ex situ species holding data by Species360 are now also integrated in the IUCN Red List species' chapters (a "One Plan" approach to species data).

Vietnam is home to a rich array of mammals, including 36 endemic species and nine micro-endemic taxa. Its primate fauna is particularly noteworthy, with 28 species, the highest number in mainland Southeast Asia. This includes the endemic tonkin snub-nosed monkey (Rhinopithecus avunculus) and Delacour's langur (Trachypithecus delacouri).

Northern Vietnam and the Annamite Mountain Range are biodiversity hotspots, hosting species such as the Critically Endangered Cao-vit gibbon (Nomascus nasutus), the southern white-cheeked gibbon (Nomascus siki) and the red-shanked douc (Pygathrix nemaeus).

The study calls for prioritising the "One Plan Approach" to conservation of highly threatened species, reassessing Data Deficient species, and enhancing habitat connectivity. The conservation campaign VIETNAMAZING by EAZA (European Association of Zoos and Aquaria) currently highlights Vietnam's biodiversity treasure and advocates for improved conservation of threatened mammal species.
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In unity towards complex structures | ScienceDaily
When active filaments are exposed to localized illumination, they accumulate into stable structures along the boundaries of the illuminated area. Based on this fact, researchers at the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) developed a model that can be used to simulate the self-organization of thread-like living matter. This model provides important insights for potential technical applications in the formation of structures.


						
Filamentous cyanobacteria aggregate in areas with favorable light conditions and use the light energy for photosynthesis. Typically, these microorganisms form long filaments consisting of many cells. However, the thread-like structures can only move forward or backward -- when leaving the illuminated area, they reverse their movement and thus remain in the light. Scientists at MPI-DS have investigated the resulting organizational structures. It was found that only the mutual interaction of several filaments causes the cyanobacteria to align themselves along the inner edge of the illuminated surface, thereby forming stable structures.

To do this, the researchers prepared and illuminated several cultures of cyanobacteria in Petri dishes. Using slides, they created different light patterns and subsequently observed the self-organization of the bacteria. With a circular light pattern, the bacteria mainly gathered at the edge of the illuminated area. Likewise, when the illuminated area was triangular, trapezoidal or otherwise shaped, characteristic patterns of filaments near the edge of the light emerged. "The remarkable thing is that the bacteria also arrange themselves along complex structures and curves, although they can only move back and forth," says Stefan Karpitschka, group leader at MPI-DS and professor at the University of Konstanz. "This is a typical example of emergence -- a characteristic overall structure arises independently at a higher level from the individual behavior of a single filament," he continues.

The insights gained from the scientists' experiments and the resulting model can also be applied to living matter with comparable morphology. "The model does not include any specific details regarding the biology of the bacteria," says Leila Abbaspour, joint first author of the study together with Maximilian Kurjahn. "This collective effect can thus also be observed in similar systems and enable active filaments to structure themselves according to sensory cues from their environment despite one-dimensional motility," Kurjahn continues.

The results of this study therefore provide important insights that may be used in the design of so-called smart textiles or materials, for example. These novel structures and tissues are also based on the arrangement of individual fibers and active filaments. Such mechanisms of self-assembly may thus enable the development of new innovative materials.
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More evidence that Europe's ancient landscapes were open woodlands: Oak, hazel and yew were abundant | ScienceDaily
In 2023, a research group from Aarhus University in Denmark found that light woodland and open vegetation dominated Europe's temperate forests before Homo sapiens.


						
In a new study, recently published in Journal of Ecology, they take a closer look at the composition of these forests.

The results show that European wildwoods were rich in hazel, oak, and yew -- species thriving in dynamic semi-open ecosystems rather than in classic dense forests.

"Often, we imagine established forests as dense, closed spaces where light-demanding species like oak and short-statured species like hazel and yew were rare. Our results challenge this view, showing that oak, hazel, and yew consistently thrived in these ancient woodlands, further supporting a picture of a semi-open, mosaic-like vegetation," explains Dr Elena Pearce, lead author and postdoc at the DNRF Center for Ecological Dynamics in a Novel Biosphere (ECONOVO), Department of Biology, Aarhus University.

Plants as detectives

The team looked to oak, hazel, and yew as "detectives" of ancient forest life, revealing clues about how past woodlands were structured.

For instance, hazel shows stronger pollen and flower production in sunlit areas, oak resprouts vigorously after browsing, and yew, while somewhat shade-tolerant, requires semi-open conditions to avoid competition from taller trees. In fact, all three taxa tend to decline in tall, shady forests. Yew is also extremely sensitive to fire but can coexist with large megafauna species such as horses, oxen, or likely even larger animals, due to its high toxicity, which deters extensive browsing.




Large herbivores as nature's landscape architects

The researchers used the REVEALS model for pollen-based reconstructions to analyse the prevalence of oak, hazel, and yew in two key periods: the Last Interglacial (129,000-116,000 years ago) and the early-to-mid Holocene (8700-5700 years ago). See fact box.

By further investigating forest composition, they revealed that open and semi-open vegetation supported diverse species combinations that would have struggled in closed-canopy environments.

Rather than natural fires or climate regimes causing openness, these new results suggest that large herbivores played a leading role in maintaining open and semi-open landscapes. Yew's sensitivity to fire highlights this, as it would have struggled to thrive in fire-prone systems yet persisted in ancient woodlands where herbivores likely kept forests dynamic and open.

"These species tell us that ancient forests were not uniformly dominated by tall shade-giving trees but must have been composed by a dynamic mix of open, semi-open and closed areas, providing a high diversity of habitats," says Professor Jens-Christian Svenning, senior author and director of ECONOVO.

Modern nature management inspired by the past

The implications go beyond historical ecology. Semi-open woodlands may have played a critical role in Europe's biodiversity, creating habitats for species adapted to a variety of conditions.




"Our findings provide a new perspective on ancient ecosystems and highlight the need to maintain semi-open woodlands today. These environments support a diverse mix of plants and animals, and understanding them can help to inform rewilding efforts," says Dr Pearce.

The study also highlights how open, dynamic woodlands might contribute to climate resilience and biodiversity gains.

"As we face global challenges like warming temperatures, climatic extreme events and rising tree pest invasions, creating dynamic, varied woodland mosaics is likely to provide more robust ecosystems functions and biodiversity benefits than conventional dense forest plantings," says Professor Svenning.

Semi-open forests allow for diverse plant species, which in turn provide essential functions like carbon storage, pollinator habitats, and broader biodiversity maintenance. Reforestation strategies that recreate these semi-open, dynamic woodland structures likely better align with future climatic and ecological challenges, guiding sustainable forest management in Europe and beyond.
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One genomic test can diagnose nearly any infection | ScienceDaily
A genomic test developed at UC San Francisco to rapidly detect almost any kind of pathogen -- virus, bacteria, fungus or parasite -- has proved successful after a decade of use.


						
The test has the potential to vastly improve care for neurological infections that cause diseases like meningitis and encephalitis, as well as speed up the detection of new viral pandemic threats. It uses a powerful genomic sequencing technique, called metagenomic next-generation sequencing (mNGS).

Rather than looking for one type of pathogen at a time, mNGS analyzes all the nucleic acids, RNA and DNA, that are present in a sample.

"Our technology is deceptively simple," said Charles Chiu, MD, PhD, professor of laboratory medicine and infectious diseases at UCSF and senior author of the study. "By replacing multiple tests with a single test, we can take the lengthy guesswork out of diagnosing and treating infections."

The researchers originally developed a clinical mNGS test to analyze cerebrospinal fluid (CSF), the pristine liquid that bathes the brain and spinal cord.

The test has now been performed on thousands of patients with unexplained neurological symptoms, both at UCSF and other hospitals across the country.

In a paper that appears Nov. 12 in Nature Medicine, the team demonstrated that the mNGS test correctly identified 86% of neurological infections.




In a companion study published the same day in Nature Communications, the team also used mNGS to identify pathogens in respiratory fluid that can cause pneumonia, and automated it to get results faster.

They expect that the automated test will be able to detect novel viral pathogens that could cause respiratory pandemics like COVID-19.

A breakthrough in diagnosing rare, infectious neurological disease 

Neurological diseases can be very hard to diagnose, especially when the cause is a rare or previously unknown pathogen. In many cases, each day without a diagnosis means a continual worsening of a patient's condition.

In the early 2010s, Chiu, along with UCSF colleagues Joe DeRisi, PhD, and Michael Wilson, MD, developed a novel metagenomic sequencing method to test CSF for potential pathogens causing neurologic infections.

The test works by sequencing all the genetic material in CSF, then running a computational analysis pipeline to separate human sequences from those that originate from bacteria, viruses, fungi or parasites.




In 2014, the team used the technology to help doctors in Wisconsin treat a young boy who was critically ill in the intensive care unit with an undiagnosed infection.

A long series of tests had failed to find out what was wrong with him, but UCSF's test took just 48 hours to reveal that the boy had leptospirosis, which is treatable with penicillin. His doctors gave it to him, and he fully recovered.

The mNGS test soon became routine at UCSF, with hospitals and clinics nationwide sending samples to be processed by the UCSF Clinical Microbiology Laboratory, of which Chiu is the director.

Between 2016 and 2023, the UCSF team analyzed nearly 5,000 CSF samples with the test, 14.4% of which turned out to have an infection. In those samples, the test accurately identified the pathogen 86% of the time.

"Our mNGS test performs better than any other category of test for neurologic infections," Chiu said, "The results support its use as a critical part of the diagnostic armamentarium for physicians who are working up patients with infectious diseases."

To increase access to this technology, Chiu, DeRisi, Wilson and others helped found Delve Bio, which is now the exclusive provider of the mNGS CSF test developed at UCSF.

"These findings support including mNGS as a core tool in the clinical workup for CNS infections," said Steve Miller, MD, PhD, chief medical officer of Delve Bio. "mNGS offers the single most unbiased, complete and definitive tool for pathogen detection. Thanks to its ability to quickly diagnose an infection, mNGS helps guide management decisions and treatment for patients with meningitis and encephalitis, potentially reducing healthcare costs down the line."

Preparing for the next pandemic 

If it is going to serve as an early-warning system for pandemics, the mNGS test must be fast. Chiu and his colleagues have adapted it to work with respiratory fluid and figured out how to automate it.

Whereas the CSF test entails more than 100 separate steps and can take 2 to 7 days to process, the respiratory test requires just 30 minutes of hands-on time before robots and algorithms can take over.

"Our goal was to have the entire process completed within 12 to 24 hours, giving a same-day or next-day result," Chiu said.

In the Nature Communications study, the researchers demonstrated that the test could detect respiratory viruses with pandemic potential, including SARS-CoV-2, influenza A and B, and RSV in less than a day, even when there were only small amounts of virus present in a sample.

They also modeled the technology's ability to detect divergent viruses -- or newly-evolved strains -- and found that it could hypothetically detect all of them, should they emerge in the future.

Both the CSF and respiratory versions of the mNGS test have received breakthrough device designation from the U.S. Food and Drug Administration (FDA).

Authors: For the Nature Medicine paper, other UCSF authors are Patrick Benoit, MD, Noah Brazer, Mikael de Lorenzi-Tognon, MD, PhD, Emily Kelly, MD, MS, Venice Servellita, MS, Miriam Oseguera, Jenny Nguyen, MD, MA, Jack Tang, MHS, Charles Omura, Jessica Streithorst, PhD, Melissa Hillberg, Danielle Ingebrigtsen, MHS, Kelsey Zorn, MHS, and Michael R. Wilson, MD. For all authors, see the paper.

For the Nature Communications paper, other UCSF authors are Jessica Karielle Tan, PhD, Venice Servellita, MS, Doug Stryke, Emily Kelly, MD, MS, Jessica Streithorst, PhD, Nanami Sumimoto, Abiodun Foresythe, Hee Jae Huh, Jenny Nguyen MD, MA, Miriam Oseguera, Noah Brazer, Jack Tang, MHS, Danielle Ingebrigtsen, MHS, Becky Fung, Helen Reyes, Melissa Hillberg, Peter M. Mourani, Charles R. Langelier, MD, PhD, Mikael de Lorenzi-Tognon, MD, PhD, and Patrick Benoit, MD. For all authors, see the paper.

Funding: The Nature Medicine paper was supported in part by a BARDA EZ-BAA award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641 and the Chan Zuckerberg Biohub San Francisco.

The Nature Communications paper was supported in part by in part by a BARDA EZ-BAA 494 award 75A50122C00022, US CDC grants 75D30122C15360 and 75D30121C12641, Abbott Laboratories and the Chan Zuckerberg Biohub San Francisco.

Disclosures: Chiu is a founder of Delve Bio and serves on its scientific advisory board, as well as those of Flightpath Biosciences, Biomeme, Mammoth Biosciences, BiomeSense and Poppy Health. He is also an inventor on US patent 509 11380421, "Pathogen detection using next generation sequencing." Wilson is a co-founder and serves on the scientific advisory board and board of directors for Delve Bio.
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Sleep is no light matter for bees | ScienceDaily
In an emerging red flag for the digital era, sleep experts have warned us to avoid screen time in bed, sounding the alarm that light emitted from phones and other electronic devices can disrupt our sleep patterns. That's one way that science is waking up to the broad range of health and disease implications related to circadian biology and our daily sleep-wake cycles.


						
Now, researchers at the University of California San Diego have found that light disruption is not only a health concern for humans. A new study led by PhD candidate Ashley Kim and Professor James Nieh in the School of Biological Sciences has found that artificial light disrupts the circadian rhythms of honey bees and poses a threat to their essential role as pollinators.

"Our research shows just how sensitive honey bees are to changes in their environment, particularly to something as seemingly benign as artificial light," said Kim of the study, published in Scientific Reports. "By disrupting their circadian rhythms, we see clear evidence of reduced sleep periods. This raises significant concerns, not only for bee health but also for the health of ecosystems that depend on them for pollination."

Honey bees play a crucial role as pollinators of wild plants and important crops, providing services that support ecosystem stability and global food security. Without pollination, crops worth tens of millions of dollars would be at risk.

Honey bees generally prefer to nest in dark environments, although a small amount of light can enter from the hive entrance. Sleeping bees typically remain immobile but exhibit subtle movements if disturbed by nestmates. However, bees sleep outside when they swarm or when they form "bee beards" outside the nest on hot evenings, which are increasing under climate change. While the prevalence of artificial light at night (ALAN), or light pollution, on sleeping honey bees varies from region to region, modern urban environments are increasingly exposed to artificial light conditions, especially as temperatures rise. Because there has been a resurgence of urban beekeeping in many areas to support bees and their critical pollination services, bees that experience hotter weather are now potentially more exposed to ALAN.

Like us, when bees experience a poor night's sleep and disrupted circadian patterns, problems in behavior and function emerge. Sleep is crucial for the health and fitness of honey bee colonies since they depend on an intricate system of communication known as the "waggle dance" that informs hive mates about the location of food sources in the environment. Bees dance more poorly and therefore do not communicate as well if they do not get enough sleep.

Through a series of experiments spanning several years, the UC San Diego researchers compared groups of bees that underwent normal sleep in the dark with others that were subjected to continuous artificial light. The results clearly showed that prolonged exposure to light significantly disrupted the circadian rhythms of honey bees, leading to impaired behaviors. Since the bees were video recorded 24 hours a day during the experiments, Kim could immediately see the effects of disrupted sleep.




"Even without analyzing the data you can tell that there was something going on... the bees that were under constant light slept less," said Kim. "The effects of light pollution on biological systems is fairly unknown and something people normally don't think about, which is why it's a rapidly evolving field."

Among the details described in the paper: Bees exposed to continuous light slept less and were more frequently disturbed by their peers compared to those kept in normal darkness. Also, bees under continuous light exhibited a preference for darker areas within their experimental cages.

"Understanding the factors that affect bee health, such as light pollution, is essential for developing strategies to protect pollinator populations," said Nieh. "Light pollution is a growing issue, with artificial light now covering a quarter of the Earth's surface, and this research sheds new light on how such disturbances may be harming pollinators."

Two coauthors of the study, Aura Velazquez (Universidad La Salle Mexico) and Belen Saavedra (Berea College), are undergraduate students who participated in the research as part of UC San Diego's ENLACE initiative, a binational summer program in which students conduct research during a seven-week project.

"I am pleased that the ENLACE summer research program was pivotal in providing research experiences for the student authors of this study," said Olivia Graeve, the director of the ENLACE Program at UC San Diego and a professor in the Department of Mechanical and Aerospace Engineering, Jacobs School of Engineering. "By fostering collaboration between students from Latin America and the United States, we help young researchers gain valuable hands-on experience, building skills and friendships that extend across borders. This project exemplifies the impact of ENLACE, as it brings together diverse perspectives to address global challenges like pollinator health and environmental sustainability."

Nieh and study coauthor Benjamin Smarr, a faculty member in the Shu Chien-Gene Lay Department of Bioengineering, Jacobs School of Engineering, and Halicioglu Data Science Institute, were recently awarded a related grant -- which extends to human impacts -- from the new Chancellor's Interdisciplinary Team Catalyst Fund. "Harmonizing the Pulse of Life: Pioneering Circadian Insights for Human and Ecosystem Health at UC San Diego" furthers research on circadian biology and ecosystem health. The Nieh and Smarr labs will collaborate to examine circadian rhythms across scales, from individual bees to entire ecosystems.

"The Catalyst Grant allows us to connect research on honey bee circadian rhythms to larger questions about biological synchronization across ecosystems and human health," said Nieh. "This program fosters interdisciplinary collaboration, bringing together experts in biology, data science and medicine to address pressing issues like light pollution and its impact on pollinator health. Our work with the Catalyst Grant strengthens UC San Diego's role in advancing solutions for both environmental sustainability and human well-being."
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'Drowning' mangrove forests in Maldives signal global coastal threat | ScienceDaily
Researchers have found evidence that mangrove forests -- which protect tropical and subtropical coastlines -- are drowning in the Maldives.


						
Their findings, published today (Tuesday 12 December) in Scientific Reports, indicate that rising sea level and a climate phenomenon known as the Indian Ocean Dipole have led to some Maldivian islands losing over half of their mangrove cover since 2020.

The research team, led by Northumbria University, warn that the findings have implications not only for the Maldives, but also for other island nations and coastal ecosystems around the world.

In 2020, more than a quarter of the Maldivian islands containing mangrove forests saw their trees experiencing a gradual deterioration before dying, a condition known as dieback.

Satellite imagery of both inhabited and uninhabited islands revealed the severity of this issue, showing that some islands lost over half of their mangrove cover.

Mangroves play an essential role in protecting coastal regions by acting as natural barriers against storms, erosion and flooding. As biodiversity hotspots they are vital nurseries for marine species such as crabs, prawns and fish making them crucial for food security and livelihoods in many coastal communities. They also provide valuable resources such as construction materials for housing.

A team of researchers, led by Lucy Carruthers and Vasile Ersek in Northumbria University's Department of Geography and Environmental Sciences, combined evidence from sea level, climate data and remote sensing with field observations of sediment geochemistry and dendrology to investigate the mangrove dieback.




Their analysis of mangrove wood revealed that the dead trees showed greater signs of salinity stress compared to living trees.

This stress indicates that the roots of the trees were struggling to cope with increased salt levels, which was a key factor in their eventual death.

The researchers found that sea levels around the Maldives rose at an accelerated rate of over 30mm per year between 2017 to 2020. Towards the end of this period, an unusually intense climate phenomenon known as the Indian Ocean Dipole occurred. This caused warmer sea surface temperatures and an increase in sea level in the Western Indian Ocean.

Although mangroves naturally build up their own sediment, allowing them to adapt to gradually rising seas, this rate of sea level rise was too fast for the mangroves to keep pace.

As tidal movements are more limited in the basin areas where many mangrove forests grow, the rising sea level meant that seawater effectively flooded the forests. This lack of tidal movement and flooding prevented the mangroves from building the sediment they needed to stay above water. They eventually lost their resilience and died off by drowning.

Dr Vasile Ersek, Associate Professor in Northumbria University's Department of Geography and Environmental Sciences explained: "Dieback was first observed in the centre of low-lying basin areas before gradually spreading outwards. As these basin areas have something we call limited tidal flushing we saw evidence of the rising sea level inundating the forests with seawater. This prolonged exposure created higher concentrations of salt.




"As the mangroves' build-up of sediment slowed down due to the pace of the rising sea level, the soil salinity increased beyond what even these salt-tolerant trees could handle. Essentially, the mangroves were drowning.

"The extreme magnitude of dieback seen in the Maldives is a vivid illustration of how climate change may push natural systems past their limits, with cascading consequences for both nature and people."

Lucy Carruthers, now a postdoctoral scholar in East Carolina University's Department of Coastal Studies, led the project whilst working at Northumbria University. She said: "Sea level in the region reached its highest point on tide gauge records when the dieback occurred in 2020. This coincided with an intense positive phase in the Indian Ocean Dipole which can induce climate extremes for countries within the Indian Ocean.

"As our planet continues to warm, we can expect to see the Indian Ocean Dipole occurring more frequently and at higher magnitude, meaning events like this mangrove die-off may become more common.

"These remarkable forests have thrived at the interface of land and sea for many centuries. Whether they can survive the rapid changes of the coming decades will depend largely on our actions in managing the climate crisis today."

The researchers noted there was published evidence of mangrove die off in other areas of the Indian Ocean around the same period, including the Seychelles and Madagascar,

As mangrove forests store massive amounts of carbon -- typically three to five times more carbon per equivalent area than tropical rainforests -- the researchers raised concerns that the loss of mangrove forests could also release large amounts of stored carbon, further accelerating climate change.

She added: "Our findings reveal the vulnerability of mangrove ecosystems to rapid sea-level rise and highlight the need for urgent adaptive conservation strategies in small island developing states.

"This may sound like a local problem, but it's a warning for coastal areas worldwide. As climate change and extreme events intensify, some mangrove forests may struggle to keep up with sea level rise. The Maldives, as the world's lowest-lying nation, can therefore potentially be the canary in the coal mine."
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Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets | ScienceDaily
Limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. A new study introduces an "additional carbon accountability" indicator, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.


						
A new study in Nature Communications finds that limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. An "additional carbon accountability" indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

The new study proposes an indicator -- additional carbon accountability -- that quantifies countries' responsibility for mitigation and carbon dioxide removal in addition to achieving their own targets. Aside from further domestic reductions, this additional carbon accountability requires financing carbon removal, or emission reductions outside their territories.

A pressing question at the ongoing 29th annual UN Climate Conference (COP29) in Baku, Azerbaijan, is how to transition away from fossil fuels and speed up climate mitigation in line with the 1.5C global warming target. To address this, the new study by researchers from Stockholm University, Chalmers University of Technology, and Uppsala University, quantifies how much each country should reduce or remove carbon dioxide emissions beyond their current national commitments.

"The ambition of this article is to suggest opportunities to enhance climate fairness and close the mitigation gap in the real world, based on the Paris Agreement," says lead author Thomas Hahn, from the Stockholm Resilience Centre at Stockholm University.

The study quantifies each country's equal share of the remaining 1.5C carbon budget based on equal per capita historic emissions since 1990 and share of the remaining carbon budget. This is then compared to countries' actual carbon debts and future emissions targets, creating an "additional carbon accountability" indicator.

The study identifies 18 high-income and upper-middle-income countries that should be accountable for increasing their ambitions to stay within their equal per capita share of the global carbon budget for 1.5 degC. (Note that the EU is here counted as one country). Additional carbon accountability is highest for the United States and China, and highest per capita for the United Arab Emirates, Russia, Saudi Arabia and the United States.




"While there is no agreement on how to operationalize the fairness principles of the Paris Agreement, the new indicator provides an important tool to clarify the responsibility for the remaining mitigation gap in the context of the ongoing climate talks," explains co-author Johannes Morfeldt from Physical Resource Theory, Department of Space, Earth and Environment, at Chalmers University of Technology.

In general, high-income countries have large carbon debts while several upper-middle income countries have high future emissions. Four of the 18 countries could theoretically fulfil their accountability with stricter domestic emission reductions.

"14 of these 18 countries have a larger accountability than planned future emissions, meaning they would need to increase ambitions for carbon dioxide removal or for emission reductions in other countries, in addition to stricter emissions reductions," says co-author Ingo Fetzer, from Stockholm Resilience Centre, Stockholm University.

As an example, besides reaching its 2030 reduction target and net zero by 2050, the EU would need to remove an additional 48 Gt carbon dioxide (gigatonnes, or billion metric tonnes) or finance additional reductions beyond current targets in other countries. For China, the additional carbon accountability is 150 Gt and the USA 167 Gt.

"Our study shows that it's high time for the European Union to enhance its climate targets, instruments, and financing, to take responsibility for its fair share of a global carbon budget compatible with the Paris Agreement," says co-author Mikael Karlsson from Climate Change Leadership, Department of Earth Sciences, at Uppsala University.

The study shows that the ability to pay is not uniform. Several BRICS+ nations, particularly Iran and Russia, may struggle economically to meet their additional responsibilities, in contrast to G7 members.

"Our results highlight that meeting the 1.5C target to a large extent is reliant on large historic emitters like the EU and the US paying off their historic carbon debts, and countries with plans for future large emissions, like China and Iran, setting stricter reduction targets," adds co-author Robert Hoglund.
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Machine learning predicts highest-risk groundwater sites to improve water quality monitoring | ScienceDaily
An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.


						
This proof-of-concept work focused on Arizona and North Carolina but could be applied to fill critical gaps in groundwater quality in any region.

Groundwater is a source of drinking water for millions and often contains pollutants that pose health risks. However, many regions lack complete groundwater quality datasets.

"Monitoring water quality is time-consuming and expensive, and the more pollutants you test for, the more time-consuming and expensive it is," says Yaroslava Yingling, co-corresponding author of a paper describing the work and Kobe Steel Distinguished Professor of Materials Science and Engineering at North Carolina State University.

"As a result, there is interest in identifying which groundwater supplies should be prioritized for testing, maximizing limited monitoring resources," Yingling says. "We know that naturally occurring pollutants, such as arsenic or lead, tend to occur in conjunction with other specific elements due to geological and environmental factors. This posed an important data question: with limited water quality data for a groundwater supply, could we predict the presence and concentrations of other pollutants?"

"Along with identifying elements that pose a risk to human health, we also wanted to see if we could predict the presence of other elements -- such as phosphorus -- which can be beneficial in agricultural contexts but may pose environmental risks in other settings," says Alexey Gulyuk, a co-first author of the paper and a teaching professor of materials science and engineering at NC State.

To address this challenge, the researchers drew on a huge data set, encompassing more than 140 years of water quality monitoring data for groundwater in the states of North Carolina and Arizona. Altogether, the data set included more than 20 million data points, covering more than 50 water quality parameters.




"We used this data set to 'train' a machine learning model to predict which elements would be present based on the available water quality data," says Akhlak Ul Mahmood, co-first author of this work and a former Ph.D. student at NC State. "In other words, if we only have data on a handful of parameters, the program could still predict which inorganic pollutants were likely to be in the water, as well as how abundant those pollutants are likely to be."

One key finding of the study is that the model suggests pollutants are exceeding drinking water standards in more groundwater sources than previously documented. While actual data from the field indicated that 75-80% of sampled locations were within safe limits, the machine learning framework predicts that only 15% to 55% of the sites may truly be risk-free.

"As a result, we've identified quite a few groundwater sites that should be prioritized for additional testing," says Minhazul Islam, co-first author of the paper and a Ph.D. student at Arizona State University. "By identifying potential 'hot spots,' state agencies and municipalities can strategically allocate resources to high-risk areas, ensuring more targeted sampling and effective water treatment solutions"

"It's extremely promising and we think it works well," Gulyuk says. "However, the real test will be when we begin using the model in the real world and seeing if the prediction accuracy holds up."

Moving forward, researchers plan to enhance the model by expanding its training data across diverse U.S. regions; integrating new data sources, such as environmental data layers, to address emerging contaminants; and conducting real-world testing to ensure robust, targeted groundwater safety measures worldwide.

"We see tremendous potential in this approach," says Paul Westerhoff, co-corresponding author and Regents' Professor in the School of Sustainable Engineering and the Built Environment at ASU. "By continuously improving its accuracy and expanding its reach, we're laying the groundwork for proactive water safety measures across the globe."

"This model also offers a promising tool for tracking phosphorus levels in groundwater, helping us identify and address potential contamination risks more efficiently," says Jacob Jones, director of the National Science Foundation-funded Science and Technologies for Phosphorus Sustainability (STEPS) Center at NC State, which helped fund this work. "Looking ahead, extending this model to support broader phosphorus sustainability could have a significant impact, enabling us to manage this critical nutrient across various ecosystems and agricultural systems, ultimately fostering more sustainable practices."

This work was supported by the NSF STEPS Center; and by the Metals and Metal Mixtures: Cognitive Aging, Remediation and Exposure Sources (MEMCARE) Superfund Research Center based at Harvard University, which is supported by the National Institute of Environmental Health Science under grant P42ES030990.
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Using CRISPR to decipher whether gene variants lead to cancer | ScienceDaily
Researchers at ETH Zurich have combined two gene editing methods. This enables them to quickly investigate the significance of many genetic mutations involved in the development and treatment of cancer.


						
In recent years, scientists have created a range of new methods based on CRISPR-Cas technology for precisely editing the genetic material of living organisms. One application is in cell therapy: a patient's immune cells can be specifically reprogrammed to fight cancer more effectively.

Researchers in the Department of Biosystems Science and Engineering at ETH Zurich in Basel have now found a further application for these novel CRISPR-Cas methods: led by ETH Professor Randall Platt, the researchers are using them to decipher how mutations in a cell's genome affect its function. The sequence of DNA building blocks in tumour cells, for example, differs from that in healthy cells. With the new approach, the researchers can generate tens of thousands of cells with different gene variants in Petri dishes. They can then decipher which of the variants contribute to the development of cancer and which make the cancer cells resistant to standard drugs.

Combining two methods

Scientists already had the ability to make individual changes to the genome of cells. But the ETH researchers' project plans were much more complex: they modified one gene in two human cell lines in over 50,000 different ways, thereby creating a correspondingly large number of different cell variants, and then tested the function of those cells. For their proof of concept, they worked with the EGFR gene, which is central to the development of various types of cancer, including lung, brain and breast cancer.

Platt and his team combined two CRISPR-Cas methods to produce a huge number of variants of this gene. Both methods were developed in recent years by researchers at MIT and Harvard University in the United States, and both have advantages and disadvantages. One of these methods, base editing, allows individual building blocks of DNA, known as bases, to be modified very easily and reliably. However, the possibilities of base editing are limited: it can generally switch the DNA base C with the base T, or A with G.

Several tens of thousands of cells changed

The second method the researchers used is prime editing. Theoretically, this method is very powerful: similar to the "search and replace" function of a word processing program, it can change individual sequences of genetic code in a targeted manner. "We can use it to swap any DNA base for another. Or we can insert, say, three or ten bases into the genome or delete the same number," Platt says. "In principle, you can do whatever you want with it."




However, prime editing doesn't work reliably. This has made it difficult to use it to create an entire pool of several tens of thousands of differently modified cells that could then be put through screening. Platt and his team have now achieved this.

Important for oncology

Cell pools with different gene variants are crucial for research. That's because oncologists are increasingly analysing the genetic information in patients' tumour cells base by base. This information often gives them clues as to which medication might work for an individual patient.

In recent years, scientists have built databases containing thousands of different genetic variants found in patients. For about half of these variants, the databases also contain a thorough description of their effects. For the other half, all that's known is that they occur in patients; it's not clear what impact they have, if any, on the development or treatment of cancer. Scientists refer to these as "variants of uncertain significance." If a physician finds such a variant in a patient, that information is of little use to them.

Researchers are convinced that oncology would benefit enormously from having more information on these variants. That's why they're trying to produce cells with these gene variants in the laboratory, so they can then analyse the function of those cells. In recent years, researchers have done much work in preparation for this possibility. They already had the option of employing base editing as a method, but the problem was that base editing alone isn't enough. "It only lets you produce around a tenth of these variants," explains Olivier Belli, a doctoral student in Platt's group and, together with master's student Kyriaki Karava, first author of the study.

New relevant variants found

In order to systematically generate cells with virtually all possible relevant variants of the EGFR gene, Platt and his team first identified the cancer-relevant regions in this gene. These are regions in which mutations either cause a healthy cell to transform into a cancer cell or make a cancer cell become resistant or, conversely, sensitive to a drug. Because it is not possible to create all of these gene variants using base editing, the researches tied in the other method, prime editing.




Finally, the researchers analysed these cells. For ten EGFR gene variants whose effect on cancer progression was previously uncertain, they have now been able to provide evidence that they are significant and describe it: some of these variants may play a role in the onset of cancer, while the others may make it resistant to certain drugs. In the course of this study, the ETH researchers also discovered a potentially new mechanism by which a mutation in the EGFR gene can cause cancer. Moreover, they found six gene variants that appear to play a role in cancer but had never been described -- in other words, completely new, relevant gene variants.

The EGFR gene is just one of several hundred human genes associated with cancer. This new research approach is now ready to decode the variants of uncertain significance in all the other genes as well.
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In greening Arctic, caribou and muskoxen play key role | ScienceDaily
The story of Arctic greening has overlooked some main characters. At center stage are climate change and warming temperatures. Meanwhile, large grazing wildlife, such as caribou and muskoxen, also play a key role in the timing and abundance of Arctic plants, according to a study from the University of California, Davis.


						
The study, published today in the journal PNAS Nexus, highlights the importance of large herbivores to the Arctic ecosystem, linking grazing with plant phenology and abundance in the Arctic tundra.

Phenology is the study of the timing and cyclical patterns in nature, such as when birds migrate, or when a plant first sprouts or blooms. Understanding such patterns is critically important in the Arctic, which is warming faster than anywhere on Earth.

"Caribou and muskoxen play a key role in how soon plants emerge and this translates to how abundant they become," said lead author Eric Post, a professor and arctic ecologist in the UC Davis Department of Wildlife, Fish and Conservation Biology. "This is an important, and overlooked, factor we need to consider as we seek to more fully understand climate change impacts on tundra vegetation in the Arctic."

Exclusion experiment

The research was conducted at a long-term study site near Kangerlussuaq, Greenland, where Post has been studying plant and animal interactions for 22 years. To understand how herbivores affect the timing of plant growth and abundance, the scientists excluded caribou and muskoxen from some study areas. From 2009 to 2017, they compared the timing of spring green-up of nine plant species with and without the grazing animals.

In general, plants where caribou or muskoxen were present experienced earlier green-up and greater abundance later in the growing season. About two-thirds of plants greened up earlier, and three-quarters were more abundant later in the season compared to plots without grazing. These include arctic draba and gray willow.




Some species, including dwarf birch and harebell, emerged later with grazers present. Dwarf birch was the only species studied that did not increase in abundance under grazing. In all cases, the presence or absence of large grazing wildlife influenced how the plants responded.

Grazing awareness

Post said it is not yet clear why the plants respond in this way, but it is important to understand that there is a connection.

"We're used to thinking of the timing of plant availability as impacting the productivity of grazing animals, but not the reverse," Post said. "The absence or presence of herbivores can also impact the timing of plant growth and their productivity."

This is especially important considering thatmany caribou populations in the Arctic are in decline. Migratory tundra caribou (Rangifer tarandus) are listed as vulnerable by the IUCN Red List and have lost more than half of their total abundance since the 1990s.

A separate study coauthored by Post and published Nov. 7, noted that supporting sustainable populations of herbivores in the Arctic could be a more effective nature-based solution to climate change in the region than planting trees there.

Co-authors for the PNAS Nexus study include UC Davis alum Conor Higgins of the Yolo County Resource Conservation District, Pernille Boving of UC Davis, Christian John of UC Santa Barbara, Mason Post of the University of Washington, and Jeffrey Kerby of the Scott Polar Research Institute at Cambridge University. The authors give special thanks to the late Mads Forchhammer for his critical input and inspiring the study.

The study was funded by the U.S. National Science Foundation, National Geographic Society, European Union's Horizon 2020 research program, and Aarhus University Research Foundation.
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Bulges calculated in the supercomputer: How cells digest their internal canal system | ScienceDaily
Inside cells, there exists an extensive system of canals known as the endoplasmic reticulum (ER), which consists of membrane-encased tubes that are partially broken down as needed -- for instance in case of a nutrient deficiency. As part of this process, bulges or protrusions form in the membrane, which then pinch off and are recycled by the cell. A study by Goethe University Frankfurt has examined this protrusion process using computer simulations. Its finding: certain structural motifs of proteins in the ER membrane play a central role in this process. The study was carried out as part of the "SCALE -- Subcellular Architecture of Life" cluster initiative.


						
The endoplasmic reticulum functions as a reservoir for calcium and carbohydrates and also serves as the site for the synthesis of various hormones. Cells adjust the expansion and networking of their internal canal system as needed. A process known as ER-phagy ("ER-eating") plays a central role here. During this process, a part of the membrane of an ER tube bulges out and eventually pinches off into a small vesicle. At the same time, a kind of internal cellular "trash bag," the autophagosome, forms around it. This then fuses with another container that contains highly reactive enzymes, which "shred" the contents of the "trash bag" and recycle it.

"We have known for several years that specific proteins, known as ER-phagy receptors, play a key role in this process," explains Dr. Ramachandra Bhaskara from Goethe University's Institute of Biochemistry II. These receptors are located in the membrane of ER tubes and consist of an anchor that inserts into the membrane. Attached to this anchor are two long protein strands that extend outward from the membrane surface like flexible tentacles. "Using complex simulations in supercomputers, we were recently able to show, together with other research groups, that the anchor causes the membrane to curve," Bhaskara says, adding that "under certain conditions, this can result in a protrusion. In the current study, we have demonstrated that the filamentous structures increase the likelihood and significantly accelerate the formation of such a bulge."

Proteins form disordered "tentacles" from amino acids

Most proteins adopt a defined three-dimensional shape after they are produced: some parts form coiled, helical structures, while others fold back and forth like the bellows of an accordion. This gives them a compact, relatively rigid form, which also applies to the anchor region of ER-phagy receptors. The tentacles, however, consist of long chains of amino acids that oscillate back and forth in a largely disordered manner -- which is also why they are referred to as "intrinsically disordered (protein) regions" or IDRs for short. These extensive movements require space, which they create by causing the membrane in which they are anchored to bulge. "Added to this is another effect," emphasizes Dr. Sergio Alejandro Poveda Cuevas, the study's first author: "The IDRs contain short sequences that can fold back under certain conditions. We were able to show that they do this during the formation of the bulges. They then nestle against the membrane like a scaffold, thereby reinforcing its curvature."

The pinching-off is thus the result of various finely orchestrated processes, as demonstrated by the simulation: initially, the anchor regions of various ER-phagy receptors approach each other. This clustering increases the curvature of the membrane caused by the receptors. Initially, the IDR tentacles are extended. They make contact with the autophagy machinery and direct it toward the membrane. The IDRs then condense into more compact structures, further enhancing the bulge until the membrane pinches off and the vesicle is packaged in the autophagosome ("trash bag").

Findings could prove important for the treatment of certain diseases

"In addition to offering a detailed insight into this important cellular process, our study also shows that receptor IDRs play a crucial role in ensuring smooth functioning," Bhaskara explains. These results are particularly interesting because some congenital neurological diseases are associated with disrupted ER-phagy. A better understanding of the membrane degradation process might one day enable targeted manipulation.

The study was funded by the German Research Foundation (DFG) within the framework of Collaborative Research Center 1177, and by the ENABLE cluster project funded by the Hessian Ministry of Science and Research, Arts and Culture.
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First amber find on the Antarctic continent | ScienceDaily
Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. A team of researchers led by the Alfred Wegener Institute and the TU Bergakademie Freiberg have just released a paper in the journal Antarctic Science, in which they describe the southernmost discovery of amber in the world.


						
Until recently, a gap existed in the world map of amber discoveries: the Antarctic continent. But that gap has finally been closed, thanks to a team led by Dr Johann P. Klages from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research and Dr Henny Gerschel from the TU Bergakademie Freiberg. In a recently released paper, the experts describe the amber they discovered in a sediment core they had recovered on an expedition with the research icebreaker Polarstern in 2017, using the seafloor drill rig MARUM-MeBo70 at a water depth of 946 metres. They have named the discovery "Pine Island amber" after its locality in the Pine Island Bay of the Amundsen Sea Embayment -- at 73.57deg South, 107.09deg West, to be precise.

"The analysed amber fragments allow direct insights into environmental conditions that prevailed in West Antarctica 90 million years ago," says first author Johann P. Klages. "This fascinating find also indicates in more detail how the forest we reconstructed in our Nature study from 2020 could have functioned," the AWI marine geologist adds. "It was very exciting to realise that, at some point in their history, all seven continents had climatic conditions allowing resin-producing trees to survive. Our goal now is to learn more about the forest ecosystem -- if it burned down, if we can find traces of life included in the amber. This discovery allows a journey to the past in yet another more direct way."

Those expecting large clumps of amber have to be disappointed: For analyses with reflected-light and fluorescence microscopy, the source material had to be air-dried and carefully sliced up into roughly fragments with 1 mm diameter from which the amber pieces were picked. But nevertheless, exciting structures were to be found: "The Antarctic amber likely contains remains of original tree bark as micro-inclusions. Considering its solid, transparent and translucent particles, the amber is of high quality, indicating its burial near the surface, as amber would dissipate under increasing thermal stress and burial depth," explains Henny Gerschel, until recently a member of staff at the TU Bergakademie Freiberg and now a consultant at the Saxon State Office for the Environment, Agriculture and Geology.The team also found indications for pathological resin flow -- a strategy trees use to seal damaged bark induced by parasites or wildfires, hence creating a chemical and physical barrier protecting from insect attacks and infections. "Our discovery is another piece of the puzzle and will help us gaining a better understanding of the swampy, conifer-rich, temperate rainforest environment identified near the South Pole during the mid-Cretaceous."
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Novel machine learning techniques measure ocean oxygen loss more accurately | ScienceDaily
Oxygen is essential for living organisms, particularly multicellular life, to metabolize organic matter and energize all life activities. About half of the oxygen we breathe comes from terrestrial plant life, such as forests and grasslands, while the other half is produced through photosynthesis by marine algae in the ocean's surface waters.


						
Oxygen concentrations are declining in many parts of the world's oceans. Experts believe this drop is linked to the ocean's surface warming and its impacts on the physics and chemistry of seawater, though the problem is not fully understood. Temperature plays a crucial role in determining how oxygen dissolves in seawater; as water warms, it loses its ability to hold gas.

"Calculating the amount of oxygen lost from the oceans is challenging due to limited historical measurements and inconsistent timing," said Taka Ito, oceanographer and professor in the School of Earth and Atmospheric Sciences at Georgia Tech. "To understand global oxygen levels and their changes, we need to fill in many data gaps."

A group of student researchers sought to address this issue. Led by Ito, the team developed a new machine learning-based approach to more accurately understand and represent the decline in global ocean oxygen levels. Using datasets, the team further generated a monthly map of oxygen content visualizing the ocean's oxygen decline over several decades. Their research was published in the Journal of Geophysical Research: Machine Learning and Computation.

"Marine scientists need to understand the distribution of oxygen in the ocean, how much it's changing, where the changes are occurring, and why," said Ahron Cervania, a Ph.D. student in Ito's lab. "Statistical methods have long been used for these estimates, but machine learning techniques can improve the accuracy and resolution of our oxygen assessments."

The project began three years ago with support from the National Science Foundation, and the team initially focused solely on Atlantic Ocean data to test the new method. They used a computational model to generate hypothetical observations, which allowed them to assess how well they could reconstruct missing oxygen level information using only a fraction of the data combined with machine learning. After developing this method, the team expanded to global ocean observations, involving undergraduate students and delegating tasks across different ocean basins.

Under Ito's guidance, Cervania and other student researchers developed algorithms to analyze the relationships between oxygen content and variables like temperature, salinity, and pressure. They used a dataset of historical, ship-based oxygen observations since the 1960s and recent data from Argo floats -- autonomous drifting devices that collect and measure temperature and salinity. Although oxygen data existed before the 1960s, earlier records have accuracy issues, so the team focused on data from the 1960s onward. They then created a global monthly map of ocean oxygen content from 1965 to the present.




"Using a machine learning approach, we were able to assess the rate of oxygen loss more precisely across different periods and locations," Cervania said. "Our findings indicate that incorporating float data significantly enhances the estimate of oxygen loss while also reducing uncertainty."

The team found that the world's oceans have lost oxygen at a rate of about 0.7% per decade from 1970 to 2010. This estimate suggests a relatively rapid ocean response to recent climate change, with potential long-term impacts on marine ecosystems' health and sustainability. Their estimate also falls within the range of decline suggested by other studies, indicating the accuracy and efficacy of their approach.

"We calculated trends in global oxygen levels and the ocean's inventory, essentially looking at the rate of change over the last five decades," Cervania said. "It's encouraging to see that our rate aligns with previous estimates from other methods, which gives us confidence. We are building a robust estimate from both our study and other studies."

According to Ito, the team's new approach addresses an ongoing challenge in the oceanographic community: how to effectively combine different data sources with varying accuracies and uncertainties to better understand ocean changes.

"The integration of advanced technologies like machine learning will be essential in filling data gaps and providing a clearer picture of how our oceans are responding to climate change."
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Using personal care products during and after pregnancy can increase exposure to toxic chemicals | ScienceDaily
For people who are pregnant or nursing, more use of personal care products is associated with higher detectable levels of synthetic chemicals known to have adverse health effects, a new study by Brown University researchers found.


						
The study, published in Environment International, found that using personal care products like nail polish, makeup and hair dye while pregnant or lactating is associated with significantly higher levels of per- and polyfluoroalkyl substances, known as PFAS, in blood plasma and breast milk.

"While PFAS are ubiquitous in the environment, our study indicates that personal care products are a modifiable source of PFAS," said study author Amber Hall, a postdoctoral research associate in epidemiology at the Brown University School of Public Health. "People who are concerned about their level of exposure to these chemicals during pregnancy or while breastfeeding may benefit from cutting back on personal care products during those times."

PFAS are synthetic chemicals that have been used in consumer products and industrial settings since the 1950s due to their ability to resist oil, water and heat. The study notes that PFAS have been associated with a range of adverse health effects, including liver disease, cardiometabolic and cardiovascular issues, and various cancers.

While several studies have detected these chemicals in personal care products directly, few have evaluated whether using these products impacts internal PFAS concentrations, Hall said. This is important, she added, because exposure to PFAS during pregnancy could contribute to adverse birth outcomes such as decreased birth weight, preterm birth, some neurodevelopmental disorders and diminished vaccine response in children.

Hall led a research team that analyzed data from the Maternal-Infant Research on Environmental Chemicals Study, which enrolled 2,001 pregnant people from 10 cities across Canada between 2008 and 2011. The researchers evaluated the contribution of the use of personal care products on PFAS concentrations in prenatal plasma (six to 13 weeks gestation) and human milk (two to 10 weeks postpartum). Participants reported frequency of use across eight product categories during the first and third pregnancy trimesters, one to two days postpartum, and two to 10 weeks postpartum.

In first-trimester pregnant people, the researchers found that higher use of nail care products, fragrances, makeup, hair dyes and hair sprays or gels was associated with higher plasma PFAS concentrations. Similar results were observed for third-trimester personal care product use and breast-milk PFAS concentrations at two to 10 weeks postpartum.




For instance, participants who wore makeup daily in the first and third trimesters had 14% and 17% higher plasma and breast-milk PFAS concentrations, respectively, compared to people who did not wear makeup every day. In addition, the researchers found that people using colored-permanent dye one to two days postpartum had higher PFAS levels (16% to 18% increases compared to never using them) in human milk concentrations.

Hall noted that the study examined only four types of PFAS among thousands that are used in industry and commerce. Thus, the study likely underestimated the extent of exposure to all PFAS from these products during pregnancy, she said.

Hall conducted the research with Joseph Braun, a professor of epidemiology and director of children's environmental health at Brown University, who has been studying the health effects of PFAS for over a decade. Braun suggested that future studies examining how the use of personal care products affects PFAS exposure should consider differences by product type, as well as timing and frequency of use, or product formulation. This type of research can guide individual choices and also inform PFAS regulation, he said.

"Not only do studies like these help people assess how their product choices may affect their personal risk, but they can also help us show how these products could have population-level effects," Braun said. "And that makes the case for product regulation and government action, so that we can remove some of the burden from individuals."

The Maternal-Infant Research on Environmental Chemicals Study, which Braun helped to conduct, was supported by Health Canada's Chemicals Management Plan, the Canadian Institutes of Health Research (MOP-81285) and the Ontario Ministry of the Environment.
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DNA packaging directly affects how fast DNA is copied in cells | ScienceDaily
Researchers from the Mattiroli group have found that the way DNA is packaged in cells can directly impact how fast DNA itself is copied during cell division. They discovered that DNA packaging sends signals through an unusual pathway, affecting the cell's ability to divide and grow. This opens up new doors to study how the copying of the DNA and its packaging are linked. These findings, published in Molecular Cell, may help scientists to find therapies and medicines for diseases such as cancer in the future.


						
Chromatin as a guide

Every day, our cells divide. Each time they need to copy both their DNA and the structure in which the DNA is packed. This packaging, called chromatin, acts as a guide. It tells the cell how, where and when to 'read' and use the information in the DNA. It is important that both the DNA and its chromatin are copied accurately to ensure young and healthy cells. Problems with this process are often seen in diseases like cancer. "Even though this process keeps us healthy, we still don't fully understand how DNA and chromatin are simultaneously copied," says Francesca Mattiroli, group leader.

A unique slowdown alarm

"We found that the copying of chromatin has a direct effect on the mechanisms that copy DNA itself," explains Mattiroli. She and her team found that this effect happens through an unusual stress response. "If there is a problem with DNA packaging, the cell quickly senses this issue. But instead of triggering a typical stress response, the cell responds by slowing down its cycle of growth and division, without stopping it completely," she says. The slower cycle still allows the cell to divide, but the new cells often struggle to continue to grow, preventing them from dividing again.

"So, these mechanisms, which copy DNA and its packaging, are closely connected to cell growth," Mattiroli says. This discovery paves the way for new studies on these pathways and how DNA packaging can control cell growth. In the future, this knowledge could help to find new treatments for diseases like cancer.

A true team effort

"This project was a real adventure for our biochemical lab," says Mattiroli. "Without the collaboration with Alexander van Oudenaarden's lab and our other collaborators, this work would have not been possible. The technology created by Jeroen van den Berg and Vincent van Batenburg was perfect to address the questions we wanted to answer." The research was truly a team effort, with key contributions from co-first authors Jan Dreyer, Giulia Ricci, Jeroen van den Berg as well as from Vivek Bhardwaj and Janina Funk. "I really enjoyed learning all of these new things, thanks to the highly collaborative spirit of the Hubrecht Institute. I look forward to doing more cell-based research in the future," adds Mattiroli.
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Remarkable new swimming sea slug in the deep sea | ScienceDaily
MBARI researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence. The team published a description of the animal, nicknamed the "mystery mollusc," in the journal Deep-Sea Research Part I.


						
"Thanks to MBARI's advanced underwater technology, we were able to prepare the most comprehensive description of a deep-sea animal ever made. We've invested more than 20 years in understanding the natural history of this fascinating species of nudibranch. Our discovery is a new piece of the puzzle that can help better understand the largest habitat on Earth," said MBARI Senior Scientist Bruce Robison, who led efforts to describe the mystery mollusc.

MBARI researchers first observed the mystery mollusc in February 2000 during a dive with the institute's remotely operated vehicle (ROV) Tiburon offshore of Monterey Bay at 2,614 meters (8,576 feet) deep. The team leveraged MBARI's advanced and innovative underwater technology to gather extensive natural history information about the mystery mollusc. After reviewing more than 150 sightings from MBARI's ROVs over the past 20 years, they published a detailed description of this animal.

With a voluminous hooded structure at one end, a flat tail fringed with numerous finger-like projections at the other, and colorful internal organs in between, the team initially struggled to place this animal in a group. Because the animal also had a foot like a snail, they nicknamed this the "mystery mollusc."

After gently collecting a specimen, MBARI researchers were able to take a closer look at the animal in the lab. Through detailed investigations of anatomy and genetics, they began to solve the mystery, finally confirming that this incredible animal is a nudibranch.

Most nudibranchs, also known as sea slugs, live on the seafloor. Nudibranchs are common in coastal environments -- including tide pools, kelp forests, and coral reefs -- and a small number of species are known to live on the abyssal seafloor. A few are pelagic and live in open waters near the surface.

The mystery mollusc is the first nudibranch known to live in the deep water column. This species lives in the ocean's midnight zone, an expansive environment of open water 1,000 to 4,000 meters (3,300 to 13,100 feet) below the surface, also known as the bathypelagic zone.




The mystery mollusc is currently known to live in the waters offshore of the Pacific coast of North America, with sightings on MBARI expeditions as far north as Oregon and as far south as Southern California. An observation of a similar-looking animal by NOAA researchers in the Mariana Trench in the Western Pacific, suggests the mystery molluscmay have a more widespread distribution.

The mystery mollusc has evolved unique solutions to find food, safety, and companions to survive in the midnight zone.

While most sea slugs use a raspy tongue to feed on prey attached to the seafloor, the mystery mollusc uses a cavernous hood to trap crustaceans like a Venus fly trap plant. A number of other unrelated deep-sea species use this feeding strategy, including some jellies, anemones, and tunicates.

Mystery molluscs are typically seen in open water far below the surface and far above the seafloor. They move through these waters by flexing their body up and down to swim or simply drifting motionless with the currents. To avoid being eaten, the mystery mollusc hides in plain sight with a transparent body. Rapidly closing the oral hood facilitates a quick escape, similar to the pulse of a jelly's bell.

If threatened, the mystery mollusc can light up with bioluminescence to deter and distract hungry predators. On one occasion, researchers observed the animal illuminate and then detach a steadily glowing finger-like projection from the tail, likely serving as a decoy to distract a potential predator. "When we first filmed it glowing with the ROV, everyone in the control room let out a loud 'Oooooh!' at the same time. We were all enchanted by the sight," said MBARI Senior Scientist Steven Haddock. "Only recently have cameras become capable of filming bioluminescence in high-resolution and in full color. MBARI is one of the only places in the world where we have taken this new technology into the deep ocean, allowing us to study the luminous behavior of deep-sea animals in their natural habitat."

Like other nudibranchs, the mystery mollusc is a hermaphrodite, possessing both male and female sex organs. The mystery molluscappears to descend to the seafloor to spawn. MBARI researchers observed some animals using their muscular foot to attach to the muddy seafloor in order to release their eggs.




Detailed examination of specific gene sequences confirmed that the mystery molluscis unique enough from other known nudibranchs to merit the creation of a new family, Bathydeviidae. Two shallow-water nudibranchs -- the lion's mane nudibranch (Melibe leonina) and the veiled nudibranch (Tethys fimbria) -- use a hood to capture prey; however, this appears to be convergent evolution of a similar feeding method, as the mystery mollusc is only distantly related to these species. In fact, genetics suggests the mystery mollusc may have split off first on its own branch of the nudibranch family tree.

"What is exciting to me about the mystery mollusc is that it exemplifies how much we are learning as we spend more time in the deep sea, particularly below 2,000 meters. For there to be a relatively large, unique, and glowing animal that is in a previously unknown family really underscores the importance of using new technology to catalog this vast environment. The more we learn about deep-sea communities, the better we will be at ocean decision-making and stewardship," said Haddock.

The mystery mollusc is just one of many fascinating discoveries MBARI has made in the midnight zone. To date, MBARI technology has been used to document more than 250 deep-sea species previously unknown to science.

"Deep-sea animals capture the imagination. These are our neighbors that share our blue planet. Each new discovery is an opportunity to raise awareness about the deep sea and inspire the public to protect the amazing animals and environments found deep beneath the surface," said Robison.

This work was funded as part of the David and Lucile Packard Foundation's longtime support of MBARI's work to advance marine science and technology to understand a changing ocean.

Mystery mollusc (Bathydevius caudactylus) fact sheet 

Common name: Mystery mollusc 

Scientific name: Bathydevius caudactylus Pronunciation: bath-ee-dee-vee-us caw-dack-till-us

Habitat: midwater, in the bathypelagic zone 

Depth range: 1,013 to 4,009 meters (3,323 to 13,153 feet) 

Geographic range: currently known from the Northeastern Pacific Ocean, from Oregon to Southern California, but likely more widespread

Size: 14.5 centimeters (5.6 inches) (total length) 

Diet: crustaceans, including mysid shrimp

Swimming: Bathydevius caudactylus swims with up-and-down undulations of the entire body, from the hood to the tail. Quickly closing the hood propels the animal backward. Most individuals have been observed in the water column at depths of 1,013 to 3,272 meters (3,323 to 10,735 feet), either swimming slowly or passively drifting. Bathydevius caudactylus is neutrally buoyant and does not sink or rise in the water column when at rest.

Feeding: Bathydevius caudactylus uses a gelatinous hood to trap crustaceans. The bowl-shaped hood is highly elastic and may be up to 9 centimeters (3.5 inches) across. Meals are ingested through a funnel-shaped mouth at the back of the hood. Bathydevius caudactylus lacks the raspy tongue-like radula typical of bottom-dwelling nudibranchs and snails. Bathydevius caudactylus feeds on prey rich in nutrients, slowly metabolizing meals that may be few and far between in an environment where food is scarce.

Physiology: Researchers measured oxygen consumption of Bathydevius caudactylus with the Midwater Respirometer System developed by MBARI scientists and engineers. Bathydevius caudactylus has a metabolism much lower than that reported in other nudibranchs; in fact, respiration rates are more similar to those MBARI researchers have recorded in deep-sea jellies. The reduced respiration reflects the slower pace of life in the deep water column.

Bioluminescence: Researchers filmed bioluminescence from Bathydevius caudactylus in the field and the laboratory. Luminous granules in the animal's tissues create a "starry" appearance across the animal's back, including a diffuse glow in the oral hood and throughout the tips of the finger-like dactyls in the tail. Bathydevius caudactylus appears to drop luminescent dactyls as a decoy to distract predators, much like a lizard dropping its tail. The dactyls regenerate, with some Bathydevius caudactylus observed bearing dactyls of different lengths. Bioluminescence is uncommon among nudibranchs and snails, and Bathydevius caudactylus represents an independent evolution of this trait -- just the third time bioluminescence has evolved in nudibranchs and the seventh time among gastropods.

Reproduction: Bathydevius caudactylus is a hermaphrodite with both male and female reproductive organs. Spawning individuals were observed on the seafloor at depths of 2,269 to 4,009 meters (7,444 to 13,153 feet). Bathydevius caudactylus is a solitary species, however, spawning individuals were occasionally seen in proximity to each other on the seafloor. One specimen collected by MBARI researchers released a ribbon of eggs in the laboratory. Eggs hatched three days later, developing into trochophore larvae with a round body and long hair-like cilia.

Etymology: The genus name Bathydevius reflects the "devious" nature of this deep-sea animal that fooled researchers with features unlike those of other known nudibranchs. The species name caudactylus refers to distinctive finger-like projections, or dactyls, on the animal's tail.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241112122719.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Sleepy cannabis': Cannabinol increases sleep, study suggests | ScienceDaily
Research by scientists at the University of Sydney has identified a constituent in the cannabis plant that improves sleep.


						
Their report is the first to use objective measures to show the component, known as cannabinol (CBN), increases sleep in rats.

The study has been published in the leading journal Neuropsychopharmacology.

"For decades, cannabis folklore has suggested that aged cannabis makes consumers sleepy via the build-up of CBN, however there was no convincing evidence for this," said lead author on the study Professor Jonathon Arnold, Director of Preclinical Research, at the Lambert Initiative for Cannabinoid Therapeutics and the Sydney Pharmacy School.

"Our study provides the first objective evidence that CBN increases sleep, at least in rats, by modifying the architecture of sleep in a beneficial way."

CBN is an end-product of the main intoxicating constituent of cannabis, delta9-tetrahydrocannabinol (THC). THC in cannabis is slowly converted to CBN over time, which means older cannabis contains higher levels of this compound. It has been suggested that the consumption of older cannabis is associated with a sleepier cannabis "high."

In the United States, highly purified CBN products are being sold as sleep aids, but there has been little high-quality scientific evidence to support this application.




The research team at the Lambert Initiative for Cannabinoid Therapeutics tested the effects of purified CBN on sleep in rats. Using high-tech monitoring, the experiments provided insights into the rats' sleep patterns including the amount of non-rapid eye movement (NREM) and rapid eye movement (REM) sleep.

NREM is deep sleep that promotes physical recovery and strengthens memories, while REM sleep is associated with dreaming and processing of emotions.

Professor Arnold said: "CBN was found to increase both NREM and REM sleep, leading to increased total sleep time, with a comparable effect to the known sleep drug zolpidem."

NON-INTOXICATING

Unlike its parent molecule THC, CBN did not appear to intoxicate rats. THC intoxicates by activating CB1 cannabinoid receptors, which are present in the brain. The study showed that unlike THC, CBN only weakly activates these receptors. To their surprise, the researchers found that a metabolite of CBN had significant effects on cannabinoid CB1 receptors.

A metabolite is a chemical produced via the metabolism of a larger molecule in the body.




They also found that the 11-OH CBN metabolite had some impact on sleep architecture, which might contribute to the overall effects of CBN on sleep.

"This provides the first evidence that CBN indeed increases sleep using objective sleep measures. It was a surprise that CBN metabolism in the body can yield a much greater effect on cannabinoid CB1 receptors than the parent molecule CBN, which has much more limited activity," Professor Arnold said.

"At this stage our results are confined to testing in rats. Further research is needed to see if this translates to humans."

FURTHER STUDY

In a parallel study, yet to be published, Professor Iain McGregor, Director of Clinical Research at the Lambert Initiative, initiated a placebo-controlled randomised human clinical trial in insomnia patients. This was led by PhD student Isobel Lavender with leading sleep researcher Dr Camilla Hoyos from the Woolcock Institute of Medical Research. The trial has now been completed with very promising results that were recently announced at the International Cannabinoid Research Society and Sleep DownUnder scientific conferences.

"Our research encourages further basic and clinical research on CBN as a new treatment strategy for sleep disorders, including insomnia. Our clinical study only administered CBN on a single occasion. A trial on a larger scale, that includes repeated dosing, is the logical next step," Professor McGregor said.

Professor Arnold said: "The team has now commenced a preclinical drug discovery program around CBN, as well as observing whether the pro-sleep effects of CBN can be further amplified by other molecules found in cannabis, or by conventional sleep aids, such as melatonin."
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A new wrinkle in turtles: Their genomes fold in a unique way, researchers find | ScienceDaily
In their long strings of nucleotides, DNA molecules hold massive troves of genetic data providing instructions for how living organisms should function -- the blueprint of life. How the blueprint is stored, however, impacts how it is read and used.


						
As cells divide and replicate, DNA strands coiled around proteins -- chromatin -- are in tightly bundled chromosomes. After division, the chromosomes loosen and chromatin is less compact. How and where the chromatin fiber folds and loops onto itself affects what genes are activated. Findings from an Iowa State University-led research team offer new insight into this process that may have potential biomedical uses.

"The three-dimensional structure of the chromatin when it's folded matters for gene regulation. Where chromatin physically sits in the nucleus matters. The evolution of chromatin folding patterns alters genome function and developmental programs that drive phenotypic evolution and adaptation to changing environments," said Nicole Valenzuela, professor of ecology, evolution and organismal biology at Iowa State University. "Chromosome folding remains a bit of a black box. We've learned a lot about it, but it's still just the tip of the iceberg."

The shape and location of chromosomes during the post-division interphase of the cell cycle impacts gene function because it brings non-adjacent regions into contact, such as enhancer sequences and gene promoters. DNA readily available for interaction within active chromatin regions is more likely to be expressed, whereas DNA within less accessible repressed chromatin is silenced.

By analyzing how often different parts of DNA molecules contact each other, scientists have modeled the varying physical configurations of the chromatin in humans and many commonly researched animals, including mice and birds. Add turtles to the list, thanks to a research team Valenzuela helped lead. In a recent paper in Genome Research, the researchers described their study of the genomes of two species of turtles, which showed a surprising chromatin arrangement that hasn't been observed in other organisms.

A novel alignment

Chromosomes have a thinner junction point called a centromere and at their ends are protected by repetitive sequences of DNA called telomeres. In humans, chromosomes remain in separate territories inside the cell nucleus. But in the cells of some animals, like marsupials, chromosomes cluster so their centromeres can interact. In other animals, like birds, they cluster so telomeres are in contact. Turtles are the only animal studied so far where telomeres and centromeres are aligned to be near each other. These differences in folding and position translate into lineage-specific gene regulation.




"It's possible this is the ancestral condition of amniotes, from which mammals, birds and reptiles evolved in different patterns. The turtles may be showing us what existed at the beginning, shedding light on the evolution of vertebrate genomes," Valenzuela said.

Learning more about the three-dimensional genome structure of turtles and how it responds to environmental conditions could help explain the genetic basis of traits that could be leveraged for biomedical uses in humans. For instance, some turtles can survive weeks without oxygen, which could lead to treatment of strokes. Figuring out how some turtles can withstand extreme cold could benefit cryogenic preservation of human tissues.

"We want to understand more about why different lineages are different in some aspects and why they're the same in others, what parts we share and what parts differ," said Valenzuela, whose research focuses on turtles. "If we can reconstruct the evolutionary history of the changes that have taken place, we will be able to tell much more about how the differences in the packaging of the DNA and the folding of chromosomes might be affecting the traits we're interested in, how genes are regulated and how vertebrate genomes evolve. And understanding how turtle chromatin structure responds to external conditions also will benefit conservation efforts by helping predict the potential effect of environmental change on their biology."

The study was funded in part by two grants from the National Science Foundation.

Digging deeper

Studying the spatial organization of turtle genomes will continue to be an emphasis for Valenzuela's lab, she said.




Future plans include examining additional turtle species. The current study concerned the spiny softshell and northern giant musk turtles, but Valenzuela's research group has already collected the data to look at the genomic structure of four more species of turtles. She'd also like to compare turtles to crocodiles, lizards and snakes to see if their chromatin arranges in similar patterns.

To dig deeper on the function of turtles' chromatin folding, Valenzuela will study the liver organoids her lab developed for three species of turtles -- tiny, lab-grown balls of cells that mimic a simplified version of liver tissue.

More sophisticated mapping methods also will yield richer results, including higher-resolution data that produces even more detailed chromatin maps and techniques for studying how the 3-D chromatin structure changes over time and in different environments.

"To really do genotype-to-phenotype mapping, we have to get to this level of complexity," she said.
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A milestone in the study of octopus arms | ScienceDaily
Mechanical engineering PhD candidate Arman Tekinalp, fellow graduate student Seung Hyun Kim, Professor Prashant Mehta, and Associate Professor Mattia Gazzola, all from the Department of Mechanical Science and Engineering at the University of Illinois Urbana-Champaign, published in the Proceedings of the National Academy of Science (PNAS). Their interdisciplinary collaboration also included Assistant Professor Noel Naughton (formerly a Beckman fellow) from the Department of Mechanical Engineering at Virginia Tech alongside researchers from the Department of Molecular and Integrative Physiology at Illinois and others from the University of North Carolina Chapel Hill and the University of South Florida. Their paper, "Topology, dynamics, and control of a muscle-architected soft arm," which made the cover, describes an unprecedented computational model that captures the intricate muscular architecture of an octopus arm.


						
The model is in turn used to explain how structural mechanics dramatically simplify the control of the arm by automatically orchestrating complex three-dimensional recurrent motions out of simple muscle contraction patterns. The researchers have been collaborating on this work since 2019 with the overarching goal of developing "cyberoctopus" capability -- in other words, creating robotic control systems that can replicate the complex movements of octopus arms.

In many animals including humans, a centralized brain serves as the decision-making hub, or controller, for the rest of the body. In contrast, octopus "brains" are distributed along the eight arms such that each arm can operate independently. Furthermore, the octopus's physiology allows each arm to achieve a range of motion described by nearly infinite degrees of freedom, making computation extremely complex.

"The general motivation is to figure out how to control a complex system with many degrees of freedom and find an alternative to running expensive computations," Gazzola said. "The octopus is an interesting animal model that has been studied since the 1980s. [Researchers] want to know the 'secret' to its abilities."

"I find it very interesting to learn from live animals and translate some of the insights into ideas for soft robotic design," Tekinalp said of his motivation for the study.

In previous efforts, the researchers worked with an interdisciplinary team to develop a theoretical approach to controlling a simplified octopus arm model. In this work, the team employed MRI and histological and biomechanical data to simulate a realistic arm comprised of nearly 200 intertwined muscle groups.

They also used image tracking to record the movements of a live octopus as it performed tasks in a tank. The octopus was placed on one side of a Plexiglas sheet with a hole through which only one arm could reach. In the experiments, a tempting object was placed on the opposite side of the sheet. The researchers could then video-capture the octopus reaching for and manipulating the object.




"It was almost like working with a little kid," Gazzola recalled of observing the octopus. "You have to know how to approach [the octopus] and keep it engaged."

From the imaging, the team extracted motion data and showed in simulation that their control approach could replicate the complex motions exhibited by the octopus arm. "We used topology and differential geometry to apply a set of fundamental theoretical results to the arm to describe its shape and control it via muscle actuation," Gazzola said.

To describe the arm's motion, the team developed simple muscle activation templates that could achieve complex 3D motion. "Instead of working with thousands of degrees of freedom, we related two topological quantities -- writhe and twist -- to muscle dynamics," Gazzola said. "These two quantities are each controlled by different muscle groups whose coactivation gives rise to a third topological quantity, that describe the arm's 3D morphological changes -- that is, its motion."

Their high-fidelity computational model is a milestone both in biology, where it can help explain the octopus's impressive capability, and engineering. "The computational model is a useful testbed for roboticists to test their algorithms," Mehta said.

The long-term study represents interdisciplinary efforts from multiple research groups and several students on campus over the years. Indeed, the team continues to change -- Tekinalp, who will graduate in December 2024, will be going on to a postdoctoral position at the University of Maryland, College Park.

"For both Mattia and I, it was heartening to see the close cooperation between the students from our two research groups," Mehta said.

Among the many next steps for this work, the researchers anticipate expanding their simulation techniques to investigate methods of controlling all eight arms in a collaborative fashion (e.g., mimicking how an octopus might work with multiple objects at once). They also hope to translate their findings into robotic prototypes for experimental testing.

"Our theoretical understanding is still an intuitive approach," Gazzola said of additional next steps. "We want to develop an automated framework so that our octopus model can learn to perform tasks on its own."
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Fighting microplastics for a cleaner future | ScienceDaily
Microplastics, plastics smaller than 5 millimeters, are littered across the world, contributing to global warming, disrupting food chains, and harming ecosystems with toxic chemicals. This is why Dr. Manish Shetty is working to break down plastics before they can get into the environment.


						
Creating sustainable chemicals and developing better waste management will contribute to better sustainability. This research is part of figuring out how to make green hydrogen available for waste management using catalysts.

Shetty's research uses solvents in low amounts that also act as hydrogen sources to break down a specific class of plastics called condensation polymers, which include polyethylene terephthalate (PET) bottles, packaging, textiles, and 3D printing.

"What we have done in this research is to break down condensation polymers to aromatic compounds that can be used as fuels," Shetty said. "We use organic compounds called liquid organic hydrogen carriers to store hydrogen and use that hydrogen to break down the polymers."

Shetty and his team were able to design catalysts that can harness the stored hydrogen after the breakdown of these condensation polymers, as outlined in Shetty's recent paper published in Angewandte Chemie International Edition.

The research shows how catalyst surfaces use hydrogen leaving from these organic carriers to transform the PET to p-xylene, a molecule that can be used for fuels or chemicals. Shetty says that his research not only offers a waste-management solution but is also crucial for the sustainability of the chemical industry.

"We have developed a solution for sustainability and waste management on these catalysts," Shetty said. "These organic molecules transport this hydrogen from where it's generated to where it's used for waste management, especially in an urban environment where we collect a lot of these wastes."

The research approach is to use methanol for breaking down PET to smaller fragments as well as an H2 source to form p-xylene from PET, a potential chemical or a fuel, according to the paper.

Shetty believes that applying this research could change our economy from relying on fossil fuels.

"One of the things that might happen is, as hydrogen becomes more available, especially for green hydrogen, which is through water electrolysis, we need the hydrogen carriers as a transport vector," Shetty said. "One such use would be waste management and valorization."
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50 years of survey data confirm African elephant decline | ScienceDaily
Habitat loss and poaching have driven dramatic declines in African elephants, but it is challenging to measure their numbers and monitor changes across the entire continent. A new study has analyzed 53 years of population survey data and found large-scale declines in most populations of both species of African elephants.


						
From 1964-2016, forest elephant populations decreased on average by 90%, and savanna elephant populations fell on average by 70%. In combination, populations declined by 77% on average. The study compiled survey data from 475 sites in 37 countries, making it the most comprehensive assessment of African elephants to date.

Declines were not uniform across the continent, with some populations disappearing completely and others showing rapid growth. Colorado State University Professor George Wittemyer, one of the architects of the study and chair of the scientific board of Save the Elephants, said that identifying success stories where elephant populations are stable or increasing could help with their conservation.

"The context and the solutions at different sites can be quite different, but there are examples where people are effectively managing and protecting these populations," Wittemyer said. "It helps to have a contextually relevant model for elephant conservation, and we've got that in a lot of different places."

The study, published in Proceedings of the National Academy of Sciences, modeled site-level elephant density rather than numbers because the survey area was not constant over time for most survey sites. A clear trend toward smaller populations emerged.

"This paper shows the scale of the declines and how widespread they are across the continent," Wittemyer said. "It shines a light on how quickly even something as big and noticeable as elephants can just disappear."

Not simple arithmetic

Elephants may be big and noticeable, but counting them is complicated and resource intensive. Surveys of savanna elephants are done by spotters in planes, and forest elephants must be counted on foot. Drones aren't yet capable of the long flights over remote areas necessary to survey elephants, and processing drone imagery also is resource intensive.




Africa is more than three times the size of the United States, and each African country has its own wildlife management policies and political system. Some places survey regularly, and others not at all. Existing surveys were conducted through careful logistical planning and resource investment.

"We were really happy to bring all of that data together and leverage it, given the effort and care taken to collect it," Wittemyer said.

As elephant populations declined, some protected spaces were condensed and survey borders changed. To compensate for shrinking survey areas and gaps in data, the study authors had to use places with good information to estimate population change for nearby places with less information. They looked at site-based trends to get a picture of the overall distribution of trends.

"The strength of our approach is that we were able to infer these trends, even in places where the data were extremely poor, in a way that allowed the results from each survey site to be compared," said co-author Charles Edwards, a research scientist with CEscape consultancy services. "Understanding how and where trends are different across the range of a species is arguably more important for their conservation than an overall change in abundance, which may only reflect change in the largest populations."

"It's not a metric of the number of elephants left on the continent," Wittemyer added. "It's an assessment of how each population is doing, and they're generally not doing great."

Shifting distribution

The study examined how African elephants fared by species and region. In the war-torn Sahel region of northern Africa, elephant populations have been decimated. Eastern and central Africa generally saw declines from ivory poaching as well as from human population growth and wilderness conversion crowding out elephants.




However, elephants are thriving in parts of southern Africa, particularly in Botswana, where populations have been protected and sustainably managed.

The authors said that the study's comprehensive assessment of the status of African elephants is fundamental to management decisions like knowing where to invest limited funding and capabilities to best protect elephants.

"The overall story is one of decline, but we're focusing on long-term stability of the species," Wittemyer said. "I think we can do that in a bunch of places, but not all places."
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Was 'Snowball Earth' a global event? Study delivers best proof yet | ScienceDaily
Geologists have uncovered strong evidence from Colorado that massive glaciers covered Earth down to the equator hundreds of millions of years ago, transforming the planet into an icicle floating in space.


						
The study, led by the University of Colorado Boulder, is a coup for proponents of a long-standing theory known as Snowball Earth. It posits that from about 720 to 635 million years ago, and for reasons that are still unclear, a runaway chain of events radically altered the planet's climate. Temperatures plummeted, and ice sheets that may have been several miles thick crept over every inch of Earth's surface.

"This study presents the first physical evidence that Snowball Earth reached the heart of continents at the equator," said Liam Courtney-Davies, lead author of the new study and a postdoctoral researcher in the Department of Geological Sciences at CU Boulder.

The team will publish its findings in the Proceedings of the National Academy of Sciences. Co-authors include Rebecca Flowers, professor of geological sciences at CU Boulder, and researchers from Colorado College, the University of California, Santa Barbara and University of California, Berkeley.

The study zeroes in on the Front Range of Colorado's Rocky Mountains. Here, a series of rocks nicknamed the Tavakaiv, or "Tava," sandstones hold clues to this frigid period in Earth's past, Courtney-Davies said.

The researchers used a dating technique called laser ablation mass spectrometry, which zaps minerals with lasers to release some of the atoms inside. They showed that these rocks had been forced underground between about 690 to 660 million years ago -- in all likelihood from the weight of huge glaciers pressing down above them.

Courtney-Davies added that the study will help scientists understand a critical phase in not just the planet's geologic history but also the history of life on Earth. The first multicellular organisms may have emerged in oceans immediately after Snowball Earth thawed.




"You have the climate evolving, and you have life evolving with it. All of these things happened during Snowball Earth upheaval," he said. "We have to better characterize this entire time period to understand how we and the planet evolved together."

Searching for snow

The term "Snowball Earth" dates back to a paper published in 1992 by American geologist Joseph Kirschvink.

Despite decades of research, however, scientists are yet to agree whether the entire globe actually froze. Geologists, for example, have discovered the fingerprints of thick ice from this time period along ancient coastal areas, but not within the interior of continents close to the equator.

Which is where Colorado enters the picture. At the time, the region didn't sit at the northern latitudes where it does today. Instead, Colorado rested over the equator as a landlocked part of the ancient supercontinent Laurentia.

If glaciers formed here, scientists believe, then they could have formed anywhere.




Going deep

The search for that missing piece of the puzzle brought Courtney-Davies and his colleagues to the Tava sandstones. Today, these features poke up from the ground in a few locations along Colorado's Front Range, most notably around Pikes Peak. To the untrained eye, they might seem like ordinary-looking yellow-brown rocks running in vertical bands less than an inch to many feet wide.

But for geologists, these features have an unusual history. They likely began as sands at the surface of Colorado at some point in the past. But then forces pushed them underground -- like claws digging into the Earth's crust.

"These are classic geological features called injectites that often form below some ice sheets, including in modern-day Antarctica," Courtney-Davies said.

He wanted to find out if the Tava sandstones were also connected to ice sheets. To do that, the researchers calculated the ages of mineral veins that sliced through those features. They collected tiny samples of the minerals, which are rich in iron oxide (essentially, rust), then hit them with a laser. In the process, the minerals released small quantities of the radioactive element uranium. Because uranium atoms decay into lead at a constant rate, the team could use them as a sort of timekeeper for the planet's rocks.

It was a Eureka moment: The group's findings suggest that the Tava sandstone had been pushed underground at the time of Snowball Earth. The group suspects that, at the time, thick ice sheets formed over Colorado, exposing the sands to intense pressures. Eventually, and with nowhere else to go, they pushed down into the bedrock below.

"We're excited that we had the opportunity to unravel the story of the only Snowball Earth deposits that have so far been identified in Colorado," Flowers said.

The researchers aren't done yet: If such features formed in Colorado during Snowball Earth, they probably formed in other spots around North America, too, Courtney-Davies said:

"We want to get the word out so that others try and find these features and help us build a more complete picture of Snowball Earth."
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Super microscope shows nanoscale biological process for the first time | ScienceDaily
In Nijmegen, the world's first microscope has been installed that is capable of live imaging of biological processes in such detail that moving protein complexes are visible. This new microscopic technique was developed by researchers led by Nico Sommerdijk from Radboud university medical center. As a demonstration of this innovative technique, Sommerdijk is now showcasing how arterial calcification begins.


						
Previously, researchers faced a choice. They could use a microscope to examine material in detail down to the molecular level, but only in frozen, motionless samples. Alternatively, they could observe living, moving material, but with far less detail. Radboudumc researchers have developed a technique that combines both approaches. This opens up various new possibilities for the future, such as visualizing how the COVID-19 vaccine enters a cell or capturing the initial stages of arterial calcification.

Protection

There were many technical challenges. 'If you want to see protein complexes in such fine detail, you need an electron microscope', explains Nico Sommerdijk, Professor of Bone Biochemistry at Radboudumc. 'But the electron beam used can damage the biological material and the surrounding fluid, which is undesirable when you want to observe natural processes in the material over extended periods.'

The solution is to apply a protective layer around the material to minimize damage from the electron beam. This can be achieved with graphene, an ultra-strong substance composed of a single layer of carbon atoms. 'But as soon as you apply it, the biological process you want to capture starts immediately', Sommerdijk explains. 'And then you have to quickly reach the microscope, locate the right spot in the tissue, and set up the microscope. This process takes at least half an hour, and sometimes the process is already over by then.'

Calcification

Sommerdijk and his team devised a method to address all these challenges. They apply a layer of graphene around the tissue and freeze it immediately, pausing biological processes. Then, using a light microscope, they identify the specific area in the tissue they want to visualize. Only after determining the correct orientation is the material placed in the new electron microscope, which can perform measurements in liquid. In this setup, the material is warmed, reactivating the biological processes, which are then directly visualized on a nanoscale.

As an example of what the new technique can reveal, Sommerdijk and his team now show how calcium deposits in a form that may lead to calcification of the arteries and aortic valve. PhD candidate Luco Rutten explains: 'If there's too much calcium phosphate in the blood, a particular protein in the body can bind to it, preventing it from precipitating. The kidneys then clear it out. Under the microscope, we see that these proteins form tiny spheres with calcium phosphate, which can still be broken down. But these spheres can also grow larger, causing calcium phosphate to turn into calcified deposits, which can no longer be broken down.' This may contribute to calcification in the body.

Heart valve on a chip

Currently, no treatment exists for calcified aortic valves other than complete valve replacement. 'We still don't fully understand what exactly happens with this type of calcification, which is why there are no medications yet', says Sommerdijk. He aims to further study this with the new microscope and has recently received an ERC Advanced Grant to support this work. In this project, he plans to develop a 'heart valve on a chip'. Initially, this will be a model of a healthy valve, into which he will then introduce calcification. This project will begin in 2025.
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A new paradigm in high-speed photoacoustic small animal whole-body imaging | ScienceDaily
A research team led by Professor Chulhong Kim from the Department of Electrical Engineering, the Department of Convergence IT Engineering, the Department of Mechanical Engineering, and School of Convergence Science and Technology at POSTECH, researcher Seongwook Choi (Ph.D., Stanford University) from POSTECH Institute of Artificial Intelligence, and researcher Jinge Yang (Ph.D., Caltech) from the Department of Electrical Engineering has developed an advanced continuous rotational scanning photoacoustic computed tomography (PACT) system for rapid imaging of living organisms. This innovative work was recently published in the online edition of "Laser & Photonics Reviews," an international journal in optics.


						
There is increasing recognition of the need to track whole-body dynamics to understand complex biological processes and disease progression in living organisms. Currently, various imaging techniques, including X-ray CT, MRI, PET, and optical imaging, are used with small animal models, each with its own advantages and limitations. This has led researchers to explore PACT as a tool for observing the structural, functional, and molecular characteristics of biological tissues.

PACT system combines the strengths of optical and ultrasound imaging, presenting a promising alternative to traditional imaging methods. Conventional whole-body PACT approaches, however, were constrained by lengthy whole-body imaging times and a one-sided view.

To address these challenges, the team developed the PACT system to quickly capture multiple biological parameters within the torso of small animals. The system uses a rapidly rotating array of hemispherical ultrasound transducers, allowing simultaneous collection of multiple data points at a significantly faster rate than conventional step-by-step scans. With this innovation, the researchers were able to acquire 360deg anatomical images of a rat torso in just nine seconds, complete a full whole-body scan in 54 seconds, and achieve a spatial resolution of approximately 212 micrometers (mm).

This system enabled the team to visualize whole-body structures and monitor drug kinetics as well as changes in hemoglobin oxygen saturation in live animals. Notably, the ability to observe oxygen saturation across a wide range of tissues is expected to substantially enhance our understanding of oxygen transport and distribution within complex biological systems.

Professor Chulhong Kim of POSTECH expressed the significance of the research by saying, "This technology matches the performance of existing imaging techniques while also providing molecular and functional information." Dr. Seongwook Choi remarked, "This system offers valuable insights into the rapid dynamics of biological systems and oxygen kinetics in preclinical research."

The research was conducted with support from the Program for Key Research Institutes for Universities of the Ministry of Education, the Mid-Career Research Program and the BRIDGE from the Ministry of Science and ICT, the Governmental Medical Device R&D Program, and BK21.
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The Shellowship of the Ring: Two new snail species named after Tolkien characters | ScienceDaily
Researchers have named two newly discovered freshwater snail species from Brazil after characters from The Lord of the Rings.


						
Described in the open-access journal Zoosystematics and Evolution, Idiopyrgus eowynae and Idiopyrgus meriadoci were named in honour of Eowyn and Meriadoc Brandybuck from J.R.R. Tolkien's iconic series.

In their research paper, the authors explain the name Idiopyrgus eowynae, stating, "Eowyn exemplifies courage, resilience, and resistance against darkness, both internal and external, standing against Grima Wormtongue and the Witch-king of Angmar."

Regarding Idiopyrgus meriadoci, they write, "Besides standing with Eowyn against the Witch-king in the Battle of the Pelennor Fields, Merry is also an example of the fight for nature conservation in Middle-earth, pushing the Ents into action and ultimately ending Saruman's threat to Fangorn Forest."

The discovered species are troglobitic and were found in a single limestone cave in the Serra do Ramalho karst area of Bahia state, northeastern Brazil. The gastropods belong to the family Tomichiidae, a group previously known for inhabiting surface freshwater environments but now shown to have adapted to subterranean ecosystems.

Both snails have unique periostracal hairs -- thorn-like structures -- on their shells, a feature uncommon among Brazilian freshwater snails. Their cave-specific adaptations include reduced pigmentation, fragile shells, and small size.

The Gruna do Pedro Cassiano cave, where the snails were discovered, is a fragile ecosystem threatened by water extraction, deforestation, and climate change. Due to the species' limited habitat and environmental threats to their subterranean ecosystem, the authors recommend their classification as vulnerable. The findings highlight the importance of protecting Brazil's subterranean biodiversity and raise concerns about the impact of human activities on these delicate ecosystems.

On his choice of Tolkien-inspired names for the new species, lead author Dr Rodrigo B. Salvador of the Finnish Museum of Natural History said, "I tend to use lots of pop culture references in my species names -- from books, comics, Dungeons & Dragons, and video games. If we think about it, there is a long-standing tradition in taxonomy of using names from mythology and literature to name species.

"Granted, in the old days, those names mostly came from Greek and Roman myths and Shakespeare. Today, we have newer mythologies and literature classics, so in a way, we're just continuing that tradition."
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Research team successfully produces microbial plastic to replace PET bottles | ScienceDaily
Currently, the world is suffering from environmental problems caused by plastic waste. The KAIST research team has succeeded in producing a microbial-based plastic that is biodegradable and can replace existing PET bottles, making it a hot topic.


						
The university announced on the 7th of November that the research team of Distinguished Professor Sang Yup Lee of the Department of Chemical and Biomolecular Engineering has succeeded in developing a microbial strain that efficiently produces pseudoaromatic polyester monomer to replace polyethylene terephthalate (PET) using systems metabolic engineering.

Pseudoaromatic dicarboxylic acids have better physical properties and higher biodegradability than aromatic polyester (PET) when synthesized as polymers, and are attracting attention as an eco-friendly monomer* that can be synthesized into polymers. The production of pseudoaromatic dicarboxylic acids through chemical methods has the problems of low yield and selectivity, complex reaction conditions, and the generation of hazardous waste.

To solve this problem, Professor Sang Yup Lee's research team used metabolic engineering to develop a microbial strain that efficiently produces five types of pseudoaromatic dicarboxylic acids, including 2-pyrone-4,6-dicarboxylic acid and four types of pyridine dicarboxylic acids (2,3-, 2,4-, 2,5-, 2,6-pyridine dicarboxylic acids), in Corynebacterium, a bacterium mainly used for amino acid production.

The research team used metabolic engineering techniques to build a platform microbial strain that enhances the metabolic flow of protocatechuic acid, which is used as a precursor for several pseudoaromatic dicarboxylic acids, and prevents the loss of precursors.

Based on this, the genetic manipulation target was discovered through transcriptome analysis, producing 76.17 g/L of 2-pyrone-4,6-dicarboxylic acid, and by newly discovering and constructing three types of pyridine dicarboxylic acid production metabolic pathways, successfully producing 2.79 g/L of 2,3-pyridine dicarboxylic acid, 0.49 g/L of 2,4-pyridine dicarboxylic acid, and 1.42 g/L of 2,5-pyridine dicarboxylic acid.

In addition, the research team confirmed the production of 15.01 g/L through the construction and reinforcement of the 2,6-pyridine dicarboxylic acid biosynthesis pathway, successfully producing a total of five similar aromatic dicarboxylic acids with high efficiency.




In conclusion, the team succeeded in producing 2,4-, 2,5-, and 2,6-pyridine dicarboxylic acids at the world's highest concentration. In particular, 2,4-, 2,5-pyridine dicarboxylic acid achieved production on the scale of g/L, which was previously produced in extremely small amounts (mg/L).

Based on this study, it is expected that it will be applied to various polyester production industrial processes, and it is also expected that it will be actively utilized in research on the production of similar aromatic polyesters.

Professor Sang Yup Lee, the corresponding author, said, "The significance lies in the fact that we have developed an eco-friendly technology that efficiently produces similar aromatic polyester monomers based on microorganisms," and "This study will help the microorganism-based bio-monomer industry replace the petrochemical-based chemical industry in the future."

The results of this study were published in the international academic journal, the Proceedings of the National Academy of Sciences of United States of America (PNAS) on October 30th.

This study was conducted with the support of the Development of Next-generation Biorefinery Platform Technologies for Leading Bio-based Chemicals Industry Project and the Development of Platform Technologies of Microbial Cell Factories for the Next-generation Biorefineries Project (Project leader: Professor Sang Yup Lee) from the National Research Foundation supported by the Ministry of Science and Technology and ICT of Korea.
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The mystery of 'selfish' B chromosomes in rye solved | ScienceDaily
Some chromosomes, such as B chromosomes, can increase their inheritance rate to their own advantage. These extra chromosomes are found in many plants, animals, and fungi and rely upon various strategies to avoid being eliminated over time, as most organisms tend to remove non-essential genetic elements. However, the genetic mechanisms by which B chromosomes avoid elimination are poorly understood. An international research team led by IPK Leibniz Institute identified genes on the rye B chromosome, that are likely responsible for regulating this process. Today, the results were published in the journal Nature Communications.


						
Supernumerary B chromosomes, unlike A (standard) chromosomes, are not required for the normal growth and development of organisms and as of 2024, B chromosomes have been discovered in almost 3,000 species from all eukaryotic phyla. Most B chromosomes confer no detectable selective consequences at low numbers, but increased numbers can result in phenotypic aberrations and reduced fertility. To avoid elimination, many B chromosomes influence cell division in their favour and increase their copy number in the process. This phenomenon is called chromosome drive. The "selfish" B chromosomes, therefore, only become active when their existence is at stake and not for the benefit of the plant.

Drive mechanisms in B chromosome systems have been studied in many species and contexts using various technologies, from classical genetics to cytogenetics. But despite being an ideal test case to study the underlying mechanisms of the chromosome drive, B chromosome research has only slowly been able to capitalise on the data explosion of the DNA sequencing boom: B chromosomes are highly structurally complex, repetitive, and multitudinous, all of which make them resistant to pseudomolecule-level chromosome assembly, especially before recent developments in the area of long-read sequencing. As such, gene-level insight into the specific mechanisms that control chromosome drive is severely limited, and specific gene candidates implicated in this phenomenon have not been identified so far.

To identify drive-controlling factor(s) on the rye B chromosome, an international research team led by the IPK Leibniz Institute first narrowed down the size of the drive-control region. Next, the researchers used long DNA reads and assembled the rye B chromosome into a single ~430 Mb-long pseudomolecule and performed a detailed transcriptome analysis. "Using a newly-assembled B chromosome pseudomolecule, we identified five candidate genes whose role as moderators of chromosome drive is supported by additional studies," explains Jianyong Chen, first author of the study. "The DCR28 gene, which is presumably responsible for regulating this process, stood out," emphasises Prof. Andreas Houben, head of IPK's research group "Chromosome Structure and Function." Furthermore, it was shown that the B chromosome originated from fragments of all seven rye standard A chromosomes.

These findings could also be helpful for research into genetic diseases that are based on the unequal distribution of chromosomes.
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Elephant seal colony declines one year after avian flu outbreak | ScienceDaily
The sounds of barking elephant seals are again in the air along the breeding grounds of Peninsula Valdes, Argentina -- but it's quieter. Almost exactly a year after a massive outbreak of H5N1 highly pathogenic avian influenza killed more than 17,000 elephant seals, including about 97% of their pups, scientists estimate that only about a third of the elephant seals normally expected here returned.


						
"It's beautiful to walk the beaches now and hear elephant seals again," said Marcela Uhart, director of the Latin America Program at the UC Davis Karen C. Drayer Wildlife Health Center within the UC Davis School of Veterinary Medicine. "At the same time, we're walking among piles of carcasses and bones, and seeing very few elephant seal harems, so it's still disturbing."

A study, published today in the journal Nature Communications and co-led by UC Davis and the National Institute of Agricultural Technology (INTA) in Argentina provides evidence of mammal-to-mammal transmission during the 2023 outbreak. It found that H5N1 spread efficiently among marine mammals. The outbreak in elephant seals was a stepping stone amid the first transnational spread of the virus in these species, extending across five countries in southern South America.

The study's genomic analysis further found that, upon entering South America, the virus evolved into separate avian and marine mammal clades, which is unprecedented.

"We're showing the evolution of H5N1 viruses that belong to genotype B3.2 over time since their introduction in South America in late 2022," said virologist and co-leading author Agustina Rimondi of INTA and currently also with Robert Koch Institute. "This virus is capable of adapting to marine mammal species, as we can see from the mutations that are consistently found in the viruses belonging to this clade. Very importantly, our study also shows that H5 marine mammal viruses are able to jump back to birds, highlighting the need for increased surveillance and research cooperation in the region."

Elephant seal census

The Wildlife Conservation Society in Argentina (WCS Argentina) estimated the population of returning elephant seals as part of a decades-long monitoring project.




"We were totally appalled by the dramatic impact of the epidemic of avian influenza on this population," said co-author Valeria Falabella, WCS Argentina director of coastal and marine conservation. "It is likely that more than half of the reproductive population died due to the virus. It will take decades before the numbers are back to the 2022 population size."

Falabella said the epidemic reversed decades of conservation efforts for the species, adding that most of the adult males and many of the most experienced and fertile females have not returned.

Tracking and monitoring the virus among elephant seals is a collaborative effort. As WCS Argentina conducts its census, Uhart and colleagues from UC Davis document and sample every animal that dies for signs of H5N1, and Rimondi and colleagues test and sequence them at the Institute of Virology, INTA.

So far, no elephant seals have tested positive this breeding season. Yet lingering questions remain from last year's outbreak. For instance, scientists do not know if the virus was transmitted by aerosol, saliva, feces or other means, or if surviving animals have built resistance via protective antibodies. Such questions remain highly relevant.

Over the past year, the virus has been widespread in wild birds and has caused outbreaks in poultry and U.S. dairy cows, with recent cases reported among dairy and poultry workers. The U.S. Department of Agriculture reported the first H5N1 case in swine in the United States on Oct. 30. There is no known human-to-human spread of H5N1.

A virus' journey

The current variant of H5N1 clade 2.3.4.4b began to cause problems at a global scale in 2020. While humans confronted the COVID-19 pandemic, H5N1 began killing tens of thousands of seabirds in Europe before moving to South Africa. In 2021, it entered the United States and Canada, threatening poultry and wild birds, and spread to South America in late 2022.




By February 2023, highly pathogenic avian influenza was detected in Argentina for the first time, affecting poultry primarily in inland central Argentina for five months. By August 2023, after two months of no outbreaks in poultry, the virus appeared in sea lions at the tip of South America off the Atlantic coastline of Tierra del Fuego island. From there, it moved swiftly northward, with deadly results, first for marine mammals and later for seabirds.

In October 2023, following outbreaks in sea lions, the study authors surveyed the breeding colony of elephant seals at Punta Delgada along the coast of Peninsula Valdes, recording unprecedented mass mortality. Test results confirmed that HPAI H5N1 was present in the seals, as well as in several terns that died at the same time.

The authors said continued monitoring and investigation is critically important to better understand the virus' evolution. Its increased flexibility to adapt to new hosts could have global consequences for human health, wildlife conservation and ecosystems.

The study's co-authors include Ralph Vanstreels of UC Davis School of Veterinary Medicine; Martha Nelson of National Institutes of Health; Valeria Olivera of INTA-CONICET; Julieta Campagna, Victoria Zavattieri, Claudio Campagna of WCS Argentina; and Philippe Lemey of Rega Institute in Belgium.

The study was funded by the WCS Argentina, UC Davis and National Institute of Agricultural Technology.
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International canine gene research database accelerates biomedical research | ScienceDaily
A new database covering over 100 different canine tissues can significantly enhance our understanding of hereditary diseases and provide valuable information for health research in both dogs and humans.


						
The International DoGA Consortium has achieved a significant milestone in genetics research by creating a comprehensive canine promoter and gene expression atlas. The atlas is a database that shows which genes are active in different parts of the body and when they are activated. This helps researchers better understand how genes function in various situations and how they impact health and diseases.

An important tool for the scientific community studying genetic diseases

"This new international database is a significant advancement for genetic disease researchers, not only for dogs but also for other species. Our comprehensive database provides a crucial resource for understanding gene regulation and will serve as a critical tool for the scientific community for years to come," says Professor Hannes Lohi, one of the lead researchers of the study from the Faculty of Veterinary Medicine and Medicine at the University of Helsinki.

The creation of the DoGA atlas was the result of close collaboration among researchers worldwide. The project involved experts in genomics, veterinary medicine, and computational biology. Researchers collected over 5,000 samples from various dog breeds and wolves, using advanced RNA sequencing techniques to map gene expression and promoter structures. This extensive work significantly improves the canine gene map compared to other model organisms such as mice, zebrafish, or cattle.

A versatile resource for future medical research

"We created a research resource that significantly enhances the use of dogs as a model for human health research, as well as directly for studying canine genetics. We demonstrated the potential of the database with several examples for different research purposes, such as comparing changes during embryonic development, the expression of disease genes in various tissues, and the regulation of genes related to behavioral traits," explains PhD Matthias Hortenhuber, one of the leading authors of the article from Karolinska Insitutet, Stockholm.

The open DoGA database provides the scientific community with an interactive gene atlas, allowing researchers to comprehensively study gene expression in different tissues. This enables the prioritization of hereditary factors related to diseases and promotes research between humans and dogs. The data collected in the database can be used to map genes associated with cancers, epilepsy, and psychiatric disorders.

"By improving our understanding of gene regulation in both dogs and wolves, the DoGA database is expected to have a significant impact on both veterinary and human medicine. For example, we can investigate how much the brains of dogs and wolves differ from each other. Additionally, the unique genetic history and breed structures of dogs, combined with the new functional gene map, provide an effective framework for studying genetic diseases," summarizes Lohi.
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        Organ donation: Opt-out defaults do not increase donation rates, study finds
        A recent study shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors.

      

      
        Anti-fatberg invention could help unclog city sewers
        Engineers have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.

      

      
        Can we live on our planet without destroying it?
        How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? A new article tackles these questions.

      

      
        How to reduce social media stress by leaning in instead of logging off
        Young people's mental health may depend on how they use social media, rather than how much time they spend using it. Psychology researchers tried an experiment with three groups. They asked one group to stay off social media. They taught another group how to use it more constructively. The third group stuck with their usual routine. The group that stayed away, AND the group that used it differently, both reported improvements in their mental health.

      

      
        Building a diverse wildland fire workforce to meet future challenges
        Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.

      

      
        Fossil fuel CO2 emissions increase again in 2024
        Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research.

      

      
        Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills
        Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships, according to new research.

      

      
        Experts urge complex systems approach to assess artificial intelligence risks
        Scientists point out that a coherent approach to understanding the threats posed by artificial intelligence is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between AI and society.

      

      
        Debunked: Children aren't quicker at picking up new motor skills than adults
        Contrary to popular belief, children aren't better at learning new skills than adults. Indeed, young adults seem to learn faster than kids -- but also tend to forget more quickly. Here, better sleep seems to advantage children.

      

      
        Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets
        A new study finds that limiting global warming to 1.5 degrees Celsius is still possible, but some countries require support to meet their climate responsibilities. An 'additional carbon accountability' indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

      

      
        Machine learning predicts highest-risk groundwater sites to improve water quality monitoring
        An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.

      

      
        Pandemic-era increase in alcohol use persists, research shows
        A new finds that heavy drinking among adult Americans increased more than 20 percent during the peak of the COVID-19 pandemic and continued for the following two years.

      

      
        Fear of another heart attack may be a major source of ongoing stress for survivors
        Fear of another heart attack was a significant ongoing contributor to how heart attack survivors perceive their health, according to a study. While anxiety and depression are recognized as common conditions after a heart attack, they did not explain the impact of fear of recurrence in this study. The researchers suggest that fear of another heart attack should be evaluated and addressed separately from depression and anxiety.

      

      
        While more is better, even moderate amounts of exercise may reduce risk for common heart condition
        Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a study shows.

      

      
        The refrigerator as a harbinger of a better life
        To get a good sense of a country's level of development, you need to look at the items people have in their homes, according to economists. Research on low- and middle-income countries often focuses on income, health or education, but that doesn't tell you the full story of a country's situation.

      

      
        'Emotional contagion' a factor in seniors' mental health
        A new study finds that seniors who tend to mirror other people's feelings are more likely to show signs of being anxious or depressed themselves.

      

      
        Experiences of discrimination linked to postpartum weight retention
        Researchers have been unable to explain why after giving birth, Black patients are two to three times as likely to retain or gain additional weight compared to their white counterparts, even when pre-pregnancy weight and gestational-weight trajectories are comparable. A first-of-its-kind study points to the stress of lived experiences with racism and gender-based discrimination as a possible explanation.

      

      
        Why health and price, not sustainability, drive US meat consumption choices
        Environmental sustainability isn't a major factor influencing meat consumption decisions for most Americans, despite increasing awareness of the climate impacts of red meat production, according to researchers.

      

      
        Power of aesthetic species on social media boosts wildlife conservation efforts, say experts
        Facebook and Instagram can boost wildlife conservation efforts through public awareness and engagement, according to a new study.

      

      
        How prisons fall short in protecting the incarcerated from climate disasters
        A new study paints a grim picture of how blistering heat, wildfire smoke and other extreme weather events impact Colorado's jail and prison population.

      

      
        Current test accommodations for students with blindness do not fully address their needs
        Researchers in Japan have demonstrated that the current accommodations for examinees with blindness for examinations such as those related to admissions are inadequate, particularly for examinations requiring the reading of complex tables.

      

      
        Dog-owner interaction is reflected in heart rate variability
        A recent study showed that the heart rate variability of a dog and its owner adapt to each other during interaction. High heart rate variability is associated with relaxation, while low heart rate variability indicates stimulation. The study deepens our understanding of the emotional connection between a dog and its owner, including its underlying physiological mechanisms.

      

      
        How much climate change is in the weather?
        Only a few weeks ago, massive precipitation produced by the storm 'Boris' led to chaos and flooding in Central and Eastern Europe. An analysis shows that in a world without the current level of global warming Boris would have deposited roughly nine percent less rain. Such conclusions can be drawn thanks to a new modelling approach called 'storylines'.

      

      
        Pioneering Planetary Boundaries science as key to mitigating rising planetary risks
        The Planetary Boundaries framework is a pivotal tool for tackling the climate crisis and safeguarding humanity's future on Earth. For the first time, the full story of the Planetary Boundaries is now being told from its beginning: In a review, researchers highlight the growing influence of the framework across disciplines and its impact on society and policy. The paper offers a unique overview of how the framework has been adopted across sectors.

      

      
        Chimpanzees perform better on challenging computer tasks when they have an audience
        When people have an audience watching them, it can change their performance for better or worse. Now, researchers have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this 'audience effect' predates the development of reputation-based human societies, the researchers say.

      

      
        School suspensions and expulsions can lead to a lifetime of depression, study finds
        A new study shows that children who are suspended or expelled from school report higher rates of depression in adolescence and into adulthood.

      

      
        Encouraging quiet during zoo visits might lead to a better appreciation of the animals
        Encouraging quietness during zoo trips can help visitors better appreciate their inhabitants and lead to more fulfilling, respectful and informative experiences, a new paper argues.

      

      
        Soil sampling in Houston's Greater Fifth Ward reveals toxic levels of lead in yards, play areas
        Study results showed the highest detectable concentrations of heavy metals were lead, barium and chromium. All samples except for lead had less than or the same levels expected for an urban area. The median levels of lead detected in seven samples from play areas (400 mg/kg) and three samples from residential areas (1200 mg/kg) were four times the levels for Texas overall. And these likely were underestimated because they did not account for lead-based paint or automotive fuel.

      

      
        Some of the world's least polluting populations are at much greater risk of flooding fueled by climate change
        A new study has exposed for the first time how inhabitants of the smallest countries globally, contributing least to climate change, already bear the brunt of its devastating consequences and the burden is likely to worsen.

      

      
        Do no harm: Researchers help doctors identify words they should never say to patients
        Seriously ill patients and family members face intense emotional suffering, and researchers, say clinicians must engage in 'compassionate communication' as part of the treatment process. They have identified so-called 'never words' that should not be said under any circumstances; offer methods for clinicians to identify their own never words; and provide more helpful language to use instead.

      

      
        Study links liver-brain communication to daily eating patterns
        People who work the nightshift or odd hours and eat at irregular times are more prone to weight gain and diabetes, likely due to eating patterns not timed with natural daylight and when people typically eat. But is it possible to stave off the ill effects of eating at these 'unusual' times despite it not being biologically preferable? A study says 'yes', and sheds light on how the body knows when to eat. The study explains how researchers discovered a connection between the liver's internal clock...

      

      
        New study traces impact of COVID-19 pandemic on global movement and evolution of seasonal flu
        Increased capabilities for genomic surveillance have offered new insights into global viral evolution. Seasonal flu showed a 'remarkable' bounce back to pre-pandemic levels once international air travel resumed. Regions with fewer COVID-19 restrictions were associated with sustained flu virus transmission.
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Organ donation: Opt-out defaults do not increase donation rates, study finds | ScienceDaily
A recent study by the Max Planck Institute for Human Development, in collaboration with the MSB Medical School Berlin and the Max Planck UCL Centre for Computational Psychiatry and Ageing Research, shows that switching to an opt-out organ donation policy, where all adults are presumed organ donors unless they explicitly opt out, does not increase donations from deceased donors. The results of the study have been published in the journal Public Health.


						
With the demand for donor organs far outstripping the supply, calls for changes in public policy are growing. An opt-out ('presumed consent') default policy is often seen as a promising approach. This policy stipulates that all adults are automatically considered potential organ donors after their death, unless they explicitly withdraw their consent during their lifetime. In contrast, the opt-in ('explicit consent') system requires potential donors to actively consent to donate their organs after they die. The discussion around implementing an opt-out policy has recently gained traction again in Germany, raising the question of whether such a change in policy would actually lead to an increase in the number of deceased organ donors.

A recent analysis of all member countries of the Organisation for Economic Co-operation and Development (OECD) found no significant difference in deceased donor rates between opt-in and opt-out countries, but significantly fewer living donors -- individuals who voluntarily donate organs, like a kidney, while alive -- in opt-out countries. However, such cross-sectional analyses cannot control for all country-specific factors like health infrastructure, culture, and religious issues -- all of which can influence donation rates.

To address the limitations of prior research, the current study used a longitudinal approach, analyzing changes in deceased donor rates over time in five countries -- Argentina, Chile, Sweden, Uruguay, and Wales -- that had switched from an opt-in to an opt-out default policy. This method provided a more reliable assessment of the impact of opt-out policies by controlling for long-term trends and country-specific factors.

Data was collected from international databases, including the International Registry in Organ Donation and Transplantation (IRODaT) and the Global Observatory on Donation and Transplantation (GODT). Of the 39 countries that had changed from explicit to presumed consent by December 2019, only five could be included in the analysis due to a lack of historical data for changes made before the IRODaT database was launched in 1996 and because presumed consent practices often existed informally prior to formal legislation.

Consistent with previous cross-sectional analyses, the study found that switching the default from opt-in to opt-out did not lead to any increase in organ donation rates in the five countries considered. Moreover, the results indicated that the opt-out default did not cause even a slight upward curve in organ donations: the long-term trend remained the same, showing no change in the rate following the switch. As expected, the results did show a reduction in deceased donations with the onset of the COVID-19 pandemic, with only a slow recovery observed by 2022.

"Simply switching to an opt-out system does not automatically lead to more organ donations," states author Mattea Dallacker, who led the project at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "Without accompanying measures, such as investments in the healthcare system and public awareness campaigns, a shift to an opt-out default is unlikely to increase organ donations. There is no easy solution to the complex challenge of boosting organ donation rates," she continues.

The study also underscores the crucial role of relatives in organ donation decisions. Even in presumed consent systems, where individuals are considered donors unless they opt out, families are often consulted and can override the presumed consent. Since many people do not talk about their donation wishes with loved ones, presumed consent can lead to uncertainty and hesitation among families, potentially resulting in refusals.

"A possible alternative to the opt-out system is a mandatory choice system," says Ralph Hertwig, Director at the Center for Adaptive Rationality at the Max Planck Institute for Human Development. "This would allow citizens to explicitly register their consent or objection to organ donation, when applying for a driver's license or ID card, for example. This active choice system could prompt people to make an informed decision, which would eliminate the perceived ambiguity about their preference that appears to lead to higher family refusal rates. Good and accessible information about organ donation is essential for informed choice," Hertwig continues.
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Anti-fatberg invention could help unclog city sewers | ScienceDaily
Engineers from RMIT University have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.


						
Fat, oil and grease (known as FOG) -- infamous for solidifying inside pipes and concrete sewers -- causes half of all sewer blockages in the United States and 40% in Australia. The cost of these blockages in terms of maintenance and rehabilitation is estimated at US$25 billion in the US and A$100 million in Australia per year.

It is the mixture of fat, oil and grease with calcium and water in sewers that often leads to the formation of fatbergs. But the team's zinc-enhanced polyurethane coating offers a promising sustainable solution by reducing the release of calcium from concrete blocks by up to 80% compared with uncoated concrete.

The study led by Dr Biplob Pramanik mimicked a sewer environment under extreme conditions that rapidly sped up the fatberg formation process over 30 days.

It showed the coating reduced build-up of FOG on concrete by 30% compared to non-coated concrete.

"The reduction of fat, oil and grease build-up can be attributed to the significantly reduced release of calcium from coated concrete, as well as less sticking of FOG on the coating surface compared to the rough, uncoated concrete surface," said Pramanik, Director of Water: Effective Technologies and Tools (WETT) Research Centre at RMIT.

"Traditional coatings like magnesium hydroxide, widely used for over two decades, are effective in controlling sewer corrosion but can inadvertently contribute to FOG build-up by interacting with fatty acids."

The team's invention is stable in water and withstands temperatures of up to 850 degrees Celsius. It is also self-healing at room temperature, meaning it can repair any damage to itself and extend its lifespan.




"We drew inspiration from the regenerative capabilities observed in nature, including human skin's ability to heal itself," Pramanik said.

Co-researcher Dr Sachin Yadav said the team examined the healing performance of the coatings by inflicting surface scratches with a blade.

"The creation of surface scratches on the self-healing polyurethane coating sample triggered the healing process," Yadav said.

"After the healing period, we observed a noticeable improvement in the surface scratches."

Next steps

The team is developing an improved coating to achieve a greater reduction of FOG deposition in sewers by enhancing its self-healing capabilities and mechanical strength.




Pramanik is also the Chief Investigator for a recently announced ARC Linkage Project that will develop an advanced grease interceptor for restaurants and other food service establishments to remove small FOG particles more effectively than current technologies.

His team at RMIT is partnering with South East Water, VicWater, Water Research Australia, Barwon Region Water Corporation, Queensland Urban Utilities and water technology company ACO on the ARC Linkage Project.

"Novel hybrid coating material with triple distinct healing bond for fat oil and grease deposition control in the sewer system" is published in the Chemical Engineering Journal.
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Can we live on our planet without destroying it? | ScienceDaily
With eight billion people, we use a lot of the Earth's resources in ways that are likely unsustainable. Klaus Hubacek, Professor of Science, Technology and Society at the University of Groningen, the Netherlands, takes stock of the situation. How much land, water, and other resources does our lifestyle require? And how can we adapt this lifestyle to stay within the limits of what the Earth can give? It is possible, Hubacek shows, but it will require policies based on scientific evidence.


						
Our consumption patterns affect the environment, that much we know. A clear example is the concentration of carbon dioxide in the atmosphere. It has been rising at an increasingly faster rate since the 1960s, resulting in global warming, along with all its dire consequences. There is a limit to the amount of consumption the Earth can support, and in 2009, scientists defined nine 'planetary boundaries' as indicators of when we have reached that limit. Crossing them may lead to irreversible damage to the Earth's stability and resilience. These planetary boundaries include indicators such as ocean acidification and the global use of fresh water. In 2023, six of these planetary boundaries had already been crossed.

Hubacek has devoted his academic career to studying how humanity is performing in terms of these planetary boundaries, and what needs to change to prevent us from crossing them even further. According to him, 'the basic calculation is: given a certain number of people on the planet and the planetary boundaries, how much can we consume to stay inside these limits?'.

The divide between rich and poor

At the moment, the richest one per cent of the world's population produces 50 times more greenhouse gasses than the four billion people in the bottom 50 per cent. The divide between the rich and the poor on this planet is a common thread in Hubacek's work. He is one of the authors of a paper, published in the journal Nature on 13 November, that describes this issue. Using an extensive dataset covering up to 201 consumption groups across 168 countries, the paper analyses the impact of spending patterns on six key environmental indicators.

The analysis reveals how different consumer behaviours contribute to planetary transgressions, and concludes that if the world's top 20 per cent of consumers shifted their consumption habits toward more sustainable patterns found within their group, they could reduce their environmental impact by 25 to 53 per cent. The study also shows that changing consumption patterns in just the food and services sectors could help bring critical planetary boundaries back within safe limits.

Changing our lifestyle to stay within the boundaries

In previous papers, Hubacek researched specific solutions that could help us balance our lives to better deal with the planetary boundaries. In a study published last August, he showed that if a diet with less red meat and more legumes and nuts was adopted by the richest part of the world, food-driven emissions would fall by 17 per cent, even when the inhabitants of poorer nations increase their meat consumption.




And just last month, Hubacek co-authored a paper describing how the livestock sector is dangerously transgressing several of the planetary boundaries. The paper argues that any measures to counter this negative effect should be 'region-specific': 'Obviously, there will be differences. A plant-based diet is not suitable for traditional Mongolian nomads, who depend on yaks and their milk.'

Hubacek keeps pointing to solutions when he identifies transgressions of planetary boundaries. 'However, we shouldn't focus so much on creating new technical solutions, as there are already so many solutions which we don't implement,' he argues. 'And most governments subsidize bad behaviour.' For example, subsidies for fossil fuels globally are overcompensating for the mitigation effect that we achieve through carbon pricing such as carbon taxes and carbon trading schemes. 'And there are also many inconsistent policies, such as stimulating the use of heat pumps and, at the same time, raising the price of the electricity they use.'

It is possible

What Hubacek shows is that not all hope is lost: humanity can stay within the planetary boundaries. But it seems that there is little political will to tackle issues such as climate change. Hubacek: 'This worries me. And it causes real fear in the younger generation.' Hubacek underlines that his science is not activism-driven. 'I'm doing this work first and foremost because of my academic interest. But I also don't want to waste my time on something that is meaningless. What we need are evidence-based policies.'

Peipei Tian, Honglin Zhong, Xiangjie Chen, Kuishuang Feng, Laixiang Sun, Ning Zhang, Xuan Shao, Yu Liu & Klaus Hubacek: Keeping the global consumption within the planetary boundaries. Nature, 13 November 2024. 
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How to reduce social media stress by leaning in instead of logging off | ScienceDaily

The research, led by psychology professor Dr. Amori Mikami (she/her) and published this week in the Journal of Experimental Psychology: General, examined the effects of quitting social media versus using it more intentionally.

The results showed that users who thoughtfully managed their online interactions, as well as those who abstained from social media entirely, saw mental health benefits -- particularly in reducing symptoms of anxiety, depression and loneliness.

With social media use nearly universal among young adults, especially those ages 17-29, concerns over its impact on mental health have grown.

"There's a lot of talk about how damaging social media can be, but our team wanted to see if this was really the full picture or if the way people engage with social media might make a difference," said Dr. Mikami.

Instead of treating social media as an all-or-nothing choice, the study explored whether helping young adults learn "smarter" engagement techniques could enhance their well-being.

In the six-week study, 393 Canadian young adults with some mental health symptoms and concerns about social media's impact on their mental health were split into three groups:
    	a control group that continued their usual routines
    	an abstinence group asked to stop using social media entirely
    	a "tutorial" group that was coached in intentional usage

The tutorials guided participants on fostering meaningful online connections, limiting interactions that encouraged self-comparison, and carefully selecting who they followed.




Both the abstinence and tutorial groups reduced their social media use and experienced fewer social comparisons -- a common trigger for anxiety and low self-esteem. While the tutorial group didn't cut back on social media as much as those who tried to abstain completely, they reported notable improvements in loneliness and fear of missing out (FOMO).

By comparison, those who abstained from social media altogether were more successful in reducing depression and anxiety symptoms, yet reported no improvement in loneliness.

"Cutting off social media might reduce some of the pressures young adults feel around presenting a curated image of themselves online. But, stopping social media might also deprive young adults of social connections with friends and family, leading to feelings of isolation," said Dr. Mikami.

Dr. Mikami, along with graduate students Adri Khalis and Vasileia Karasavva, used an approach with the tutorial group that emphasized quality over quantity in social media interactions. By muting or unfollowing accounts that triggered envy or negative self-comparisons and prioritizing close friendships, tutorial participants built a healthier online environment. Rather than passively scrolling, they were encouraged to actively engage with friends by commenting or sending direct messages -- a behaviour that tends to deepen meaningful connections while helping users feel more socially supported.

For Dr. Mikami, this balanced approach may be a realistic alternative to complete abstinence, which may not be feasible for many young adults.

"Social media is here to stay," she said. "And for many people, quitting isn't a realistic option. But with the right guidance, young adults can curate a more positive experience, using social media to support their mental health instead of detracting from it."

Dr. Mikami believes the findings can offer valuable insights for mental health programs and schools. She envisions future workshops and educational sessions where young adults learn to use social media as a tool to strengthen their relationships rather than as a source of comparison and stress. This approach, she suggests, could break the cycle of quitting social media only to return later, sometimes with worse effects.

The research emphasizes that young people's well-being is closely tied to how they engage. By offering alternative ways to interact online, Dr. Mikami's team has shown that positive mental health outcomes are possible without sacrificing the social connectivity that platforms provide. As she put it: "For many young people, it's not about logging off. It's about leaning in -- in the right way."
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Building a diverse wildland fire workforce to meet future challenges | ScienceDaily
Wildland firefighters are under significant strain, often overworked and underpaid despite the growing need to respond to larger, more destructive fires. Building a more resilient and effective workforce will require improving pathways for diverse applicants, strengthening commitments to health equity, and investing in workplace culture, according to a new Stanford University report.


						
Every year around this time, California's wildland firefighters hold their breath as hot, dry winds threaten to spread flames across the state. As such conflagrations grow in size and severity throughout the Western U.S., the strain on fire managers has intensified. A new report from Stanford University's Climate and Energy Policy Program provides a blueprint for fostering a more inclusive, diverse and well-supported workforce to meet the increasing need for fire mitigation and management.

"The wellbeing of the wildland fire workforce has received national attention, yet recruitment and retention challenges specific to women, people of color, and other underrepresented groups in the field has too often been overlooked," said report coauthor Abigail Varney, a wildland fire fellow at the Stanford Doerr School of Sustainability and a federal wildland firefighter. "Expanding workforce capacity and effectiveness will require increased investment in more equitably supporting all of our firefighters."

The report addresses the cultural, structural, and capacity-related barriers that have historically prevented a more diverse group of people from entering and succeeding in the fire management field. Overcoming these obstacles will be critical to attracting and retaining a workforce capable of addressing the wildfire crisis, the authors write.

Overcoming barriers to change

Despite a growing recognition of the benefits of workforce diversity, the wildland fire profession remains largely homogenous. According to the U.S. Government Accountability Office, 84% of the federal fire management workforce identifies as male, and 72% identifies as white. The Stanford report points to several factors contributing to this lack of diversity, including implicit bias, inequitable career advancement opportunities, and a workplace culture that has historically marginalized women and people of color.

The report recommends several strategies to increase diversity and inclusivity in fire management. Among them: outreach efforts aimed at underrepresented populations, the creation of more inclusive onboarding processes, and the development of resources to support the families of firefighters.

Improving health equity and workplace culture

Wildland firefighters face numerous physical and mental health challenges, including exposure to hazardous environments, long hours, and high levels of stress. However, women and people of color may experience these health threats differently because of their specific needs or vulnerabilities. Among the report's recommendations for improving health equity: expanding insurance coverage for reproductive health services, including female-reproductive organ cancers in presumptive coverage legislation, and increasing mental health services that are gender- and culture-responsive.

Another crucial change, according to the report: promoting a workplace culture within fire management agencies that fosters an inclusive environment where all employees feel valued and supported. The authors recommend regular workplace culture assessments, as well as mandatory training programs to address implicit bias, harassment, and discrimination. "By taking the actions recommended in this report, lawmakers and fire management agencies will not just address barriers to recruitment and retention, but also help build a workforce that is well equipped and supported to meet the challenges ahead," said report coauthor Cassandra Jurenci, a wildfire legal fellow at the Stanford Law School.Coauthors of the paper also include Michael Wara, director of the Climate and Energy Policy Program at the Stanford Woods Institute for the Environment and Michael Mastrandrea, research director of the program. Wara and Mastrandrea are senior director for policy and director for policy, respectively, in the Stanford Doerr School of Sustainability's Sustainability Accelerator.
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Fossil fuel CO2 emissions increase again in 2024 | ScienceDaily
Global carbon emissions from fossil fuels have reached a record high in 2024, according to new research by the Global Carbon Project science team.


						
The 2024 Global Carbon Budget projects fossil carbon dioxide (CO 2) emissions of 37.4 billion tonnes, up 0.8% from 2023.

Despite the urgent need to cut emissions to slow climate change, the researchers say there is still "no sign" that the world has reached a peak in fossil CO2 emissions.

With projected emissions from land-use change (such as deforestation) of 4.2 billion tonnes, total CO2 emissions are projected to be 41.6 billion tonnes in 2024, up from 40.6 billion tonnes last year.

Over the last 10 years, fossil CO2 emissions have risen while land-use change CO2 emissions have declined on average -- leaving overall emissions roughly level over that period.

This year, both fossil and land-use change CO2 emissions are set to rise, with drought conditions exacerbating emissions from deforestation and forest degradation fires during the El Nino climate event of 2023-2024.

With over 40 billion tonnes released each year at present, the level of CO2 in the atmosphere continues to rise -- driving increasingly dangerous global warming.




The research team included the University of Exeter, the University of East Anglia (UEA), CICERO Center for International Climate Research, Ludwig-Maximilian-University Munich, Alfred-Wegener-Institut and 80 other institutions around the world.

"The impacts of climate change are becoming increasingly dramatic, yet we still see no sign that burning of fossil fuels has peaked," said Professor Pierre Friedlingstein, of Exeter's Global Systems Institute, who led the study.

"Time is running out to meet the Paris Agreement goals -- and world leaders meeting at COP29 must bring about rapid and deep cuts to fossil fuel emissions to give us a chance of staying well below 2degC warming above pre-industrial levels."

Professor Corinne Le Quere, Royal Society Research Professor at UEA's School of Environmental Sciences, said: "Despite another rise in global emissions this year, the latest data shows evidence of widespread climate action, with the growing penetration of renewables and electric cars displacing fossil fuels, and decreasing deforestation emissions in the past decades confirmed for the first time."

Dr Glen Peters, of the CICERO Center for International Climate Research in Oslo, said: "There are many signs of positive progress at the country level, and a feeling that a peak in global fossil CO2 emissions is imminent, but the global peak remains elusive.

"Climate action is a collective problem, and while gradual emission reductions are occurring in some countries, increases continue in others.




"Progress in all countries needs to accelerate fast enough to put global emissions on a downward trajectory towards net zero."

Professor Friedlingstein added: "Until we reach net zero CO2 emissions globally, world temperatures will continue to rise and cause increasingly severe impacts."

Other key findings from the 2024 Global Carbon Budget include:
    	Globally, emissions from different fossil fuels in 2024 are projected to increase: coal (0.2%), oil (0.9%), gas (2.4%). These contribute 41%, 32% and 21% of global fossil CO2 emissions respectively. Given the uncertainty in the projections, it remains possible that coal emissions could decline in 2024.
    	China's emissions (32% of the global total) are projected to marginally increase by 0.2%, although the projected range includes a possible decrease in emissions.
    	US emissions (13% of the global total) are projected to decrease by 0.6%.
    	India's emissions (8% of the global total) are projected to increase by 4.6%.
    	European Union emissions (7% of the global total) are projected to decrease by 3.8%.
    	Emissions in the rest of the world (38% of the global total) are projected to increase by 1.1%.
    	International aviation and shipping (3% of the global total, and counted separately from national/regional totals) are projected to increase by 7.8% in 2024, but remain below their 2019 pre-pandemic level by 3.5%.
    	Globally, emissions from land-use change (such as deforestation) have decreased by 20% in the past decade, but are set to rise in 2024.
    	Permanent CO2 removal through reforestation and afforestation (new forests) is offsetting about half of the permanent deforestation emissions.
    	Current levels of technology-based Carbon Dioxide Removal (excluding nature-based means such as reforestation) only account for about one-millionth of the CO2 emitted from fossil fuels.
    	Atmospheric CO2 levels are set to reach 422.5 parts per million in 2024, 2.8 parts per million above 2023, and 52% above pre-industrial levels.
    	The effects of the temporary El Nino climate event also led to a reduction in carbon absorption by ecosystems on land (known as the land CO2 "sink") in 2023, which is projected to recover as El Nino ended by the second quarter of 2024.
    	Emissions from fires in 2024 have been above the average since the beginning of the satellite record in 2003, particularly due to the extreme 2023 wildfire season in Canada (which persisted in 2024) and intense drought in Brazil.
    	The land and ocean CO2 sinks combined continued to take up around half of the total CO2 emissions, despite being negatively impacted by climate change.

How long until we pass 1.5degC of global warming? 

This study estimates the remaining "carbon budget" before the 1.5degC target is breached consistently over multiple years, not just for a single year. At the current rate of emissions, the Global Carbon Budget team estimates a 50% chance global warming will exceed 1.5degC consistently in about six years. This estimate is subject to large uncertainties, primarily due to the uncertainty of the additional warming coming from non-CO2 agents (e.g., CH4, N2O, aerosols). However, it's clear that the remaining carbon budget -- and therefore the time left to meet the 1.5degC target and avoid the worst impacts of climate change -- has almost run out.

The Global Carbon Budget report, produced by an international team of more than 120 scientists, provides an annual, peer-reviewed update, building on established methodologies in a fully transparent manner. The 2024 edition (the 19th annual report) will be published in the journal Earth System Science Data on November 13 as a pre-print, and later as a peer-reviewed paper.
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Grabbing pizza with coworkers isn't just fun -- it could boost your teamwork skills | ScienceDaily
In an office full of new coworkers, someone suggests going out for pizza. One person is extra hungry and gobbles up a slice too fast, burning the roof of his mouth in the process.


						
Has something like this ever happened to you? It's an embarrassing moment at first, but later on, it becomes a story you joke about at the office -- and possibly, it could mean much more.

Forming memories around shared experiences, whether something fun like grabbing a pizza or as emotionally straining as an employee strike, has a way of binding people together. But, as Binghamton University, State University of New York Assistant Professor Matthew Lyle helped uncover in a new study, it could also motivate those performing different roles within the same company to socialize more and strengthen their working relationships.

The study's results could help managers understand the importance of encouraging shared memories in cross-occupational coordination at their workplace. In other words: it's a good idea for employees to form shared memories with their colleagues.

"One major takeaway from this research is that, for larger projects involving people in different occupations or experience levels within the same company, you'll need some kind of shared experience that enables them not only to work more effectively together but also be more comfortable sharing their ideas," said Lyle, an expert in organizational strategy. "It could also be like a double-edged sword in a way because, if the event is strong enough to bring people together, it could also disrupt established groups."

The study, "'We Can Win This Fight Together': Memory and Cross-Occupational Coordination," was published in the Journal of Management Studies.

How a strike in South Korea helped researchers

Lyle and fellow researchers framed their study around the case of a 170-day strike in 2012 at a South Korean public broadcaster, which they anonymized as "TelvCorp" for the study. Over the years, the broadcaster employed multiple occupations and garnered prestigious awards, won primarily by reporters.




The strike happened after reporters viewed action by South Korea's then-recently-elected conservative government in 2008 as a threat, believing their CEO had been replaced by a pro-administration figure to gain more favorable coverage. The new CEO, a former TelvCorp employee, was accused by staff of promoting executives and managers to monitor news programs and remove content perceived as critical of the government. Reporters decided to strike.

Lyle's study noted that TelvCorp's non-reporters were initially hesitant to participate fully due to their memories of reporters having been self-serving and ego-driven during past strikes. However, the CEO's decision to fire union leaders, which those across occupational boundaries discussed and commonly remembered as a "call to arms," catalyzed intense collaboration. These different groups had become what researchers call a "mnemonic community," or group that remembers together, that endured long after the strike ended.

Unfortunately, the news was not all positive. Lyle and fellow researchers found a divide had emerged between those who went on strike and those who didn't.

"When the strike was over, the situation became more complicated because things were unlikely to go back to the way they were at that workplace," he said. "Now, there's a new group after the strike, with some people saying they could no longer see colleagues who chose an opposite side in the strike as good people."

How this research helps improve office teamwork

While Lyle and his fellow researchers reached these conclusions by studying a single organization, he believes there are lessons to be pulled from their analysis that might broadly aid organizations.




For instance, Lyle said a strong, perhaps unorthodox experience is more likely to encourage collaborative work. For example, in describing a hypothetical company retreat, Lyle mentioned how remembering "when Jenny fell off the rope swing, or when Jim face-planted trying to do that" could form a core memory that makes members more willing to work together.

While Lyle admitted those types of memories may sound juvenile or unnecessary, they form the basis of shared memories that help when people sit down at work to decide how to tackle a problem together. The gobbling of the hot pizza, then, could become a memory with lasting implications.

"When you're in the in-group, you're more likely to help each other out and have each other's backs," Lyle said. "We know we can create those things artificially, but why not create them around some shared experience that makes a memory, that makes people want to work together?"
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Experts urge complex systems approach to assess artificial intelligence risks | ScienceDaily
With artificial intelligence increasingly permeating every aspect of our lives, experts are becoming more and more concerned about its dangers. In some cases, the risks are pressing, in others they won't emerge until many months or even years from now. Scientists point out in The Royal Society's journal that a coherent approach to understanding these threats is still elusive. They call for a complex systems perspective to better assess and mitigate these risks, particularly in light of long-term uncertainties and complex interactions between A.I. and society.


						
"Understanding the risks of A.I. requires recognizing the intricate interplay between technology and society. It's about navigating the complex, co-evolving systems that shape our decisions and behaviors," says Fariba Karimi, co-author of the article. Karimi leads the research team on Algorithmic Fairness at the Complexity Science Hub (CSH) and is professor of Social Data Science at TU Graz.

"We should not only discuss what technologies to deploy and how, but also how to adapt the social context to capitalize on positive possibilities. A.I. possibilities and risks should likely be taken into account in debates about, for instance, economic policy," adds CSH scientist Daniel Kondor, first author of the study.

Broader and Long-Term Risks

Current risk assessment frameworks often focus on immediate, specific harms, such as bias and safety concerns, according to the authors of the article published in Philosophical Transactions A. "These frameworks often overlook broader, long-term systemic risks that could emerge from the widespread deployment of A.I. technologies and their interaction with the social context they are used," says Kondor.

"In this paper, we tried to balance the short-term perspectives on algorithms with long-term views of how these technologies affect society. It's about making sense of both the immediate and systemic consequences of A.I.," adds Kondor.

What Happens in Real Life

As a case study to illustrate the potential risks of A.I. technologies, the scientists discuss how a predictive algorithm was used during the Covid-19 pandemic in the UK for school exams. The new solution was "presumed to be more objective and thus fairer [than asking teachers to predict their students' performance], relying on a statistical analysis of students' performance in previous years," according to the study.




However, when the algorithm was put into practice, several issues emerged. "Once the grading algorithm was applied, inequities became glaringly obvious," observes Valerie Hafez, an independent researcher and study co-author. "Pupils from disadvantaged communities bore the brunt of the futile effort to counter grading inflation, but even overall, 40% of students received lower marks than they would have reasonably expected."

Hafez reports that many responses in the consultation report indicate that the risk perceived as significant by teachers -- the long-term effect of grading lower than deserved -- was different from the risk perceived by the designers of the algorithm. The latter were concerned about grade inflation, the resulting pressure on higher education, and a lack of trust in students' actual abilities.

The Scale and the Scope

This case demonstrates several important issues that arise when deploying large-scale algorithmic solutions, emphasize the scientists. "One thing we believe one should be attentive to is the scale -- and scope -- because algorithms scale: they travel well from one context to the next, even though these contexts may be vastly different. The original context of creation does not simply disappear, rather it is superimposed on all these other contexts," explains Hafez.

"Long-term risks are not the linear combination of short-term risks. They can escalate exponentially over time. However, with computational models and simulations, we can provide practical insights to better assess these dynamic risks," adds Karimi.

Computational Models -- and Public Participation

This is one of the directions proposed by the scientists for understanding and evaluating risk associated with A.I. technologies, both in the short- and long-term. "Computational models -- like those assessing the effect of A.I. on minority representation in social networks -- can demonstrate how biases in A.I. systems lead to feedback loops that reinforce societal inequalities," explains Kondor. Such models can be used to simulate potential risks, offering insights that are difficult to glean from traditional assessment methods.




In addition, the study's authors emphasize the importance of involving laypeople and experts from various fields in the risk assessment process. Competency groups -- small, heterogeneous teams that bring together varied perspectives -- can be a key tool for fostering democratic participation and ensuring that risk assessments are informed by those most affected by AI technologies.

"A more general issue is the promotion of social resilience, which will help A.I.-related debates and decision-making function better and avoid pitfalls. In turn, social resilience may depend on many questions unrelated (or at least not directly related) to artificial intelligence," ponders Kondor. Increasing participatory forms of decision-making can be one important component of raising resilience.

"I think that once you begin to see A.I. systems as sociotechnical, you cannot separate the people affected by the A.I. systems from the 'technical' aspects. Separating them from the A.I. system takes away their possibility to shape the infrastructures of classification imposed on them, denying affected persons the power to share in creating worlds attenuated to their needs," says Hafez, who's an A.I. policy officer at the Austrian Federal Chancellery.

About the Study

The study "Complex systems perspective in assessing risks in A.I.," by Daniel Kondor, Valerie Hafez, Sudhang Shankar, Rania Wazir, and Fariba Karimi was published in Philosophical Transactions A and is available online.
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Debunked: Children aren't quicker at picking up new motor skills than adults | ScienceDaily
Contrary to popular belief, children aren't better at learning new skills than adults. Indeed, young adults seem to learn faster than kids -- but also tend to forget more quickly. Here, better sleep seems to advantage children. This is the conclusion of a new study from the University of Copenhagen.


						
It's widely believed that children learn new motor skills faster than adults, whether it's mastering slopes or skateparks, learning new languages, doing cartwheels or picking up new dance moves from social media.

"There's an assumption in popular science literature and various textbooks that children in a certain age range -- from roughly the age of eight until puberty -- are better at learning new skills than adults. This is often described as a 'golden age for motor skills learning'. But there's no actual physiological basis for this so-called golden age," says Jesper Lundbye-Jensen, associate professor at the University of Copenhagen's Department of Nutrition, Exercise and Sports and head of the section 'Movement & Neuroscience.

The popular notion of a pre-pubescent motor learning peak prompted the researchers to investigate how age-related differences in our central nervous system affect motor skill learning. Their findings are now published in Developmental Science.

In the study, the researchers tested the motor learning abilities of 132 participants from four age groups: 8-10 years, 12-14 years, 16-18 years, and 20-30 years. In a lab setting, participants practiced moving a cursor on a computer screen with fast and precise finger movements.

Older participants learned faster

Participant performance was measured immediately after being introduced to the task (as a baseline), during the training session, and again 24 hours later.




During the training session itself, both the 16-18-year-olds and 20-30-year-olds improved their skills significantly more than the 8-10-year-olds.

"So, it appears that both teenagers and younger adults are better equipped to quickly acquire new skills compared to children, who showed smaller and slower improvements. At least when it comes to short-term learning and motor skills which this study investigated" explains Mikkel Malling Beck, the research article's lead author and a former PhD student at the Department of Nutrition, Exercise and Sports who now works as a researcher at the Danish Research Centre for Magnetic Resonance at Hvidovre Hospital.

While the researchers cannot pinpoint the exact reasons for why the adults learn faster, they have a few theories.

"The results demonstrate that the older the participants are, the more skillful they become during the early stages of training. This suggests that they get more out of the task introduction. We suspect that cognitive development and an increased ability to process information play a role -- meaning adults may have more experience receiving instructions and translating them into action," says Jesper Lundbye-Jensen, adding:

"The difference may also be because the fully developed nervous system of an adult provides better structural conditions for learning. In other words, after many years of schooling, adults may be more experienced learners and thereby more efficient at learning new things."

Children benefit more from sleep

The picture changes when it comes to retention:




"When we look at what happens from the end of training until the participants return the next day, the dynamic reverses. While the youngest participants actually improve overnight, adults lose some of their ability to perform. This means the youngest ones are better at consolidating and reinforcing their memory after they've practiced," says Mikkel Malling Beck.

According to the researchers, this suggests that sleep benefits children's learning and memory more. But other factors could also be at play. For example, older children and adults typically sleep less and have more "competing" activities throughout the day. Memory-consolidation processes in the nervous system continue for hours after the training ends.

"When a math class ends, the brain keeps working on what was taught, and in doing so, reinforces memory. Sleep is known to aid consolidation. But engaging in other activities in the hours after -especially those that involve learning -- can interfere with memory processes and the consolidation of what was just learned," explains Jesper Lundbye-Jensen.

Potential applications for professionals

While the overall learning outcome doesn't vary drastically across age groups, the study does show that the learning process differs significantly depending on age, with underlying mechanisms influenced by the maturity of one's central nervous system.

According to the researchers, the results could be useful in teaching and training fields that involve skill and movement, such as sports and music. Jesper Lundbye-Jensen points out that the results are relevant in other areas as well:

"For anyone aiming to improve their skills, it's crucial to structure training so that each individual gets the most out of their time. This is also true for people undergoing rehabilitation to regain functional ability. We hope that this new understanding of age-related differences and post-training processes will inspire physiotherapists, occupational therapists, and other professionals when designing training protocols."

ABOUT THE STUDY
    	The main study included 132 participants: children, teenagers, and adults, divided into four age groups (8-10 years, 12-14 years, 16-18 years, and 20-30 years).
    	The motor task practiced by participants was specifically designed for the study to ensure that it was novel for all participants.
    	Baseline performance was measured immediately after introduction of the task. Participants then trained for 30 minutes, followed by a short break and another skills test. After 24 hours, participants returned to the lab for a final test.
    	To account for the initially better performance and greater improvements among adults compared to the youngest children, the researchers conducted control experiments making the task more challenging for adults to match an 8-10-year-old's level. Even with this adjustment, adults showed more improvement within the training session, while the children's memory benefited more from the hours following the training, including sleep.
    	The study only investigated motor skill learning and therefore cannot draw conclusions about other types of learning.
    	The study is a short-term study and the results do not indicate whether similar age-related patterns would be reflected in long-term effects.
    	The scientific article about the study has been published in the journal Developmental Science. The researchers behind the study are: Mikkel Malling Beck, Frederikke Toft Kristensen, Gitte Abrahamsen, Meaghan Elizabeth Spedden and Jesper Lundbye-Jensen from the Department of Nutrition, Exercise and Sports and Mark Schram Christensen from the Department of Psychology, University of Copenhagen.
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Possible to limit climate change to 1.5degC, if EU and 17 other countries go beyond their own targets | ScienceDaily
Limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. A new study introduces an "additional carbon accountability" indicator, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.


						
A new study in Nature Communications finds that limiting global warming to 1.5 degC is still possible, but some countries require support to meet their climate responsibilities. An "additional carbon accountability" indicator is introduced, revealing that the EU and 17 other countries must exceed their own current targets to achieve this global goal.

The new study proposes an indicator -- additional carbon accountability -- that quantifies countries' responsibility for mitigation and carbon dioxide removal in addition to achieving their own targets. Aside from further domestic reductions, this additional carbon accountability requires financing carbon removal, or emission reductions outside their territories.

A pressing question at the ongoing 29th annual UN Climate Conference (COP29) in Baku, Azerbaijan, is how to transition away from fossil fuels and speed up climate mitigation in line with the 1.5C global warming target. To address this, the new study by researchers from Stockholm University, Chalmers University of Technology, and Uppsala University, quantifies how much each country should reduce or remove carbon dioxide emissions beyond their current national commitments.

"The ambition of this article is to suggest opportunities to enhance climate fairness and close the mitigation gap in the real world, based on the Paris Agreement," says lead author Thomas Hahn, from the Stockholm Resilience Centre at Stockholm University.

The study quantifies each country's equal share of the remaining 1.5C carbon budget based on equal per capita historic emissions since 1990 and share of the remaining carbon budget. This is then compared to countries' actual carbon debts and future emissions targets, creating an "additional carbon accountability" indicator.

The study identifies 18 high-income and upper-middle-income countries that should be accountable for increasing their ambitions to stay within their equal per capita share of the global carbon budget for 1.5 degC. (Note that the EU is here counted as one country). Additional carbon accountability is highest for the United States and China, and highest per capita for the United Arab Emirates, Russia, Saudi Arabia and the United States.




"While there is no agreement on how to operationalize the fairness principles of the Paris Agreement, the new indicator provides an important tool to clarify the responsibility for the remaining mitigation gap in the context of the ongoing climate talks," explains co-author Johannes Morfeldt from Physical Resource Theory, Department of Space, Earth and Environment, at Chalmers University of Technology.

In general, high-income countries have large carbon debts while several upper-middle income countries have high future emissions. Four of the 18 countries could theoretically fulfil their accountability with stricter domestic emission reductions.

"14 of these 18 countries have a larger accountability than planned future emissions, meaning they would need to increase ambitions for carbon dioxide removal or for emission reductions in other countries, in addition to stricter emissions reductions," says co-author Ingo Fetzer, from Stockholm Resilience Centre, Stockholm University.

As an example, besides reaching its 2030 reduction target and net zero by 2050, the EU would need to remove an additional 48 Gt carbon dioxide (gigatonnes, or billion metric tonnes) or finance additional reductions beyond current targets in other countries. For China, the additional carbon accountability is 150 Gt and the USA 167 Gt.

"Our study shows that it's high time for the European Union to enhance its climate targets, instruments, and financing, to take responsibility for its fair share of a global carbon budget compatible with the Paris Agreement," says co-author Mikael Karlsson from Climate Change Leadership, Department of Earth Sciences, at Uppsala University.

The study shows that the ability to pay is not uniform. Several BRICS+ nations, particularly Iran and Russia, may struggle economically to meet their additional responsibilities, in contrast to G7 members.

"Our results highlight that meeting the 1.5C target to a large extent is reliant on large historic emitters like the EU and the US paying off their historic carbon debts, and countries with plans for future large emissions, like China and Iran, setting stricter reduction targets," adds co-author Robert Hoglund.
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Machine learning predicts highest-risk groundwater sites to improve water quality monitoring | ScienceDaily
An interdisciplinary team of researchers has developed a machine learning framework that uses limited water quality samples to predict which inorganic pollutants are likely to be present in a groundwater supply. The new tool allows regulators and public health authorities to prioritize specific aquifers for water quality testing.


						
This proof-of-concept work focused on Arizona and North Carolina but could be applied to fill critical gaps in groundwater quality in any region.

Groundwater is a source of drinking water for millions and often contains pollutants that pose health risks. However, many regions lack complete groundwater quality datasets.

"Monitoring water quality is time-consuming and expensive, and the more pollutants you test for, the more time-consuming and expensive it is," says Yaroslava Yingling, co-corresponding author of a paper describing the work and Kobe Steel Distinguished Professor of Materials Science and Engineering at North Carolina State University.

"As a result, there is interest in identifying which groundwater supplies should be prioritized for testing, maximizing limited monitoring resources," Yingling says. "We know that naturally occurring pollutants, such as arsenic or lead, tend to occur in conjunction with other specific elements due to geological and environmental factors. This posed an important data question: with limited water quality data for a groundwater supply, could we predict the presence and concentrations of other pollutants?"

"Along with identifying elements that pose a risk to human health, we also wanted to see if we could predict the presence of other elements -- such as phosphorus -- which can be beneficial in agricultural contexts but may pose environmental risks in other settings," says Alexey Gulyuk, a co-first author of the paper and a teaching professor of materials science and engineering at NC State.

To address this challenge, the researchers drew on a huge data set, encompassing more than 140 years of water quality monitoring data for groundwater in the states of North Carolina and Arizona. Altogether, the data set included more than 20 million data points, covering more than 50 water quality parameters.




"We used this data set to 'train' a machine learning model to predict which elements would be present based on the available water quality data," says Akhlak Ul Mahmood, co-first author of this work and a former Ph.D. student at NC State. "In other words, if we only have data on a handful of parameters, the program could still predict which inorganic pollutants were likely to be in the water, as well as how abundant those pollutants are likely to be."

One key finding of the study is that the model suggests pollutants are exceeding drinking water standards in more groundwater sources than previously documented. While actual data from the field indicated that 75-80% of sampled locations were within safe limits, the machine learning framework predicts that only 15% to 55% of the sites may truly be risk-free.

"As a result, we've identified quite a few groundwater sites that should be prioritized for additional testing," says Minhazul Islam, co-first author of the paper and a Ph.D. student at Arizona State University. "By identifying potential 'hot spots,' state agencies and municipalities can strategically allocate resources to high-risk areas, ensuring more targeted sampling and effective water treatment solutions"

"It's extremely promising and we think it works well," Gulyuk says. "However, the real test will be when we begin using the model in the real world and seeing if the prediction accuracy holds up."

Moving forward, researchers plan to enhance the model by expanding its training data across diverse U.S. regions; integrating new data sources, such as environmental data layers, to address emerging contaminants; and conducting real-world testing to ensure robust, targeted groundwater safety measures worldwide.

"We see tremendous potential in this approach," says Paul Westerhoff, co-corresponding author and Regents' Professor in the School of Sustainable Engineering and the Built Environment at ASU. "By continuously improving its accuracy and expanding its reach, we're laying the groundwork for proactive water safety measures across the globe."

"This model also offers a promising tool for tracking phosphorus levels in groundwater, helping us identify and address potential contamination risks more efficiently," says Jacob Jones, director of the National Science Foundation-funded Science and Technologies for Phosphorus Sustainability (STEPS) Center at NC State, which helped fund this work. "Looking ahead, extending this model to support broader phosphorus sustainability could have a significant impact, enabling us to manage this critical nutrient across various ecosystems and agricultural systems, ultimately fostering more sustainable practices."

This work was supported by the NSF STEPS Center; and by the Metals and Metal Mixtures: Cognitive Aging, Remediation and Exposure Sources (MEMCARE) Superfund Research Center based at Harvard University, which is supported by the National Institute of Environmental Health Science under grant P42ES030990.
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Pandemic-era increase in alcohol use persists, research shows | ScienceDaily
Alcohol use increased during the COVID-19 pandemic and remained elevated even after the pandemic ended, according to a large nationally representative Keck Medicine of USC study published today in the Annals of Internal Medicine.


						
From pre-pandemic (2018) to the height of the pandemic (2020), heavy alcohol use among Americans rose by 20%, and any alcohol use rose by 4%. In 2022, the increases were sustained.

The rise in drinking was seen across all age groups, genders, race, ethnicities and regions of the country, except for Native Americans and Asian Americans. Adults ages 40-49 had the highest increase in heavy alcohol use.

"These numbers reflect an alarming public health issue that could result in severe health consequences for far too many people," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine of USC and principal investigator of the study. "Our results suggest men and women under 50 are at special risk."

Excessive alcohol use is a leading preventable cause of illness and death in the United States, according to the Centers for Disease Control and Prevention. Half of all liver-related deaths are caused by alcohol, and alcohol-related cirrhosis is now the leading cause of liver transplants, according to Lee.

To reach their conclusions, researchers studied data from the National Health Interview Survey, one of the largest and most comprehensive health surveys in the country. The survey collected alcohol use information as well as demographic and socioeconomic data for more than 24,000 adults age 18 or older. They compared 2018 with 2020 alcohol use numbers, then 2018 with 2022.

While the U.S. Department of Health and Human Services announced the official end of the pandemic in May 2023, the study defined the year 2022 as post-pandemic, as behaviors were beginning to return to normal.




Adults were characterized as having any alcohol use or heavy alcohol use within one year of the survey, and researchers calculated the rate of both measures of alcohol use. Heavy drinking was defined as greater than or equal to five drinks a day or 15 drinks a week for men, and greater than or equal to four drinks a day or eight drinks a week for women.

The study did not analyze why there was an increase in alcohol consumption between 2018 to 2022, but Lee hypothesizes that pandemic stress may have caused drinking to become more normalized. He further speculates that the effects of the pandemic, including disruptions to school and work, may have driven the increases in alcohol use in adults ages 40-49.

Lee hopes the study will bring more awareness to the issue. "We encourage health care providers to offer more screenings for harmful drinking as well as interventions for at-risk populations," he said.

Divya Ayyala-Somayajula, MD, from Thomas Jefferson University in Philadelphia, was lead author of the study.

Jennifer Dodge, MPH, an associate professor of research medicine and population and public health science at the Keck School of Medicine of USC, Adam Leventhal, PhD, professor of population and public health sciences at the Keck School and director of the USC Institute for Addiction Science, and Norah Terrault, MD, a Keck Medicine gastroenterologist and division chief of gastroenterology and liver diseases at the Keck School, were also study authors.
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Fear of another heart attack may be a major source of ongoing stress for survivors | ScienceDaily
The fear of having another heart attack was a major ongoing stressor for heart attack survivors, according to a preliminary study to be presented at the American Heart Association's Scientific Sessions 2024. The meeting, Nov. 16-18, 2024, in Chicago, is a premier global exchange of the latest scientific advancements, research and evidence-based clinical practice updates in cardiovascular science.


						
While it is widely acknowledged that survivors of heart attacks may experience depression or anxiety, less attention has been given to the impact of psychological stress and how the fear of another heart attack may impact patients' mental and emotional recovery.

"We wanted to understand what survivors thought about the possibility of another heart attack. Specifically, we examined how demographics, health behaviors and the patient's perception of their illness predicted both fear of having another heart attack and perception of their current stress," said lead study author Sarah Zvonar, Ph.D., R.N., C.C.R.N., a post-doctoral fellow at the Indiana University School of Medicine in Indianapolis.

Researchers placed advertisements on Facebook recruiting volunteers for the study -- people who had experienced a heart attack during a one-year period between 2021-2022. Those who responded were directed to a newly created Facebook group with links to standard questionnaires that assessed fear of recurrence, perceptions of their illness, current stress, anxiety and depression. Participants also provided demographic details and information on their current cardiovascular-related health behaviors. The researchers analyzed data for 171 heart attack survivors who completed the questionnaires twice, about six weeks apart (approximately six and eight months after their heart attack).

The study found:
    	The fear of experiencing another heart attack significantly impacted the individual's perception of illness and their level of perceived stress.
    	The time between surveys was six weeks, however, the average time from the initial heart attack to the first survey was 6 months. The fear of another heart attack was significant at 6 months after the heart attack and still significant at follow-up around 8 months.
    	Controlling for depression and anxiety did not reduce the impact of fear of recurrence on illness perception and perceived stress from six months to about eight months following the initial event.
    	Although the average alcohol intake was low among all participants, those who consumed more alcohol seemed to be more likely to experience both fear of another heart attack and higher levels of perceived stress. Average alcohol intake was 1.35 drinks per week, with a range of 1-6 drinks per week.
    	Adherence to diet, smoking and exercise guidance did not significantly predict fear of recurrence or perceived stress.

"Health care often focuses solely on anxiety and depression, and treatment may include antidepressants, missing an important issue -- patients may be experiencing fear of having another heart attack for another reason," Zvonar said. "For example, there is so much new health information for them to process after a first heart attack -- how to improve their diet, exercise, follow-up care, cardiac rehabilitation, etc. In addition, we found that the fear of recurrence did not diminish from 6-8 months after the heart attack, which indicates that people may need extended follow-up and mental health support."

The study has several limitations. Results from this group of young heart attack survivors, whose average age was younger than 40, may not be generalizable to older heart attack survivors. In the U.S., the average age at a first heart attack is 66 years for men and 72 years for women, according to the American Heart Association's Heart Disease and Stroke Statistics 2024 Update. Another limitation was that race and ethnicity did not have sufficient representation in this study. More research should be done to determine the exact relationship between fear of another heart attack and race.




In addition, since the study was conducted during the COVID-19 pandemic via Facebook, it was not possible to gather and verify many clinical details (such as the severity of heart attack and medication use). This means some additional health factors that might influence psychological well-being and fear of recurrence were not able to be analyzed.

"The study needs to be replicated in a clinic with the collection of medical data; however, I would anticipate that the results would be similar," Zvonar said.

"While preliminary and based on a small sample of younger people who self-selected themselves in response to a Facebook advertisement, the findings in this study are nevertheless noteworthy," said Glenn N. Levine, M.D., a professor of medicine at Baylor College of Medicine and chair of the 2021 American Heart Association scientific statement, Psychological Health, Well-Being, and the Mind-Heart-Body Connection. "As health care professionals, it's important to consider both the disease and the person. This study suggests that we should consider not only psychological factors, such as depression and stress after a heart attack, but additionally recognize that many people may have a genuine fear of experiencing another heart attack, which can also have a negative impact on their psychological health. Given that poor psychological health increases the risk of future heart problems, this fear may, to some extent, become a self-fulfilling prophecy in some people."

Study details, background and design:
    	The study included 171 adults (average age of 39 years, 69% women). 41% of the participants self-identified as white 33% as Black; 6.4% identified as Hispanic, Latino, or of Spanish origin; 5.3% as American Indian or Alaskan Native; 4.1% as Asian; 2.3% as Native Hawaiian or Pacific Islander; and 2.9% preferred not to answer, and
    	Most participants were recruited through Facebook advertising, while 17 were recruited through a level-one trauma center (highest level of care) in the Midwest.
    	Approximately 33% of participants currently used tobacco; 59% did not achieve the recommended 150 minutes per week of physical activity; around one-third reported managing their fat and sodium intake on most days of the week; average alcohol intake was 1.35 drinks per week. Only 26% of the study participants had attended at least one session of cardiac rehabilitation.
    	The two most reported health conditions occurring among participants included high blood pressure (46.2%) and Type 2 diabetes (44.4%). No family history of sudden heart attacks was reported by 62% of participants.
    	Participants completed standard psychological questionnaires online, including the Brief Illness Perception Questionnaire, the Fear of Progression Questionnaire, the 10-item Perceived Stress Scale and the 21-item Depression Anxiety Stress Scales.
    	The researchers analyzed the potential impact of depression, anxiety, demographic differences and behaviors related to heart disease risk on the fear of recurrence and perceived stress.

Co-authors, disclosures and funding sources are listed in the manuscript.

Statements and conclusions of studies that are presented at the American Heart Association's scientific meetings are solely those of the study authors and do not necessarily reflect the Association's policy or position. The Association makes no representation or guarantee as to their accuracy or reliability. Abstracts presented at the Association's scientific meetings are not peer-reviewed, rather, they are curated by independent review panels and are considered based on the potential to add to the diversity of scientific issues and views discussed at the meeting. The findings are considered preliminary until published as a full manuscript in a peer-reviewed scientific journal.

The Association receives funding primarily from individuals; foundations and corporations (including pharmaceutical, device manufacturers and other companies) also make donations and fund specific Association programs and events. The Association has strict policies to prevent these relationships from influencing the science content. Revenues from pharmaceutical and biotech companies, device manufacturers and health insurance providers and the Association's overall financial information are available here.
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While more is better, even moderate amounts of exercise may reduce risk for common heart condition | ScienceDaily
Adding an extra hour every week of physical activity may lower the chance of developing the most common type of irregular heartbeat (arrythmia) by 11%, a new study shows.


						
Led by researchers at NYU Langone Health, the investigation focused on atrial fibrillation, a condition in which the heart's upper two chambers beat rapidly and irregularly instead of at a consistent pace. If left untreated, this can lead to stroke, heart failure, and other issues. While past studies have linked exercise to reduced risk of this type of arrhythmia, nearly all of these analyses have relied on the participants' often inaccurate estimates of their own activity levels, the authors say.

To avert this flaw, the current study team used data recorded from the fitness tracker Fitbit to objectively measure physical activity in more than 6,000 men and women across the United States. The results showed that those with higher amounts of weekly physical activity were less likely to develop atrial fibrillation. Notably, the researchers say, even modest amounts of moderate-to-vigorous exercise, which can range from taking a brisk walk or cleaning the house to swimming laps or jogging, were associated with reduced risk.

Specifically, study participants who averaged between 2.5 and 5 hours per week, the minimum amount recommended by the American Heart Association, showed a 60% lower risk of developing atrial fibrillation. Those who averaged greater than 5 hours had a slightly greater (65%) reduction.

"Our findings make clear that you do not need to start running marathons to help prevent atrial fibrillation and other forms of heart disease," said preventive cardiologist Sean Heffron, MD, the study senior author. "Just keeping moderately active can, over time, add up to major benefits for maintaining a healthy heart," added Heffron, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. Heffron also serves as the director of cardiovascular fitness and nutrition at NYU Langone's Center for the Prevention of Cardiovascular Disease.

Heffron notes that in the sole earlier study that used activity monitors to investigate atrial fibrillation, researchers provided Fitbit-style monitors to the participants and tracked them for only a week, which may not accurately capture their normal workout habits. The new investigation, which the authors say is the largest of its kind to date, assessed participants for a full year and included only those who already owned the devices.

A report on the findings will be presented at the annual meeting of the American Heart Association on Nov. 16.




For the study, the research team analyzed data collected as part of the All of Us program. That National Institutes of Health initiative was designed to include Americans who have historically been underrepresented in medical research, such as racial minorities, women, and those who live in rural areas. For the program, hundreds of thousands of participants completed questionnaires, gave blood samples, and had their physical measurements recorded, with their health tracked over time.

From that group, the authors of the current study assessed physical activity in the subset (6,086 people) who used a Fibit device and permitted their Fitbit and electronic health records to be linked to their All of Us data. The team tracked activity information for a year as a baseline and then followed up for another five years to identify those who were diagnosed with atrial fibrillation. The researchers also took into account factors known to contribute to the condition, such as age, sex, and history of high blood pressure. "These results highlight the value of Fitbits and similar monitors in medical research," said study lead author Souptik Barua, PhD, an assistant professor in the Department of Medicine at NYU Grossman School of Medicine. "By offering an objective way to measure exercise for years at a time, these tools can provide deeper insight into how different patterns of activity can impact health."

For example, says Barua, the research team next plans to explore whether working out in the morning or at night may have different effects on heart health.

He cautions that since many Fitbit owners in the study were college-educated white women, the investigation assessed a less-diverse group than that of the overall All of Us population. The program is now providing free devices to participants in underrepresented communities for future investigations.

Barua also cautions that the study was not designed to tell whether exercise alone directly reduced the risk of atrial fibrillation, nor to detect how that might come about or what other factors, such as income or educational status, might be in play in the reduced risk. However, the association between exercise "doses" and the development of the condition in the study participants was strong.

Study funding was provided by NYU Langone Health.
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The refrigerator as a harbinger of a better life | ScienceDaily
To get a good sense of a country's level of development, you need to look at the items people have in their homes, according to economists Rutger Schilpzand and Jeroen Smits from Radboud University. Research on low- and middle-income countries often focuses on income, health or education, but that doesn't tell you the full story of a country's situation. 'That's why, for the first time, we are mapping out how the material wealth of households is developing,' Schilpzand explains. The researchers coin this material wealth growth for households the 'domestic transition'. Their research is published today in the Journal of International Development.


						
Today, people in wealthy countries can scarcely imagine life without a refrigerator, television or washing machine, but prior to 1960 very few households owned these appliances. From that point on, however, things moved quickly: just fifteen years or so later these items could be found in pretty much every kitchen and living room in these countries. This development from a society in which households own hardly any of these kinds of items to one in which almost every household has them is what the researchers refer to as 'the domestic transition'. In their paper, they describe what this transition means for emerging countries and what factors contribute to a faster transition.

Decent standard of living

All these appliances that households in wealthy countries own today represent the basic conditions for what could be called a decent standard of living. 'Virtually every household in the world that is wealthy enough to buy such items actually does so,' says Smits. 'And that's not surprising, as behind all the colourful images we see of markets in developing countries or women washing clothes in a river lies a huge burden of time and energy, which mostly falls on the shoulders of (house)wives.' 'Buying a refrigerator or washing machine immediately reduces their workload and creates space for spending their time in more productive ways, agrees Schilpzand. 'The domestic transition is therefore an important prerequisite for strengthening the position of women worldwide.'

Phase and speed of the transition

Wealthy countries completed the domestic transition decades ago, but in many developing countries it is still in progress or may even have only just begun. The researchers wanted to know whether the transition in emerging countries follows a similar pattern to that in Western countries a few decades earlier. This pattern was characterised by a slow start, followed by a rapid sprint towards mass adoption of a particular item, after which a ceiling was reached. To answer this question, they examined amongst others TV and refrigerator ownership in 1,342 different regions within 88 low- and middle-income countries.

The transition did indeed follow a pattern that barely differs from that seen in Western countries. However, both between and within countries substantial differences in the phase and speed of the transition were observed. Smits: 'Whereas China and Mexico have already pretty much completed the transition, in the rural areas of Sub-Saharan Africa it has barely begun. There, basic needs, such as food, clothes and shelter, have to be met first, before people can even think about buying a refrigerator.'

Related factors

The data also reveal that the transition starts earlier and progresses faster in cities. Also regions with more economic development and higher levels of education experience a faster transition . A more favourable ratio of children and elderly people compared to the working-age population appears to be important too.

'Our analyses have given us a better understanding of the situation of households in developing countries, what is still needed to ensure a reasonable standard of living there and how quickly this could be achieved', explains Schilpzand.
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'Emotional contagion' a factor in seniors' mental health | ScienceDaily
Madeleine and Paul are sitting on a park bench. As she tells Paul about her financial worries and how she's been struggling for months to make ends meet, Madeleine's eyes well with tears. Paul is moved by her distress; her woes resonate with him and heighten his own fears. His heart grows heavy and his own eyes become moist, too.


						
What's going on? A kind of behavioural mirroring, what psychologists call "emotional contagion."

"Just as some people are more likely to catch a respiratory virus through close contact, others are more susceptible to 'catching' the emotions of the people around them," explained Marie-Josee Richer, a psychoeducator at the Institut universitaire de geriatrie de Montreal, affiliated with Universite de Montreal, who did doctoral research on the subject in the elderly.

"A person vulnerable to emotional contagion is especially sensitive to the emotions of others," added Pierrich Plusquellec, a professor in UdeM's School of Psychoeducation and co-director of the Centre for Studies on Human Stress. "It's an adaptive response that occurs unconsciously through mimicry of facial expressions, gestures and postures, leading to the emotions convergencing."

For example, he said, "a person with this sensitivity may feel physically tense when seeing angry people on TV, tear up when seeing someone cry, or feel more cheerful when in contact with a happy person. To measure vulnerability to emotional contagion, we look at a range of emotions: joy, love, anger, fear. Emotional contagion plays an essential role in a society, as it is the basis of empathy."

But this vulnerability can be a double-edged sword. In a new study co-supervised by Plusquellec and UdeM psychology professor Sebastien Grenier and published in PLOS Mental Health, Richer found that vulnerability to emotional contagion is greater among seniors suffering from psychological distress.

"This research was part of my work on psychological resilience in older adults," she said. "The main objective was to better understand the factors that influence resilience among seniors in order to help prevent psychological distress, which can have serious effects on the overall health of seniors, including increased risk of cardiovascular disease, cognitive decline and premature death."

The study found that vulnerability to emotional contagion varies from person to person, just as personality traits do, and is something that's often overlooked in studies of mental health, especially among the elderly.




170 adults studied

The UdeM researchers studied a group of 170 adults aged 55 or over living in retirement homes or using the services of community organizations, and who were dealing with some type of adversity. Adversity was defined as challenges, obstacles or difficult conditions that an individual may face, such as bereavement or conflict with a loved one (explicit adversity) or vulnerability to emotional contagion (implicit adversity).

The study was part of a larger project evaluating the effects of a program to manage stress and stress contagion. To be included, participants had to live in a metropolitan area and be interested in group stress-management techniques. The researchers sought a broad sample, including individuals with varying levels of psychological distress and physical limitations, so as to be representative of the general population.

Data were collected between September 2018 and September 2019. Most of the participants -- 85 per cent -- were women. They ranged in age from 56 to 96, with an average of 76.1. Most were born in Canada and lived alone.

Participants were divided into three groups based on level of psychological distress:
    	Nearly 45 per cent fit the anxiety profile, with clinical or subclinical symptoms of anxiety only.
    	Around 20 per cent were classified in the anxious depression profile, with clinical or subclinical symptoms of both anxiety and depression.
    	The last group, the no-distress profile, consisted of individuals with no significant symptoms of anxiety or depression.

"We classify symptoms of varying intensity that are strong enough to interfere with a person's daily life as 'subclinical' or 'clinical'," Grenier explained. "Symptoms are clinical if they meet the criteria for a formal diagnosis of anxiety or depression. For example, a person with clinical anxiety might experience frequent panic attacks, difficulty leaving the house and social isolation. A person with subclinical anxiety would not have a formal diagnosis but may experience physical symptoms and worries that affect their daily functioning."

Up to 10 times more symptomatic




The researchers analyzed levels of psychological distress in relation to factors such as sex, age, income, living situation, independence, satisfaction with one's social network and one's way of coping with adversity, and in relation to an emotional contagion scale that measured subjects' vulnerability in this regard.

The results show that the seniors who were most vulnerable to emotional contagion were 8.5 to 10 times more likely to present symptoms of anxiety or anxious depression than those who were less vulnerable. This finding was independent of other factors, such as an individual's social support or coping strategies.

The study marks the first time that vulnerability to emotional contagion has been examined as a determinant of psychological distress in seniors, the researchers say.

Though they did not establish a cause-and-effect relationship between vulnerability to emotional contagion and psychological distress, their study does highlight the importance of considering both explicit and implicit adversity to identify seniors at risk for psychological distress. In communal living environments, such as seniors' residences, and in caregiving situations, the risks of emotional contagion need to be addressed proactively, the researchers argue.

They recommend developing tools to help the individuals most vulnerable to emotional contagion better manage this sensitivity. This could strengthen their psychological resilience and help improve their quality of life. They also suggest future research on moderators of vulnerability to emotional contagion in order to improve our understanding of its impact on mental health and help reduce psychological distress in older people.
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Experiences of discrimination linked to postpartum weight retention | ScienceDaily
Researchers have been unable to explain why after giving birth, Black patients are two to three times as likely to retain or gain additional weight compared to their white counterparts, even when pre-pregnancy weight and gestational-weight trajectories are comparable. A first-of-its-kind study by University of Pittsburgh epidemiologists points to the stress of lived experiences with racism and gender-based discrimination as a possible explanation. The study was reported today in the American Journal of Epidemiology.


						
Since postpartum weight retention is associated with increased cardiovascular risk and other negative health outcomes that persist throughout one's life, the new research suggests interventions that address the underlying stressors of discrimination could be an important complement to community and clinical interventions.

"Beyond individual choices and behavior, we have to account for an individual's environment, because that can have an impact on health, too," said lead author Dara Mendez, Ph.D., M.P.H., associate professor of epidemiology and associate director of the Center for Health Equity at Pitt Public Health. "Context matters, and lived experiences matter. How can we link people to appropriate services and support in the postpartum period, in light of exposure to stress and experiences of discrimination?"

As part of the Postpartum Mothers Mobile Study (PMOMS), researchers recruited 313 pregnant individuals between 2017 and 2020, following them from their second trimester through one year postpartum.

Study participants weighed themselves on a weekly basis using Bluetooth-enabled scales, and completed brief surveys via smartphone once a day, on average. Study participants were asked about everyday experiences, including daily experiences of stress and discrimination. The surveys were administered using a method called ecological momentary assessment (EMA), which aims to capture data on thoughts and behaviors in real time, while the participant is in their natural environment. In addition, the study captured acute exposure to discrimination with major institutions such as applying for loans, interacting with teachers or academic advisors, searching for or retaining employment, and interacting with police, including being unfairly stopped, searched, questioned, threatened or abused.

Black participants retained 0.3 more pounds for every 10% increase in the number of days they experienced racial discrimination in the previous month. Gender discrimination was also associated with weight retention, with 0.4 more pounds retained per 10% increase in days with these experiences. These findings persisted even when pregnancy-health factors had been comparable to those of participants who experienced less racial and gender discrimination.

Additional authors of this research are Sarah Sanders, Ph.D., M.P.H., Andrea Casas, Ph.D., M.P.H., B.A., Marquita Smalls, M.P.H., Tiffany Gary-Webb, Ph.D., M.H.S., Linda Adodoadji, John Gianakas, Amy Lai, Ph.D., M.S.P.H., Lora Burke, Ph.D., M.P.H., F.A.H.A., F.A.A.N., Maisa Feghali, M.D., and Meredith Wallace, Ph.D., all of Pitt; Amanda Tapia, Dr.P.H., of Mayo Clinic; Esa Davis, M.D., M.P.H, of University of Maryland; Stephen Rathbun, Ph.D., of University of Georgia; and Serwaa Omowale, Ph.D., L.M.S.W., M.P.H., of UTHealth Houston.

This research was supported by the National Heart, Lung, and Blood Institute (#R01HL135218).
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Why health and price, not sustainability, drive US meat consumption choices | ScienceDaily
Environmental sustainability isn't a major factor influencing meat consumption decisions for most Americans, despite increasing awareness of the climate impacts of red meat production, according to Rutgers researchers.


						
The study, published in Appetite, examined meat and seafood consumption patterns among a nationally representative sample of more than 1,200 U.S. adults. Researchers found while many Americans report reducing their red meat intake, health concerns and price are the primary motivators rather than environmental considerations.

"There's a disconnect between the mounting evidence on meat's environmental footprint and what's actually driving consumer behavior," said Shauna Downs, an associate professor in the Department of Health Behavior, Society and Policy at Rutgers School of Public Health and lead author of the study. "Our findings suggest that messaging focused solely on sustainability may not resonate with most U.S. consumers regarding meat choices."

Key findings from the study include:
    	78% of participants reported consuming red meat 1 to 4 times per week, with 14% consuming it 5 or more times weekly
    	Nearly 70% said they had reduced red meat consumption in the past year, primarily citing health (64%) and price (32%) as reasons
    	Six percent of those reducing red meat cited environmental sustainability as a factor
    	Health (85%) and taste (84%) were rated as the most important considerations when purchasing meat overall
    	Environmental sustainability (29%) and animal welfare (28%) were rated as least important

The researchers found some demographic differences in meat consumption patterns and motivations. For example, respondents ages 65 and older were more likely to report reducing red meat intake than younger adults. Black respondents rated factors such as price, health and sustainability as more important in meat purchasing decisions compared with other racial and ethnic groups. Compared to male respondents, female respondents reported environmental sustainability and health as important in making meat purchasing decisions.

"These findings can help inform more effective interventions and messaging campaigns to shift diets in a more sustainable direction," Downs said. "Focusing on health benefits and affordability, rather than environmental impacts alone, is more likely to motivate changes in meat consumption for most Americans."

The study comes as climate scientists increasingly point to reducing meat consumption, particularly beef and lamb, as a key strategy for mitigating climate change. However, efforts to reduce meat intake in the U.S. face cultural and political roadblocks, such as the strong lobbying power of the meat industry, with previous attempts to incorporate sustainability considerations into federal dietary guidelines being met with pushback.




"There are clearly some barriers to overcome in terms of making sustainability a priority for consumers," said Emily V. Merchant, assistant professor in the Department of Urban-Global Public Health at the Rutgers School of Public Health and a co-author of the study. "Creative, multifaceted approaches that also emphasize health, taste and affordability may be needed to shift eating patterns in a meaningful way."

The researchers said future studies should explore how to effectively combine different motivators in public messaging and interventions around meat consumption. They also called for more research on how to make minimally-processed plant-based alternatives more appealing to meat eaters.

"Small shifts in diet across a population can add up to significant environmental benefits," Downs said. "Finding ways to make those shifts that resonate with consumers' existing priorities around food choice will be key. This needs to happen alongside policies aimed at making changes to the environments in which we make those food choices. For example, including sustainability considerations in public procurement policies or making tasty plant-based meals more available and affordable."

The study, conducted in collaboration with researchers from Columbia University's Climate School, Cornell University, and the International Food Policy Research Institute, was funded by the Stavros Niarchos Foundation.
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Power of aesthetic species on social media boosts wildlife conservation efforts, say experts | ScienceDaily
Facebook and Instagram can boost wildlife conservation efforts through public awareness and engagement, according to a study published in the peer-reviewed journal Environmental Communication.


						
The findings based on the caracal -- a wild cat native to Africa with distinctive tufted ears -- demonstrate how social media can harness support for the predators, which some farmers shoot and poison.

Results show that the mammal's similarity to a domestic feline has attracted thousands of followers to internet feeds about caracal conservation. The researchers suggest this online appeal is linked to the phenomenon where cat images, videos, and memes go viral.

They highlight how 'charismatic' smaller mammals such as the caracal can be used as a 'flagship species' to communicate the aims of scientific research in rapidly urbanizing areas.

"Using an aesthetic species such as the caracal is an effective way to capture public attention to communicate the importance of conserving urban wildlife," say Drs Gabriella Leighton and Laurel Serieys from the University of Cape Town.

"These findings highlight the use of smaller carnivores as flagship conservation species for rapidly urbanizing areas.

"This paper contributes to our understanding of the various ways in which the public can participate in science. It shows how charismatic species can contribute to conservation and public awareness of biodiversity in urban areas.




"The research demonstrates how a public interest in urban ecology and the global phenomenon of 'cats on the internet'...can be harnessed to leverage conservation action."

Better public engagement is key to achieving conservation goals, especially in biodiversity hotspots. A range of species are both unique to these regions and endangered, and these threatened areas are increasingly urbanized and understudied.

Cape Town is located within a biodiversity hotspot and home to the caracal, an elusive mammal regarded as vermin by livestock farmers elsewhere in South Africa.

The Urban Caracal Project (UCP) was set up in December 2014 to explore caracal ecology and social media was used to influence awareness and perceptions towards caracal conservation in an urban setting. The UCP is run by a research team hosted by the Institute for Communities and Wildlife in Africa at the University of Cape Town.

The project communicates its works in several ways including via a website but most interactions are via social media.

The study authors used Google Trends to assess the global popularity of caracals from 2004 to present day, before and after UCP was set up. They compared the interest with that in a similar African wildcat -- the serval.




They also used recent Facebook and Instagram data to analyze all material UCP had posted online and looked at direct public engagement such as reported caracal sightings, rescues, and finds of the wildcats dead.

Results showed a doubling in search interest in the term 'caracal' since UCP was launched. This represents a 91% increase compared to that for 'servals' which rose by 76% in the same period. The authors say this suggests the project has helped raise awareness of the caracal as a species worldwide.

Other findings include the fact the project now has more than 16,800 Facebook followers and more than 7,300 on Instagram, figures that represent 'micro-influencer' status. Most are from people in South Africa but also include those in the UK, India, and the US.

The UCP has received traffic and interactions from accounts linked to the 'Big Floppa' meme inspired by an overweight caracal born in a cattery in Kyiv, Ukraine. Again, this links to the popularity of 'cats on the internet' according to the authors.

The authors also say caracal deaths reported by the public -- often via WhatsApp and social media -- allow them to perform post-mortems. They can then assess threats to the caracal population and roadkill patterns.

Tissue analysis has revealed the animals are exposed to pollutants and pesticides, such as rat poison. Samples have even been collected from otherwise unreachable areas thanks to this citizen network.

The sightings and Facebook comments provide conservationists with useful information on how caracals respond to humans. Most encounters occur on roads or paths with caracals described as 'chilled' or 'calm' before quickly moving away.

The most common positive adjective used in Facebook comments is 'beautiful', and 'sad' for negative posts usually in response to a death or population threat. This demonstrates the extent to which social media engagement has led to people caring about caracal welfare, add the authors.
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How prisons fall short in protecting the incarcerated from climate disasters | ScienceDaily
Blistering heat, freezing cold, and overflowing sewage water: These were the living conditions that formerly incarcerated people in Colorado said they suffered inside the state's prisons and jails.


						
In a new paper, drawing on accounts from nearly three dozen previously incarcerated people, researchers at the University of Colorado Boulder reveal a disturbing story of how prisons and jails in Colorado have failed to provide humane protections from growing environmental hazards brought on by climate change. In many cases, the authors report, inadequate policies and dated infrastructure leave incarcerated people uniquely vulnerable to these harms, such as extreme heat and wildfire smoke.

The study was published Oct 13 in the journal Environment and Planning E: Nature and Space.

"There are so many harrowing accounts of how this system is built to operate in one way and is not good at changing or responding dynamically," said the paper's first author, Ben Barron, who did the research as a doctoral student in the Department of Geography. "As climate hazards become more frequent and intense, dynamic responses are the only thing that's going to protect these people when their agency is severely limited."

The study comes on the heels of multiple reports of Florida and North Carolina prisons failing to evacuate incarcerated people when two deadly hurricanes, Helene and Milton, struck the East Coast. People in those facilities reportedly had no power or running water for days, with sewage overflowing into their cells.

Increasing climate risks

Studies have shown that climate change is likely to increase the intensity and frequency of extreme climate events. In Colorado, that means people are more likely to experience strong heat waves, winter storms, flooding and poor air quality from wildfires.




Barron and a team of experts in engineering, environmental design, and environmental justice set out to study how incarceration facilities cope with increasing climate hazards, an understudied topic in academia.

"As an engineer, it's shocking to me how little is included in our education and training about these social injustices and our role in amplifying them," said co-author Shideh Dashti, associate professor in the Department of Civil, Environmental and Architectural Engineering. "There is a lot of focus on the strength and stability of these facilities and little to no attention to the wellbeing and safety of incarcerated people."

In their previous research, the team uncovered that at least three-quarters of Colorado's jails and prisons -- housing over 80% of the state's incarcerated population -- are susceptible to at least one natural disaster in the coming year. About half of the facilities are at risk of extreme heat.

To better understand how disaster planning works inside prisons and jails, the team first reached out to carceral facilities. But the authors said none of the facilities responded to the team's interview request. So they decided to speak directly with those who have lived through climate hazards there.

Barron interviewed 35 formerly incarcerated individuals from 23 prisons and 15 jails in Colorado. The team found that over 60% of the interviewees said they had direct experience with at least one of the four main climate hazards in Colorado: extreme heat, extreme cold, wildfires and floods. All participants said they had experienced uncomfortable temperatures, poor air quality, or water issues, such as burst pipes and sewage backups.

"It's so important to have this opportunity to amplify the voices and experiences of these people, especially in a context where the system is actively trying to keep those stories from being heard," Barron said. The researchers said there have been incidents in which incarceration facilities attempted to cover up conditions by falsifying data, such as indoor temperatures.




Failing infrastructure 

Summer 2024 was the hottest on record in the Northern Hemisphere and the second hottest in Denver. But many prisons and jails lack air conditioning or don't use it properly, the team found.

Interviewees mentioned that some facilities only turn on the air conditioning on an arbitrary date that does not correlate with the actual outside temperature. As a result, residents can be stuck in an extremely hot or cold cell for weeks.

"That kind of discomfort, over long periods of time, I suppose is a very small form of torture," one interviewee, who spent 34 years incarcerated, told Barron.

More than one-third of interviewees experienced at least one wildfire while incarcerated. They described how smoke entered from cracked windows and ineffective ventilation systems and burnt their noses and eyes. People said they were left to breathe soot and ash for days.

To date, Colorado has only evacuated one prison due to wildfires. In 2013, the Royal Gorge fire forced a facility in southern Colorado to evacuate 900 incarcerated people to an empty facility. The process was poorly organized and inefficient, according to one interviewee who was evacuated.

"These buildings are designed to keep people in, not effectively get them out," said Barron, adding that they were unable to confirm whether the facilities have set evacuation plans.

The researchers say their findings reflect a national pattern.

In North Carolina, where torrential rain from Hurricane Helene inundated the western part of the state, individuals held in several incarceration facilities reported living without light or running water for days, with some forced to sleep in rooms where toilets overflowed with feces. Similarly, several jails and prisons in Florida refused to evacuate their residents ahead of Hurricane Milton, despite mandatory evacuation orders issued for the areas.

"The fact that in the U.S. someone could be arrested for abandoning a dog in a flood, but nobody's being held accountable when human beings are left in jail cells when water rises, is a huge contradiction in our system," said co-author Phaedra Pezzullo, professor in the Department of Communication.

A difficult battle

Some study participants said that they could be punished for filing complaints about their living conditions.

Many of them came up with their own solutions. For example, some intentionally flooded their cells to cool down in the water. Others used cardboard and plastic to block cracks in the windows and keep wildfire smoke out.

The team hopes the study will inspire more research around climate change adaptation, mitigation and prevention while considering these underheard voices.

The researchers note that some state legislators are already working to improve conditions inside incarceration facilities, but progress often hits roadblocks, partly due to differing opinions on what punishment should look like.

"Even if we fully agree that the response to a crime is that you should be locked in a cell for a certain amount of time, nowhere in the law does it say you should be exposed to poor air quality, extreme temperatures, or the risk of living in sewage water for a week," Barron said. "These vastly exceed unreasonable, disproportional punishment."
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Current test accommodations for students with blindness do not fully address their needs | ScienceDaily
Researchers at University of Tsukuba have demonstrated that the current accommodations for examinees with blindness for examinations such as those related to admissions are inadequate, particularly for examinations requiring the reading of complex tables. Specifically, the provision of a time extension of 1.5 times the standard duration for answering examination questions with complex tables presented in braille is insufficient for accurately assessing the abilities of examinees with blindness. Considering these findings, the researchers emphasize the urgent need to reassess examination methods to ensure fair evaluation of these examinees' abilities.


						
Students often appear for high-stakes tests that hold significant weight in determining their futures. One such examination, the Common Test for University Admissions, currently allows examinees using braille an extended examination time of 1.5 times the standard duration. However, with the recent increase in complex questions and questions involving charts and diagrams in such tests, it is necessary to review whether the current accommodations remain adequate.

The researchers assessed the validity of the current time extension for examination questions containing complex tables by measuring the time required to read the text and complex tables. The results showed that 70% of the examinees completed the braille text reading task within 1.5 times the standard duration and 100% completed it within double the duration. However, none of the examinees finished the braille table reading task within 1.5 or even double the extended time. Furthermore, the table reading task revealed considerable individual differences in reading speed, with no correlation observed between this task and braille text reading. This suggests that people who read braille sentences quickly cannot necessarily read braille tables at the same pace.

These findings demonstrate that the current time extension for examinees using braille is insufficient when examination questions include complex tables. This prompts a consideration of how to properly assess the abilities of such examinees and raises the broader question of how to evaluate the skills of each individual regardless of disability status. This research indicates the need to reconsider the current examination framework itself.

This work was supported by the Japan Society for the Promotion of Science (grant number 20H00822).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241108113737.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dog-owner interaction is reflected in heart rate variability | ScienceDaily
A study at the University of Jyvaskyla showed that the heart rate variability of a dog and its owner adapt to each other during interaction. High heart rate variability is associated with relaxation, while low heart rate variability indicates stimulation. The study deepens our understanding of the emotional connection between a dog and its owner, including its underlying physiological mechanisms.


						
Emotional connection enhances interaction in human relationships. Emotional synchronisation in the interaction between a child and a parent is essential for affective attachment. The relationship between a dog and its owner is also based on attachment, but little is known about its physiological mechanisms.

The heart rate variability of a dog and its owner adapt to each other

In a study conducted at the University of Jyvaskyla, at the Department of Psychology and Jyvaskyla Centre for Interdisciplinary Brain Research, it was found that the heart rate variability of a dog and its owner are interconnected during interaction. Heart rate variability, in other words, the variation in the heartbeat intervals, indicates the state of the autonomic nervous system. High heart rate variability is associated with a state of relaxation and recovery, while low heart rate variability indicates stimulation or strain, such as stress during an exam or sport performance. In this study, the owner's high heart rate variability was connected to the dog's high heart rate variability, and vice versa. In addition, the physical activity levels of a dog and its owner mutually adapted to each other during the study.

Different connections for activity and heart rate variability 

The connections of heart rate variability and activity levels between a dog and its owner were monitored during specific interaction tasks. Both heart rate and activity level were interconnected between dogs and their owners, but at different times. During free-form resting periods, the owner's high heart rate variability was connected to the dog's high heart rate variability. In other words, when the owner was relaxed the dog was also relaxed. Moreover, the owner's and dog's activity levels were similar during the given tasks, such as playing. Although it is known that physical activity has an impact on heart rate, the strongest connections of these variables between dog and owner were found in different situations and do not fully explain each other. This suggests that the connection in heart rate variability reflects the synchrony of emotional state rather than of activity levels.

"The interconnection in heart rate variability between the dog and its owner during resting periods may be explained by the fact that in those instances there were no external tasks, but the counterparts could react more to each other's state in a natural way," says Doctoral Researcher Aija Koskela.




Owner's temperament is connected to the dog's heart rate variability

The study also investigated various background factors for the interconnection of the heart rate variability of the dog and its owner. Bigger dogs had higher heart rate variability. In addition, the dog's high heart rate variability was also explained by the owner's negative affectivity, a temperament trait that reflects the person's tendency to become easily concerned about negative things. This type of owner tends to develop a strong emotional bond with the dog, and therefore the shepherd dogs of this study possibly had a higher sense of safety with these owners.

The dog also influences the owner

A surprising finding in the study was that the owner's heart rate variability was best explained by the dog's heart rate variability, even though also the owner's activity level and body mass index, which are known to impact heart rate, were taken into account in the analysis.

"We exceptionally investigated both a dog's and its owner's heart rate and activity level simultaneously, whereas previous studies have commonly focused either on the human's or the dog's perspective," says the leader of the study, Academy Research FellowMiiamaaria Kujala. "The challenging research setting gives a better opportunity to investigate interactive aspects."

This study indicates that the emotional states of dogs and their owners as well as the reactions of their nervous system become partially adapted to each other during interaction. The same mechanisms that strengthen human affective attachment also seem to support the relationship between a dog and its owner. This study deepens our understanding about interaction between species and about the meaning of emotional connection between dogs and humans.

Interaction research involved dogs bred for cooperation

The study was funded mainly by the Research Council of Finland and the Agria & Svenska Kennelklubben Research Fund. It involved altogether 30 voluntary dog owners with their dogs. The dogs represented breeds refined for cooperating with humans, such as sheep dogs and retrievers. The research findings are in line with previous studies, which have suggested that breeds selected for cooperation are particularly sensitive to react to their owners' behaviour and personality traits. Next, the project will seek to shed light more specifically on the influential mechanisms involved in this phenomenon.

The study was published on 24 October 2024 in Scientific Reports: Koskela, A., Tornqvist, H., Somppi, S. et al. Behavioral and emotional co-modulation during dog-owner interaction measured by heart rate variability and activity. Sci Rep 14, 25201 (2024).
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How much climate change is in the weather? | ScienceDaily
Only a few weeks ago, massive precipitation produced by the storm "Boris" led to chaos and flooding in Central and Eastern Europe. An analysis conducted by the Alfred Wegener Institute shows that in a world without the current level of global warming Boris would have deposited roughly nine percent less rain. Such conclusions can be drawn thanks to a new modelling approach called 'storylines'. How it can be used in near-real-time was just presented in the Nature journal Communications Earth & Environment. At the same time, the AWI team released a freely available online tool that allows users to identify the fingerprints of climate change in current extreme weather events and create their own comparison graphics.


						
In mid-September, the storm "Boris" produced torrential rains and extreme flooding in Poland, the Czech Republic, Austria and Romania. In many of the affected regions, it was one of the highest amounts of precipitation ever recorded in a five-day period. There were at least 27 fatalities, while countless families were forced to leave their homes. In the meantime, the situation has improved and cleanup efforts are running round the clock. But already the next weather extremes, this time in Spain, are cause for concern. Time and time again, a central question arises in public, political, and media forums: was the catastrophe caused by global climate change?

"For the past few years, science has been able to provide robust answers to this absolutely legitimate question," says lead author Dr Marylou Athanase, a physicist in the Climate Dynamics Section of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI). "As early as one or two weeks after a given event, so-called probabilistic attribution studies can be used to draw initial conclusions on how much more probable the event was, due to climate change."

The only problem: probabilities are often somewhat intangible, especially when they collide with concrete and exceptional, real-world events. When it comes to external communications -- with the public and decision-makers -- the scientific community has never had a tool that could show the influence of global climate change on the actual local weather in an impressive yet readily understandable way. "That's why we at the AWI have worked so hard to advance a totally new way -- the 'storyline' approach," explains Dr Antonio Sanchez-Benitez, a fellow physicist in the Climate Dynamics Section and co-lead author of the study. "Essentially, we apply the 'what if?' principle. What would a given catastrophe look like in a world without climate change? And what about in a climate that was even warmer? By comparing the hypothetical scenarios with the reality, we can then very clearly identify the fingerprints of climate change -- and not just for extreme weather events, but also for day-to-day weather."

Using storm Boris as an example, the AWI experts have now demonstrated what the new approach can do in the Nature journal Communications Earth & Environment. A comparison of the scenarios shows: without global warming, Boris would have deposited roughly nine percent less rain. In reality, however, on its way from the eastern Mediterannean and the Black Sea toward Central Europe, the storm was able to gather in intensity because the water was roughly two degrees Celsius warmer than preindustrial levels -- which meant a correspondingly higher percentage of water vapour in the air above the region. Nine percent might not sound like much, but when it comes to the consequences of heavy rains, it always comes down to how much water gathers on the surface and where it all goes -- can a river, a dam, or a sewage system hold it, or does it spill over, doing tremendous damage in the process?

But how did the experts manage to connect climate model-based simulations, which are mainly designed for long-term trends, with the actual local weather? "One important aspect is what is known as 'nudging'," explains Dr Helge Gossling, a climate physicist and team lead of the storyline research at the AWI. "Climate models normally simulate a specific, quasi-random sequence of weather conditions, which is consistent with the laws of physics that their programming is based on. In order to identify differences in the climate, you need to see whether the mean values and distributions change, over a long period of time with a correspondingly large number of weather conditions. Likewise, in weather models the simulated conditions have very little to do with the reality after a few weeks; the actual weather can only be predicted to a limited extent. With the 'nudging', we provide the model with actually observed wind data, including phenomena like the jet stream, and we nudge the model a bit in the direction of the actually observed wind. In this way, we can accurately reproduce real weather in the real climate. Then we change the background climate of the model, for instance to a world untouched by climate change by reducing the greenhouse-gas concentrations and adjusting other aspects, and repeat the experiment."

The model used is the CMIP6 version of the AWI climate model, which was also part of the base data for the IPCC's Sixth Assessment Report. The wind data fed into the model stems from the ERA5 reanalysis produced by the European Centre for Medium-Range Weather Forecasts (ECMWF). "We have since automated the system to the point where daily analyses on the current weather are run on the supercomputer at the German Climate Computing Center (DKRZ)," says Marylou Athanase. "The data is then transferred to an online tool that runs on the AWI's servers and is freely accessible to everyone at https://climate-storylines.awi.de. The analyses are conducted with a three-day delay on 'real-time', after which they're available online. As a result, interested users can log on anytime to see the 'Climate Change Signal of the Day' for extremes and everyday weather, around the globe and in near-real-time, in the form of interactive maps and timelines, though for the time being, only data on the temperature and precipitation from 1 January 2024 onwards is available. Our goal is to promote a better understanding of the connections between climate change and extreme weather events, and to supply concrete and timely answers that can also be used in media coverage of these events."
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Pioneering Planetary Boundaries science as key to mitigating rising planetary risks | ScienceDaily
The Planetary Boundaries framework is a pivotal tool for tackling the climate crisis and safeguarding humanity's future on Earth. For the first time, the full story of the Planetary Boundaries is now being told from its beginning: In a review, researchers highlight the growing influence of the PB framework across disciplines and its impact on society and policy. The article offers a unique overview of how the framework has been adopted across sectors. It also underscores how, 15 years after its initial proposal, PB science has become widely recognised as crucial for advancing the global sustainability agenda in an era of rising planetary risks.


						
"Monitoring and governing Earth's stability and resilience is no longer optional -- it is an urgent necessity to restore Earth's balance and stay within safe boundaries," says Johan Rockstrom, director of the Potsdam Institute for Climate Impact research PIK and lead author of the paper. Together with an international team of 28 scientists he first proposed the Planetary Boundaries (PB) framework in 2009. "Thanks to the science of the Planetary Boundaries, we have clear evidence that there is no solution to the climate crisis and no way of holding the 1.5degC boundary, without coming back to the safe operating space within the Biosphere boundaries: biodiversity, water, land, ocean, nutrients, aerosols. We need to consider all boundaries together to safeguard Earth's health."

"Understanding our relationship with the planet is a form of empowerment, and the Planetary Boundaries framework provides a clear way to understand how much we are taking from Earth. In this sense, it is essential for guiding the development of sustainable societies," says Katherine Richardson from the University of Copenhagen, author of the review and of all the PB assessments.

The authors of the review trace the development of the PB framework, describing how evidence of tipping points, the Anthropocene and Holocene led to the proposal of this pioneering holistic model of Earth's health. Today, it provides a scientific basis for guiding global development toward life-supporting conditions akin to those of the Holocene. The PB framework identifies nine global biophysical boundaries that are essential for regulating the Earth system, such as climate change and biosphere integrity. The third update in 2023 not only quantified all boundaries, it also concluded that six of the nine boundaries have been transgressed, highlighting the urgent need for immediate action to mitigate further risks.

A roadmap for the future

In their review, the researchers reflect on the significant impact of the PB framework on Earth system governance and its role in bridging the gap between Earth system science and sustainability science. They show how PBs have paved the way for innovative concepts like planetary health and doughnut economics. Their conclusion is that PB science has become mainstream in global sustainability science, and increasingly adopted across business, finance, policy and civil society, as a framework guiding sustainable development in the Anthropocene. Examples of adoption of PB science are mapped in the article, including country studies like for New Zealand, operationalising attempts in cities like Amsterdam, business networks like the World Business Council for Sustainable Development (WBCSD) and global science assessment mechanisms like the Earth Commission.

The paper furthermore explores the continued development of PB science in advancing the global sustainability agenda. Looking ahead, the authors stress the importance of ongoing progress in PB science, particularly through higher-resolution Earth monitoring, more frequent PB assessments, and innovative solutions that address issues of equity and justice in the context of global sustainability. In light of rising planetary risks, PB science provides a roadmap for a future where human development can thrive on Earth. By adopting strategies that operate within Planetary Boundaries, society can foster resilience and equity across generations, ensuring a sustainable legacy.
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Chimpanzees perform better on challenging computer tasks when they have an audience | ScienceDaily
When people have an audience watching them, it can change their performance for better or worse. Now, researchers reporting in the Cell Press journal iScience on November 8 have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this "audience effect" predates the development of reputation-based human societies, the researchers say.


						
"It was very surprising to find that chimpanzees are affected in their task performance by audience members, and by human audience members nonetheless!" says Christen Lin of Kyoto University in Japan. "One might not expect a chimp to particularly care if another species is watching them perform a task, but the fact that they seem to be affected by human audiences even depending on the difficulty of the task suggests that this relationship is more complex than we would have initially expected."

The researchers, including Shinya Yamamoto and Akiho Muramatsu, wanted to find out if the audience effect, often attributed in humans to reputation management, might also exist in a non-human primate. People, they knew, pay attention to who is watching them, sometimes even subconsciously, in ways that affect their performance. While chimps live in hierarchical societies, it wasn't clear to what extent they, too, might be influenced by those watching them.

"Our study site is special in that chimpanzees frequently interact with and even enjoy the company of humans here, participating almost daily in various touch screen experiments for food rewards," Muramatsu says. "As such, we saw the opportunity to not only explore potential similarities in audience-related effects but also to do so in the context of chimps that share unique bonds with humans."

The researchers made the discovery after analyzing thousands of sessions in which chimpanzees completed a touch screen task over six years. They found in three different number-based tasks that chimpanzees performed better on the most difficult task as the number of experimenters watching them increased. In contrast, they also found that, for the easiest task, chimpanzees performed worse when being watched by more experimenters or other familiar people.

The researchers note that it remains unclear what specific mechanisms underlie these audience-related effects, even for humans. They suggest that further study in non-human apes may offer more insight into how this trait evolved and why it developed.

"Our findings suggest that how much humans care about witnesses and audience members may not be quite so specific to our species," Yamamoto says. "These characteristics are a core part of how our societies are largely based on reputation, and if chimpanzees also pay special attention towards audience members while they perform their tasks, it stands to reason that these audience-based characteristics could have evolved before reputation-based societies emerged in our great ape lineage."
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School suspensions and expulsions can lead to a lifetime of depression, study finds | ScienceDaily
Each year, nearly 5 million children in the U.S. are suspended or expelled from school. New research from the University of Arkansas found this type of school discipline can lead to higher rates of depression through adolescence and into early adulthood.


						
The findings were published in the latest issue of Advances in Life Course Research. The study provides empirical evidence for previous suggestions by scholars that school suspensions and expulsions can have long-term effects on mental health.

Driven by zero-tolerance policies, school suspensions and expulsion rose by roughly 50% from the 1970s through 2010. Exclusionary discipline, once reserved for violent acts, drug use or possession of weapons, has increasingly been imposed for less serious behaviors.

"It evolved from these very clearly problematic behaviors to more subjective things, like disrespect or defiance," said first author Alexia Angton, assistant professor of sociology and criminology at the University of Arkansas.

In the U.S., six out of 10 schools still use exclusionary discipline, even though researchers have questioned its effectiveness. Boys, economically disadvantaged young people and Black, Latino and Native American students more often receive suspensions and expulsions.

Using the National Longitudinal Study of Adolescent to Adult Health (Add Health), an ongoing study of 20,000 people who were adolescents in the mid-1990s, Angton and her colleagues were able to track how often students who were suspended or expelled reported depression later in life.

Adolescents who were suspended or expelled showed "significantly higher depressive symptoms," the researchers found. This group's self-reported rates of depression decreased slightly in their late teens and early 20s, and then rose again as they reached their early 30s, the most recent data available in the Add Health survey.




Scholars have established that early exposure to stress can lead to physical or mental health problems in adulthood. Most of that research, however, has focused on adverse childhood experiences at home, such as physical abuse or substance use by parents.

"We know very little about how these stressors in school shape long-term physical and mental health outcomes. So, this really is an entirely new line of research," said co-author Michael Nino, U of A associate professor of sociology and criminology and director of the Arkansas Health Equity and Access Lab.

Another study by Nino, published early this year in the journal Socius, showed that students who were suspended or expelled reported poorer physical health from adolescence through middle age.

"Broadly speaking, we definitely need discipline reform," Angton said. "What can we put into place towards lessening the effects of suspension and expulsion down the line?"

Shauna Morimoto, U of A professor of sociology and criminology and associate dean of the Fulbright College of Arts and Sciences, and Kazumi Tsuchiya, assistant professor of public health at the University of Toronto, were also co-authors on the paper.
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Encouraging quiet during zoo visits might lead to a better appreciation of the animals | ScienceDaily
Encouraging quietness during zoo trips can help visitors better appreciate their inhabitants and lead to more fulfilling, respectful and informative experiences, a new paper argues.


						
More opportunities for silence would allow people to better notice the natural world and the behaviour of animals, researchers say.

Being considerately and respectfully quiet may help visitors to care more about the animals and work of zoos to protect species. The paper says it is possible for zoos to be places of entertainment and quiet recreation.

The study is by Alexander Badman-King, Tom Rice, Samantha Hurn and Paul Rose from the University of Exeter and Adam Reed, from the University of St Andrews.

Researchers conducted experimental silent zoo visits in the South West of the UK. A high proportion of those who took part suggested that they would be willing to pay a premium to gain access to the zoo for designated quiet visiting times.

Participants in the silent and quiet visits run as part of the Listening to the Zoo project frequently mentioned feeling that being quiet made their experience of the zoo conducive to meditation, mindfulness and relaxation. The visits allowed them to engage with the zoo environments in ways which they felt enhanced their wellbeing.

Dr Badman-King said: "During quiet appreciation people can still experience enjoyment, even fun, and quietness is best suited to the learning and conservation aims of zoos.




"If we say 'here are some animals which we are keeping in captivity so that you can come and appreciate them in a respectful way and learn about the plight of their wild counterparts', then we are engaging in a very different kind of activity from the more conventional 'fun day out' way of thinking about zoo visits.

"Zookeepers pay close and quiet attention to both individual animals and species more generally. They can provide an example of the kind of appreciation towards which this culture shift should point.

"It is important not to misconstrue this suggestion as being an oddly macabre insistence that everyone should be miserable when they visit zoos. Zoos must and should communicate some unpleasant facts, they also show us profound beauty, the almost unfathomable wonder of the natural world, and yes, the funny, cute and intimidating forms and behaviour of these animals. An attitude of appreciation, one which is coterminous with being quiet, fits this complex mixture of experiences far better than a culture of zoogoing which regards noise as normal."

Professor Rice said: "By encouraging and allowing visitors to direct their attention more fully at the animals, plants, environments and information in zoos, these places can offer us all something far richer and more valuable than they already do."

The study says encouraging more quietness in zoos could help to partially restore their original purpose as places for quieting overstimulated minds, with related benefits in terms of health and wellbeing for human visitors, and many non-human residents of the zoo. But any changes will require initiatives from zoos themselves.

The Listening to the Zoo project was funded by the ESRC and carried out at zoos in Bristol and Paignton.
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Soil sampling in Houston's Greater Fifth Ward reveals toxic levels of lead in yards, play areas | ScienceDaily
Houston, like many American cities, has areas with soil contaminated by non-biodegradable and persistent pollutants such as arsenic, lead, nickel and cadmium, known as heavy metals and metalloids. These are both naturally occurring in the atmosphere and a byproduct of industrial metal processing, leaching or runoff and are commonly found in traffic emissions and paint.


						
While some heavy metals and metalloids -- notably zinc and copper -- are vital to human health in minute quantities, prolonged exposure is known to cause cognitive decline, organ damage, various cancers and other health problems. Children, especially those in urban areas, are thought to be particularly at risk.

Now, a study led by researchers from the Texas A&M University School of Public Health, with participation by local residents, has found significantly elevated levels of heavy metal contaminants in an area of the Greater Fifth Ward neighborhood two miles northeast of Downtown Houston.

"Heavy metals and metalloids have been extensively studied and regulated over the past 50 years, but evidence is growing that contact is more prevalent than previously thought, especially in so-called cancer clusters like the Greater Fifth Ward, where most residents are socioeconomically disadvantaged racial and ethnic minorities," said Dr. Garett Sansom with the Department of Environmental and Occupational Health at the Texas A&M School of Public Health and a corresponding author of the study published in the Journal of Exposure Science & Environmental Epidemiology.

Partnering With Residents

The team formed partnerships with Houston-based environmental action groups Coalition of Community Organizations and IMPACT GFW a year before the project began. From these organizations, they recruited five Greater Fifth Ward residents who served as block captains during the study, based on a program coordinated by the Houston Health Department. The five teams consisted of a block captain and Texas A&M students, with at least one member who spoke Spanish.

"A major strength of this study was that residents helped design the study, collect soil samples and share the results," said Sansom. "This made the project a true partnership, with each side benefiting from increased communication and gaining tools that could lead to policy changes and other improvements."

From July to November 2021, after receiving in-person training and related resources, the teams conducted 12 sampling activities for a total of 193 soil samples from residential yards in the Greater Fifth Ward. After being freeze-dried and homogenized, the soil samples were sent to nationally accredited, Houston-based A&B Labs for batch analysis on the type and concentration of arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver.




The researchers then used statistical analyses and screening levels and benchmarks set by the U.S. Environmental Protection Agency to calculate cumulative cancer and non-cancer risks for children and adults, as well as soil suitability for crop growing and related uses.

Results

The highest detectable concentrations of heavy metals were lead, barium and chromium. All samples except for lead had less than or the same levels expected for an urban area.

"The median levels of lead detected in seven samples from play areas (400 mg/kg) and three samples from residential areas (1200 mg/kg) were four times the levels for Texas overall," said Sansom. "And these likely were underestimated because they did not account for lead-based paint or automotive fuel."

Greater Fifth Ward residents learned of the study results through a mailing and a town hall. Before that, the block captains reviewed and approved the results to ensure that the information was understandable. In addition, a final report was shared with the two community organizations involved.

"This study provided a baseline that could aid the development of environmental protection programs," Sansom said. "In addition, the involvement of community partners was critical to its success and should be used as a model for future research with vulnerable populations and other direct stakeholders."

Other researchers were Dr. Taehyun Roh with Texas A&M's Department of Epidemiology and Biostatistics, Dr. Thomas J. McDonald Regents Professor with the Department of Environmental and Occupational Health, Dr. Weihsueh A. Chiu with the Department of Veterinary Physiology and Pharmacology, and Dr. Leanne Fawkes, a doctoral student at the Texas A&M School of Public Health at the time of the study and now with the University of Texas School of Public Health San Antonio.
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Some of the world's least polluting populations are at much greater risk of flooding fueled by climate change | ScienceDaily
A new study has exposed for the first time how inhabitants of the smallest countries globally, contributing least to climate change, already bear the brunt of its devastating consequences and the burden is likely to worsen.


						
The research, led by the University of Bristol, showed on average nearly one in five people (20%) in Small Island Developing States (SIDS) -- totalling some 8.5million -- are now exposed to coastal and inland flooding. For three of the 57 countries concentrated in the Pacific, Caribbean, Indian Ocean, and South China Sea, namely the Bahamas, Guyana, and Tuvalu, this proportion trebles to more than 60% of the population, according to the findings.

Amidst record-breaking rainfall and catastrophic scenes in Valencia, Spain, the findings further highlight the severe risk of flooding for people in all parts of the world.

Lead author Leanne Archer, Research Associate at the University's Cabot Institute for the Environment, said: "Flooding is now an alarming real-world threat for so many people globally. This study demonstrates that the often-overlooked Small Island Developing States are already subject to a disproportionate level of flood exposure, despite contributing the least to climate change."

Projections also showed that in future, even in the least-worst global warming scenario considered, the number of people affected by rising sea levels, storm surge and extreme rainfall events, including tropical cyclones, will significantly grow. For comparison, the scale of people likely to be affected dwarfs the level of flood exposure in developed nations such as the US and UK, where around 13% and 8% of the population are impacted respectively.

Leanne said: "The findings should be a call to action to support these nations in adapting to and mitigating against these extreme repercussions, even under the lowest emissions scenario, which put life and livelihoods in peril."

SIDS are group of island nations and territories, with smaller populations ranging from around 1000 to 7,000,000 people, identified by the United Nations (UN) as being especially exposed to the effects of climate change. Coastal flooding is a major driver of flood risk as the populations are often most concentrated along coastlines. But findings showed inland flooding is in fact a huge issue for SIDS, accounting for the vast majority of overall population exposure at 81%.




Leanne, who conducted the research for her PhD in flood risk, said: "Previous studies have only focused on coastal flooding, representing a significant underestimation of exposure. This is also the very first time a comprehensive picture of flood risk has been mapped across all 57 Small Island Developing States because the populations are so small, they haven't met the minimum catchment size of previous major global studies.

"The modelling provides striking evidence demonstrating that climate change has an unjust and unequitable impact on the places and people, who have contributed least to the greenhouse gas emissions, fuelling the problem."

Climate change is compounding the risk of flooding across SIDS by increasing the magnitude of many factors, including rainfall, river flow, extreme wave heights and water levels, storm surges, and sea level rise.

Even if global warming is limited to a 1.5 degrees Celsius increase by 2100, findings project more than a fifth (21%) of SIDS populations will be exposed to flooding. In a worst case scenario of more than 4 degrees Celsius warming this figure could rise to nearly a quarter (23%), according to the study. A UN report last month warned the world faces as much as 3.1 degrees Celsius warming if governments do not take more action to reduce carbon emissions.

Irrespective of how much the world warms, countries anticipated to be at most risk remained the same in the projections, including Belize, Turks and Caicos Islands, and the Maldives.

The study, in partnership with the University of Southampton, used water risk intelligence firm Fathom's Global Flood Map; a high-resolution global hydrodynamic flood model combined with worldwide population datasets.

Co-author Paul Bates, Professor of Hydrology at the University of Bristol and Co-founder of Fathom, said: "This study fills an important gap in research, including direct measures of flood hazard and exposure which are essential to adequately reduce loss and damage from flooding in the Small Island Developing States.

"The results are a timely warning to the world's political leaders and policy makers that global commitments to significantly reduce carbon emissions must be backed up by action, in order to reduce potential loss and damage from flooding in Small Island Developing States, which contribute least to harmful carbon emissions."

Finding bold answers to big questions concerning global challenges is at the heart of the University of Bristol's research. This study cuts across core themes, including net zero and climate change and social justice, and the Cabot Institute has a strong focus on tackling pressing environmental change, natural hazards and disaster risk.
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Do no harm: Researchers help doctors identify words they should never say to patients | ScienceDaily
Seriously ill patients and family members face intense emotional suffering, and researchers, including a Texas A&M University professor, say clinicians must engage in "compassionate communication" as part of the treatment process. They have identified so-called "never words" that should not be said under any circumstances; offer methods for clinicians to identify their own never words; and provide more helpful language to use instead.


						
In a recent paper published in Mayo Clinic Proceedings, Texas A&M University Distinguished Professor of Marketing at Mays Business School Dr. Leonard Berry and co-authors from Henry Ford Health in Detroit assert that in spite of rapid progress in the treatment of serious illnesses such as cancer, advanced heart failure and end-stage pulmonary disease, certain "timeless" aspects of the patient experience remain, like fear.

"Communicating the nature, purpose and intended duration of often complex treatments, and setting realistic expectations about what they offer still comes up against timeless patient experiences: fear, intense emotions, lack of medical expertise, and the sometimes unrealistic hope for cure," they write. The "intense, daunting nature of these conversations" may cause clinicians to resort to learned communication habits or declarative statements.

Even a single word may scare patients and families, make them feel disempowered, and possibly negate the effectiveness of shared decision making.

"Because seriously ill patients and their families are understandably frightened, they 'hang' on every word their doctor will say," notes Berry, a senior fellow at the Institute for Healthcare Improvement. "Serious illness is not only a matter of physical suffering, but also emotional suffering. The doctor's behavior, including their verbal and nonverbal communication, can exacerbate or reduce emotional suffering."

Berry said all too often, doctors use insensitive language in communicating critical information, and commonly do so without realizing the needless alarm or offense they have inflicted.

Never Words

Patients and families need to feel "psychologically safe" in communicating with health care professionals, Berry said, including in expressing concern about the proposed treatment plan or in conveying their fears. The researchers say if doctors respond using "never words," they may undermine patients' and families' confidence to speak freely.




"Never-words are conversation stoppers," the researchers write. "They seize power from the very patients whose own voices are essential to making optimal decisions about their medical care."

Utilizing clinician surveys, the researchers identified never words, including:
    	"There is nothing else we can do."
    	"She will not get better."
    	"Withdrawing care."
    	"Circling the drain."
    	"Do you want us to do everything?"
    	"Fight" or "battle."
    	"I don't know why you waited so long to come in."
    	"What were your other doctors doing/thinking?"

In another study specific to cancer care, clinicians were asked for words or phrases they would never use with a patient, with the top results including:
    	"Let's not worry about that now."
    	"You are lucky it's only stage 2."
    	"You failed chemo."

'"Let's not worry about that now' is not only a non-answer to a patient's legitimate concern, it's dismissive," the researchers said. Pointing out that cancer is in an early stage is "presumptive, assuming the patient should feel gratitude, without allowing room for the patient's anxiety and fear in having cancer." And, Berry said, patients do not fail chemo; chemo fails patients.

What Doctors Should Say Instead

Health care professionals can start a dialogue by inviting honest, thoughtful inquiries and responses from patients and families. "They should learn to recognize words and phrases that unintentionally frighten, offend, or diminish agency and work to reimagine their own communication," the researchers stated.




Berry says such an opportunity can arise when doctors encourage patients to speak up. "Something as simple as, 'What questions do you have for me?' rather than, 'Do you have any questions?' invites candid conversation," he said.

As for the never words, the researchers recommend alternative language, as well as the rationale, for each. For example, instead of, "She will not get better," the doctor could say, "I'm worried she won't get better." The rationale being the provider will replace a firm negative prediction with an expression of concern.

Using words like "fight" and "battle" may imply that sheer will can overcome illness and patients may feel as if they're letting loved ones down by not fighting hard enough. Instead, doctors could say, "We will face this difficult disease together" to make it clear patients have a team behind them.

Spreading Awareness

Medical groups and educators can bring attention to never words in multiple ways, the researchers said, including by integrating the discussion into courses and professional development.

"The emphasis in medical school is understandably on the science of medicine, but it is so important to incorporate communications training into the curriculum," Berry said. "A key opportunity is medical school students and graduates having superb patient-centered, skilled communicators as role models in their clinical training during medical school and residency."

Mentorships are also invaluable as more experienced doctors can share communication techniques that they've found to be successful and which to avoid. The study notes, "Mentors can not only disclose harmful phrases that they personally have abandoned and replaced by more generative phrases but may also model walking back language that lands poorly...Such mentorship facilitates progress in how future generations of clinicians interact with patients and stimulates open dialogue about the added suffering and disempowerment that poor, unmindful communication can cause."

Collaborators on the study are Dr. Rana Lee Adawi Awdish, critical care physician and medical director of care experience, Henry Ford Health; and Dr. Gillian Grafton, advanced heart failure and transplant cardiologist, Cardiac Intensive Care Unit, Henry Ford Health.
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Study links liver-brain communication to daily eating patterns | ScienceDaily
People who work the nightshift or odd hours and eat at irregular times are more prone to weight gain and diabetes, likely due to eating patterns not timed with natural daylight and when people typically eat. But is it possible to stave off the ill effects of eating at these "unusual" times despite it not being biologically preferable? A new study from the Perelman School of Medicine at the University of Pennsylvania says 'yes', and sheds light on how the body knows when to eat. The study, published in Science, explains how researchers discovered a connection between the liver's internal clock and feeding centers in the brain.


						
The team's research showed that the liver sends signals to the brain via the vagus nerve, letting the brain know if eating is happening at a time that follows the body's circadian rhythm. These signals can get disrupted from working unusual hours. The brain then overcompensates, leading to overeating at the wrong times. "Both mice and humans normally eat at times when they are awake and alert, and this circuit provides feedback from the liver to the central clock in the brain that keeps the system running smoothly," said the study's senior author, Mitchell Lazar, MD, PhD, the director of Penn Medicine's Institute for Diabetes, Obesity, and Metabolism, and the Ware Professor of Diabetes and Metabolic Diseases. "This feedback is through a nerve connection from the liver to the brain."

Researchers specifically targeted genes called REV-ERBs in the liver cells of mice. REV-ERBs are important proteins that help regulate the body's circadian rhythm. The body's circadian rhythm is an internal 24-hour cycle that regulates various activities including sleep-wake cycles, hormone release, and eating habits. When these REV-ERB genes were turned off in mice -- making the liver have a faulty clock -- eating patterns shifted dramatically, with more food consumed during less active times.

The effects were reversible. Cutting the nerve connection in obese mice restored normal eating patterns and reduced food intake. "This suggests that targeting this liver-brain communication pathway could be a promising approach for weight management in individuals with disrupted circadian rhythms," said Lauren N. Woodie, PhD, a post-doctoral researcher in Lazar's lab.

The research team suggests that targeting specific parts of the vagus nerve could help people who work night shifts or experience jet lag by addressing overeating caused by disrupted body clocks. "These findings open the door to future therapies that can target specific neural pathways to help those struggling with metabolic disorders caused by irregular eating schedules. Future research should focus on what kind of chemical signals the liver sends to the vagus nerve, to help us understand how the liver affects the brain and the body through this communication."

The study was funded by the National Institutes of Diabetes, Digestive Diseases, and Metabolism, the JPB Foundation, and the Cox Medical Research Institute.
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New study traces impact of COVID-19 pandemic on global movement and evolution of seasonal flu | ScienceDaily
Seasonal influenza epidemics impose substantial burdens on healthcare systems and cause more than 5 million hospitalizations of adults each year. The current approach to influenza vaccine development requires comprehensive surveillance of circulating strains, which are constantly moving from continent to continent. The reduction in global human mobility during the COVID-19 pandemic provided a unique opportunity to evaluate how seasonal influenza is impacted during pandemics.


						
In this new study, an international team of researchers, including from the University of Oxford, Fudan University, and KU Leuven, combined data on the spread of seasonal influenza, its genetic makeup, and international travel patterns to study how seasonal flu viruses moved and evolved. This approach helped to estimate how long the viruses remained in certain regions during periods of high and low volumes of international travel and how their genetic diversity changed before, during, and after the COVID-19 pandemic.

During the COVID-19 pandemic, seasonal influenza levels dropped worldwide due to COVID-19 pandemic-related restrictions on population movement and mixing. However, the subsequent rapid bounce back of influenza once air travel returned to pre-pandemic levels showed that the virus was in most cases maintained during the pandemic with continued viral movements and accumulation of genetic diversity.

Lead author of the study Zhiyuan Chen (University of Oxford and Fudan University) says: "It was remarkable how quickly seasonal flu re-established to a pre-pandemic equilibrium just a few years after the height of the COVID-19 pandemic."

Tropical climates, like those found across South and East Asia, allow for continued flu transmission year-round, thereby creating a broader range of flu strains and increasing overall viral diversity. The increased capacity for virus genomic surveillance during the COVID-19 pandemic has provided more detail on the role of other regions, such as Africa and West Asia, in the global circulation of influenza. These regions also showed evidence of sustained transmission and during the pandemic had relatively less restrictions on movement, in part due to lower levels of COVID-19 transmission.

Co-author Professor Moritz Kraemer (Department of Biology and Pandemic Sciences Institute, University of Oxford) says: "Increased genomic surveillance capacity established during the COVID-19 pandemic means that we are finally getting a deeper insight into the global distribution patterns of seasonal flu and other respiratory viruses. These novel and large openly accessible datasets provide an opportunity to learn about the intricate relationships of climate, co-circulating viruses, and human behaviour."

Further, with this increased global capacity for surveillance of viruses it might be possible to better monitor seasonal influenza to reduce the risk of vaccine mismatches, help inform more effective interventions, and reduce the burden of seasonal influenza on our healthcare systems. This is especially relevant as more regions become suitable for year-round circulation of influenza with changes in climatic conditions.

Co-author Professor Hongjie Yu from Fudan University says: "Further efforts should still focus on the continuing surveillance of seasonal influenza viruses and other respiratory pathogens, particularly resource-limited regions. The established surveillance systems for seasonal respiratory pathogens could also play an extremely vital role when the next pandemic emerges in the future."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Meteorite contains evidence of liquid water on Mars 742 million years ago
        An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite. During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists hav...

      

      
        Gas-churning monster black holes
        Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.

      

      
        On the origin of life: How the first cell membranes came to exist
        Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms? New research has uncovered a plausible explanation involving the reaction between two simple molecules.

      

      
        Anti-fatberg invention could help unclog city sewers
        Engineers have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.

      

      
        Robot identifies plants by 'touching' their leaves
        Researchers have developed a robot that identifies different plant species at various stages of growth by 'touching' their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.

      

      
        Bird brain from the age of dinosaurs reveals roots of avian intelligence
        A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.

      

      
        Three galactic 'red monsters' in the early Universe
        Astronomers have identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging exist...

      

      
        Young coral use metabolic tricks to resist bleaching
        Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a new study.

      

      
        A formula for life? New model calculates chances of intelligent beings in our Universe and beyond
        The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation. This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilizations in our Milky Way galaxy. More than 60 years on, astrophysicists have produced a different model which instead focuses on the conditions created by the a...

      

      
        Synthetic cells emulate natural cellular communication
        A research team has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these proto-cells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.

      

      
        Giving robots superhuman vision using radio signals
        Researchers have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

      

      
        Breakthrough in photonic time crystals could change how we use and control light
        An international research team has for the first time designed realistic photonic time crystals ---- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.

      

      
        Astronomers' theory of how galaxies formed may be upended
        The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.

      

      
        First amber find on the Antarctic continent
        Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. Researchers have now made the southernmost discovery of amber in the world.

      

      
        Remarkable new swimming sea slug in the deep sea
        Researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Nicknamed the 'mystery mollusc,' the nudibranch Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence.

      

      
        A new wrinkle in turtles: Their genomes fold in a unique way, researchers find
        A study described the three-dimensional architecture of turtle genomes, which fold in a configuration unlike any other animal observed so far.

      

      
        A milestone in the study of octopus arms
        Research describes a computational model that captures the intricate muscular architecture of an octopus arm.

      

      
        Swirling polar vortices likely exist on the Sun
        Like the Earth, the Sun likely has swirling polar vortices, according to new research. But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.

      

      
        Was 'Snowball Earth' a global event? Study delivers best proof yet
        A series of rocks hiding around Colorado's Rocky Mountains may hold clues to a frigid period in Earth's past when glaciers several miles thick covered the entire planet.

      

      
        Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data
        The discovery, centred around controlling tiny hurricanes of light and electromagnetic fields, could revolutionise how much information we can deliver over cables.

      

      
        The Shellowship of the Ring: Two new snail species named after Tolkien characters
        Researchers have named two newly discovered freshwater snail species from Brazil after characters from The Lord of the Rings.

      

      
        Robot that watched surgery videos performs with skill of human doctor, researchers report
        A robot, trained for the first time by watching videos of seasoned surgeons, executed the same surgical procedures as skillfully as the human doctors, say researchers.

      

      
        Secret behind the corpse flower's famous stench
        A new study on titan arum -- commonly known as the corpse flower for its smell like rotting flesh -- uncovers fundamental genetic pathways and biological mechanisms that produce heat and odorous chemicals when the plant blooms. The study provides insight into the flower's ability to warm up just before blooming through a process known as thermogenesis, an uncommon trait in plants that is not well understood. The researchers also identify a new component of the corpse flower's odor, an organic che...

      

      
        Study of mountaineering mice sheds light on evolutionary adaptation
        Highland deer mice and their lowland cousins ventured on a simulated seven-week ascent to 6,000 meters. By tracking how the mice responded to cold stress and progressively lower oxygen levels, the study tested whether deer mice have a generalized ability to acclimatize or whether some mice have evolved adaptations to local conditions. The highland mice were better able to regulate their body temperature, an indication that mice living at higher altitudes have evolved distinct ways to acclimatize ...

      

      
        Measurements from 'lost' Seaglider offer new insights into Antarctic ice melting
        New research reveals for the first time how a major Antarctic ice shelf has been subjected to increased melting by warming ocean waters over the last four decades. Scientists say the study -- the result of their autonomous Seaglider getting accidentally stuck underneath the Ross Ice Shelf -- suggests this will likely only increase further as climate change drives continued ocean warming.

      

      
        SARS-CoV-2 'steals' our proteins to protect itself from the immune system
        Researchers have discovered that SARS-CoV-2 hijacks three important host proteins that dampen the activity of the complement system, a key component of early antiviral immunity. This significantly impairs viral clearance which may affect the course of both acute COVID-19 infections and post-COVID-19 sequelae.

      

      
        New insights into the Denisovans: New hominin group that interbred with modern day humans
        Scientists believe individuals of the most recently discovered 'hominin' group (the Denisovans) that interbred with modern day humans passed on some of their genes via multiple, distinct interbreeding events that helped shape early human history. Scientists outline evidence suggesting that several Denisovan populations, who likely had an extensive geographical range from Siberia to Southeast Asia and from Oceania to South America, were adapted to distinct environments. They further outline a numb...

      

      
        Scarlet Macaw parents 'play favorites,' purposefully neglect younger chicks
        Researchers have discovered that scarlet macaws purposefully neglect feeding the youngest chicks in most broods, even when resources are plentiful. This results in only one or two chicks being able to fledge -- the process in which parents teach their young to fly and survive on their own -- even though broods may contain up to four chicks.

      

      
        Elephant turns a hose into a sophisticated showering tool
        Tool use isn't unique to humans. Chimpanzees use sticks as tools. Dolphins, crows, and elephants are known for their tool-use abilities, too. Now a report highlights elephants' remarkable skill in using a hose as a flexible shower head. As an unexpected bonus, researchers say they also have evidence that a fellow elephant knows how to turn the water off, perhaps as a kind of 'prank.'

      

      
        Chimpanzees perform better on challenging computer tasks when they have an audience
        When people have an audience watching them, it can change their performance for better or worse. Now, researchers have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this 'audience effect' predates the development of reputation-based human societies, the researchers say.

      

      
        Insect-killing fungi find unexpected harmony in war
        A new study reveals that two strains of pathogenic fungi unexpectedly divide insect victims amongst themselves rather than aggressively compete for resources.

      

      
        Memories are not only in the brain, new research finds
        It's common knowledge that our brains -- and, specifically, our brain cells -- store memories. But a team of scientists has discovered that cells from other parts of the body also perform a memory function, opening new pathways for understanding how memory works and creating the potential to enhance learning and to treat memory-related afflictions.

      

      
        Scientists trained AI to detect faces in pain, in goats
        An AI model could accurately identify goats in pain, opening up better treatment opportunities for animals and non-verbal patients.

      

      
        Robot learns how to clean a washbasin
        Scientists have created a robot that can learn tasks like cleaning a washbasin just by watching humans. A special sponge with sensors is used to show the robot how to clean. Using an advanced machine learning system, the robot learns how it is supposed to behave and can apply this knowledge to cleaning different washbasins.

      

      
        DNA evidence rewrites story of people buried in Pompeii eruption
        Researchers have used ancient DNA to challenge long-held interpretations of the people of Pompeii. Contrary to physical appearances, the DNA evidence revealed unexpected variations in gender and kinship, revising the story as written since 1748. The genetic data also underlined the cosmopolitan nature of the Roman Empire, showing that Pompeians were mainly descended from immigrants from the eastern Mediterranean.

      

      
        Astrophysicists use echoes of light to illuminate black holes
        Researchers have developed an innovative technique to search for black hole light echoes. Their novel method, which will make it easier for the mass and the spin of black holes to be measured, represents a major step forward, since it operates independently of many of the other ways in which scientists have probed these parameters in the past.
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Meteorite contains evidence of liquid water on Mars 742 million years ago | ScienceDaily
An asteroid struck Mars 11 million years ago and sent pieces of the red planet hurtling through space. One of these chunks of Mars eventually crashed into the Earth somewhere near Purdue and is one of the few meteorites that can be traced directly to Mars. This meteorite was rediscovered in a drawer at Purdue University in 1931 and therefore named the Lafayette Meteorite.


						
During early investigations of the Lafayette Meteorite, scientists discovered that it had interacted with liquid water while on Mars. Scientists have long wondered when that interaction with liquid water took place. An international collaboration of scientists including two from Purdue University's College of Science have recently determined the age of the minerals in the Lafayette Meteorite that formed when there was liquid water. The team has published its findings in Geochemical Perspective Letters.

Marissa Tremblay, assistant professor with the Department of Earth, Atmospheric, and Planetary Sciences (EAPS) at Purdue University, is the lead author of this publication. She uses noble gases like helium, neon and argon, to study the physical and chemical processes shaping the surfaces of Earth and other planets. She explains that some meteorites from Mars contain minerals that formed through interaction with liquid water while still on Mars.

"Dating these minerals can therefore tell us when there was liquid water at or near the surface of Mars in the planet's geologic past," she says. "We dated these minerals in the Martian meteorite Lafayette and found that they formed 742 million years ago. We do not think there was abundant liquid water on the surface of Mars at this time. Instead, we think the water came from the melting of nearby subsurface ice called permafrost, and that the permafrost melting was caused by magmatic activity that still occurs periodically on Mars to the present day."

In this publication, her team demonstrated that the age obtained for the timing of water-rock interaction on Mars was robust and that the chronometer used was not affected by things that happened to Lafayette after it was altered in the presence of water.

"The age could have been affected by the impact that ejected the Lafayette Meteorite from Mars, the heating Lafayette experienced during the 11 million years it was floating out in space, or the heating Lafayette experienced when it fell to Earth and burned up a little bit in Earth's atmosphere," she says. "But we were able to demonstrate that none of these things affected the age of aqueous alteration in Lafayette."

Ryan Ickert, senior research scientist with Purdue EAPS, is a co-author of the paper. He uses heavy radioactive and stable isotopes to study the timescales of geological processes. He demonstrated that other isotope data (previously used to estimate the timing of water-rock interaction on Mars) were problematic and had likely been affected by other processes.




"This meteorite uniquely has evidence that it has reacted with water. The exact date of this was controversial, and our publication dates when water was present," he says.

Found in a drawer

Thanks to research, quite a bit is known about the Lafayette Meteorite's origin story. It was ejected from the surface of Mars about 11 million years ago by an impact event.

"We know this because once it was ejected from Mars, the meteorite experienced bombardment by cosmic ray particles in outer space, that caused certain isotopes to be produced in Lafayette," Tremblay says. "Many meteoroids are produced by impacts on Mars and other planetary bodies, but only a handful will eventually fall to Earth."

But once Lafayette hit Earth, the story gets a little muddy. It is known for certain that the meteorite was found in a drawer at Purdue University in 1931. But how it got there is still a mystery. Tremblay and others made strides in explaining the history of the post-Earth timeline in a recent publication.

"We used organic contaminants from Earth found on Lafayette (specifically, crop diseases) that were particularly prevalent in certain years to narrow down when it might have fallen, and whether the meteorite fall may have been witnessed by someone," Tremblay says.




Meteorites: time capsules of the universe

Meteorites are solid time capsules from planets and celestial bodies from our universe. They carry with them bits of data that can be unlocked by geochronologists. They set themselves apart from rocks that may be found on Earth by a crust that forms from its descent through our atmosphere and often form a fiery entrance visible in the night's sky.

"We can identify meteorites by studying what minerals are present in them and the relationships between these minerals inside the meteorite," says Tremblay. "Meteorites are often denser than Earth rocks, contain metal, and are magnetic. We can also look for things like a fusion crust that forms during entry into Earth's atmosphere. Finally, we can use the chemistry of meteorites (specifically their oxygen isotope composition) to fingerprint which planetary body they came from or which type of meteorite it belongs to."

An international collab

The team involved with this publication included an international collaboration of scientists. The team also includes Darren F. Mark, Dan N. Barfod, Benjamin E. Cohen, Martin R. Lee, Tim Tomkinson and Caroline L. Smith representing the Scottish Universities Environmental Research Centre (SUERC), the Department of Earth and Environmental Science at the University of St Andrews, the School of Geographical and Earth Sciences at the University of Glasgow, the School of Earth Sciences at the University of Bristol, and the Science Group at The Natural History Museum in London.

"Before moving to Purdue, Ryan and I were both based at the Scottish Universities Environmental Research Centre, where the argon-argon isotopic analyses of the alteration minerals in Lafayette took place" Tremblay says. "Our collaborators at SUERC, the University of Glasgow, and the Natural History Museum have previously done a lot of work studying the history of Lafayette."

Dating the alteration minerals in Lafayette and, more generally, in this class of meteorites from Mars called nakhlites, has been a long-term objective in planetary science because scientists know that the alteration happened in the presence of liquid water on Mars. However, these materials are especially difficult to date, and previous attempts at dating them had either been very uncertain and/or likely affected by processes other than aqueous alteration.

"We have demonstrated a robust way to date alteration minerals in meteorites that can be applied to other meteorites and planetary bodies to understand when liquid water might have been present," Tremblay says.

Because of the Stahura Undergraduate Meteorite Fund, Tremblay and Ickert will be able to continue studying the geochemistry and histories of meteorites and undergraduates at Purdue EAPS will be able to assist in this research.
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Gas-churning monster black holes | ScienceDaily
Scientists using observations from NASA's Neil Gehrels Swift Observatory have discovered, for the first time, the signal from a pair of monster black holes disrupting a cloud of gas in the center of a galaxy.


						
"It's a very weird event, called AT 2021hdr, that keeps recurring every few months," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Institute of Astrophysics, the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, and University of Valparaiso in Chile. "We think that a gas cloud engulfed the black holes. As they orbit each other, the black holes interact with the cloud, perturbing and consuming its gas. This produces an oscillating pattern in the light from the system."

A paper about AT 2021hdr, led by Hernandez-Garcia, was published Nov. 13 in the journal Astronomy and Astrophysics.

The dual black holes are in the center of a galaxy called 2MASX J21240027+3409114, located 1 billion light-years away in the northern constellation Cygnus. The pair are about 16 billion miles (26 billion kilometers) apart, close enough that light only takes a day to travel between them. Together they contain 40 million times the Sun's mass.

Scientists estimate the black holes complete an orbit every 130 days and will collide and merge in approximately 70,000 years.

AT 2021hdr was first spotted in March 2021 by the Caltech-led ZTF (Zwicky Transient Facility) at the Palomar Observatory in California. It was flagged as a potentially interesting source by ALeRCE (Automatic Learning for the Rapid Classification of Events). This multidisciplinary team combines artificial intelligence tools with human expertise to report events in the night sky to the astronomical community using the mountains of data collected by survey programs like ZTF.

"Although this flare was originally thought to be a supernova, outbursts in 2022 made us think of other explanations," said co-author Alejandra Munoz-Arancibia, an ALeRCE team member and astrophysicist at the Millennium Institute of Astrophysics and the Center for Mathematical Modeling at the University of Chile. "Each subsequent event has helped us refine our model of what's going on in the system."

Since the first flare, ZTF has detected outbursts from AT 2021hdr every 60 to 90 days.




Hernandez-Garcia and her team have been observing the source with Swift since November 2022. Swift helped them determine that the binary produces oscillations in ultraviolet and X-ray light on the same time scales as ZTF sees them in the visible range.

The researchers conducted a Goldilocks-type elimination of different models to explain what they saw in the data.

Initially, they thought the signal could be the byproduct of normal activity in the galactic center. Then they considered whether a tidal disruption event -- the destruction of a star that wandered too close to one of the black holes -- could be the cause.

Finally, they settled on another possibility, the tidal disruption of a gas cloud, one that was bigger than the binary itself. When the cloud encountered the black holes, gravity ripped it apart, forming filaments around the pair, and friction started to heat it. The gas got particularly dense and hot close to the black holes. As the binary orbits, the complex interplay of forces ejects some of the gas from the system on each rotation. These interactions produce the fluctuating light Swift and ZTF observe.

Hernandez-Garcia and her team plan to continue observations of AT 2021hdr to better understand the system and improve their models. They're also interested in studying its home galaxy, which is currently merging with another one nearby -- an event first reported in their paper.

"As Swift approaches its 20th anniversary, it's incredible to see all the new science it's still helping the community accomplish," said S. Bradley Cenko, Swift's principal investigator at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "There's still so much it has left to teach us about our ever-changing cosmos."
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On the origin of life: How the first cell membranes came to exist | ScienceDaily
Few questions have captivated humankind more than the origin of life on Earth. How did the first living cells come to exist? How did these early protocells develop the structural membranes necessary for cells to thrive and assemble into complex organisms?


						
New research from the lab of University of California San Diego Professor of Chemistry and Biochemistry Neal Devaraj has uncovered a plausible explanation involving the reaction between two simple molecules. This work appears in Nature Chemistry.

Life on Earth requires lipid membranes -- the structure of a cell that houses its interior mechanics and acts as a scaffold for many biological reactions. Lipids are made from long chains of fatty acids, but before the existence of complex life, how did these first cell membranes form from the simple molecules present on Earth billions of years ago?

Scientists believe that simple molecules of short fatty chains of fewer than 10 carbon-carbon bonds (complex fatty chains can have nearly twice that many bonds) were abundant on early Earth. However, molecules with longer chain lengths are necessary to form vesicles, the compartments that house a cell's complicated machinery.

While it may have been possible for some simple fatty molecules to form lipid compartments on their own, the molecules would be needed in very high concentrations that likely did not exist on a prebiotic Earth -- a time when conditions on Earth may have been hospitable to life but none yet existed.

"On the surface, it may not seem novel because lipid production happens in the presence of enzymes all the time," stated Devaraj, who is also the Murray Goodman Endowed Chair in Chemistry and Biochemistry. "But over four billion years ago, there were no enzymes. Yet somehow these first protocell structures were formed. How? That's the question we were trying to answer."

To uncover an explanation for these first lipid membranes, Devaraj's team started with two simple molecules: an amino acid named cysteine and a short-chain choline thioester, similar to molecules involved in the biochemical formation and degradation of fatty acids.




The researchers used silica glass as a mineral catalyst because the negatively charged silica was attracted to the positively charged thioester. On the silica surface, the cysteine and thioesters spontaneously reacted to form lipids, generating protocell-like membrane vesicles stable enough to sustain biochemical reactions. This happened at lower concentrations than what would be needed in the absence of a catalyst.

"Part of the work we're doing is trying to understand how life can emerge in the absence of life. How did that matter-to-life transition initially occur?" said Devaraj. "Here we have provided one possible explanation of what could have happened."

Full list of authors: Christy J. Cho, Taeyang An, Alessandro Fracassi, Roberto J. Brea and Neal K. Devaraj (all UC San Diego); Yei-Chen Lai, Alberto Vazquez-Salazar and Irene A. Chen (all UCLA).

This research was supported, in part, by National Science Foundation (EF-1935372) and the National Institutes of Health (R35-GM141939).
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Anti-fatberg invention could help unclog city sewers | ScienceDaily
Engineers from RMIT University have invented a protective coating for concrete pipes that could help drastically reduce the formation of fatbergs in sewers.


						
Fat, oil and grease (known as FOG) -- infamous for solidifying inside pipes and concrete sewers -- causes half of all sewer blockages in the United States and 40% in Australia. The cost of these blockages in terms of maintenance and rehabilitation is estimated at US$25 billion in the US and A$100 million in Australia per year.

It is the mixture of fat, oil and grease with calcium and water in sewers that often leads to the formation of fatbergs. But the team's zinc-enhanced polyurethane coating offers a promising sustainable solution by reducing the release of calcium from concrete blocks by up to 80% compared with uncoated concrete.

The study led by Dr Biplob Pramanik mimicked a sewer environment under extreme conditions that rapidly sped up the fatberg formation process over 30 days.

It showed the coating reduced build-up of FOG on concrete by 30% compared to non-coated concrete.

"The reduction of fat, oil and grease build-up can be attributed to the significantly reduced release of calcium from coated concrete, as well as less sticking of FOG on the coating surface compared to the rough, uncoated concrete surface," said Pramanik, Director of Water: Effective Technologies and Tools (WETT) Research Centre at RMIT.

"Traditional coatings like magnesium hydroxide, widely used for over two decades, are effective in controlling sewer corrosion but can inadvertently contribute to FOG build-up by interacting with fatty acids."

The team's invention is stable in water and withstands temperatures of up to 850 degrees Celsius. It is also self-healing at room temperature, meaning it can repair any damage to itself and extend its lifespan.




"We drew inspiration from the regenerative capabilities observed in nature, including human skin's ability to heal itself," Pramanik said.

Co-researcher Dr Sachin Yadav said the team examined the healing performance of the coatings by inflicting surface scratches with a blade.

"The creation of surface scratches on the self-healing polyurethane coating sample triggered the healing process," Yadav said.

"After the healing period, we observed a noticeable improvement in the surface scratches."

Next steps

The team is developing an improved coating to achieve a greater reduction of FOG deposition in sewers by enhancing its self-healing capabilities and mechanical strength.




Pramanik is also the Chief Investigator for a recently announced ARC Linkage Project that will develop an advanced grease interceptor for restaurants and other food service establishments to remove small FOG particles more effectively than current technologies.

His team at RMIT is partnering with South East Water, VicWater, Water Research Australia, Barwon Region Water Corporation, Queensland Urban Utilities and water technology company ACO on the ARC Linkage Project.

"Novel hybrid coating material with triple distinct healing bond for fat oil and grease deposition control in the sewer system" is published in the Chemical Engineering Journal.
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Robot identifies plants by 'touching' their leaves | ScienceDaily
Researchers in China have developed a robot that identifies different plant species at various stages of growth by "touching" their leaves with an electrode. The robot can measure properties such as surface texture and water content that cannot be determined using existing visual approaches, according to the study, published November 13 in the journal Device. The robot identified ten different plant species with an average accuracy of 97.7% and identified leaves of the flowering bauhinia plant with 100% accuracy at various growth stages.


						
Eventually, large-scale farmers and agricultural researchers could use the robot to monitor the health and growth of crops and to make tailored decisions about how much water and fertilizer to give their plants and how to approach pest control, says Zhongqian Song, an associate professor at the Shandong First Medical University & Shandong Academy of Medical Sciences and an author of the study.

"It could revolutionize crop management and ecosystem studies and enable early disease detection, which is crucial for plant health and food security," he says.

Rather than making physical contact with a plant, existing devices capture more limited information using visual approaches, which are vulnerable to factors such as lighting conditions, changes in the weather, or background interference.

To overcome these limitations, Song and colleagues developed a robot that "touches" plants using a mechanism inspired by human skin, with structures working together in a hierarchical way to gain information through touch. When an electrode in the robot makes contact with a leaf, the device learns about the plant by measuring several properties: the amount of charge that can be stored at a given voltage, how difficult it is for electrical current to move through the leaf, and contact force as the robot grips the leaf.

Next, this data is processed using machine learning in order to classify the plant, since different values for each measure correlate with different plant species and stages of growth.

While the robot shows "vast and unexpected" potential applications in fields ranging from precision agriculture to ecological studies to plant disease detection, it has several weaknesses that have yet to be addressed, says Song. For example, the device is not yet versatile enough to consistently identify types of plants with complicated structures, such as burrs and needle-like leaves. This could be remedied by improving the design of the robot's electrode, he says.

"It may take a relatively long period of time to reach large-scale production and deployment depending on technological and market developments," says Song.

As a next step the researchers plan to expand how many plants the robot can recognize by collecting data from a wider variety of species, boosting the plant species database they use to train algorithms. The researchers also hope to further integrate the device's sensor so that it can display results in real time, even without an external power source, says Song.
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Bird brain from the age of dinosaurs reveals roots of avian intelligence | ScienceDaily
A 'one of a kind' fossil discovery could transform our understanding of how the unique brains and intelligence of modern birds evolved, one of the most enduring mysteries of vertebrate evolution.


						
Researchers have identified a remarkably well-preserved fossil bird, roughly the size of a starling, from the Mesozoic Era. The complete skull has been preserved almost intact: a rarity for any fossil bird, but particularly for one so ancient, making this one of the most significant finds of its kind.

The extraordinary three-dimensional preservation of the skull allowed the researchers, led by the University of Cambridge and the Natural History Museum of Los Angeles County, to digitally reconstruct the brain of the bird, which they have named Navaornis hestiae. Navaornis lived approximately 80 million years ago in what is now Brazil, before the mass extinction event that killed all non-avian dinosaurs.

The researchers say their discovery, reported in the journal Nature, could be a sort of 'Rosetta Stone' for determining the evolutionary origins of the modern avian brain. The fossil fills a 70-million-year gap in our understanding of how the brains of birds evolved: between the 150-million-year-old Archaeopteryx, the earliest known bird-like dinosaur, and birds living today.

Navaornis had a larger cerebrum than Archaeopteryx, suggesting it had more advanced cognitive capabilities than the earliest bird-like dinosaurs. However, most areas of its brain, like the cerebellum, were less developed, suggesting that it hadn't yet evolved the complex flight control mechanisms of modern birds.

"The brain structure of Navaornis is almost exactly intermediate between Archaeopteryx and modern birds -- it was one of these moments in which the missing piece fits absolutely perfectly," said co-lead author Dr Guillermo Navalon from Cambridge's Department of Earth Sciences.

Navaornis is named after William Nava, director of the Museu de Paleontologia de Marilia in Brazil's Sao Paolo State, who discovered the fossil in 2016 at a site in the neighbouring locality of Presidente Prudente. Tens of millions of years ago, this site was likely a dry area with slow-flowing creeks, which enabled the fossil's exquisite preservation. This preservation allowed the researchers to use advanced micro-CT scanning technology to reconstruct the bird's skull and brain in remarkable detail.




"This fossil is truly so one-of-a-kind that I was awestruck from the moment I first saw it to the moment I finished assembling all the skull bones and the brain, which lets us fully appreciate the anatomy of this early bird," said Navalon.

"Modern birds have some of the most advanced cognitive capabilities in the animal kingdom, comparable only with mammals," said Professor Daniel Field from Cambridge's Department of Earth Sciences, senior author of the research. "But scientists have struggled to understand how and when the unique brains and remarkable intelligence of birds evolved -- the field has been awaiting the discovery of a fossil exactly like this one."

Before this discovery, knowledge of the evolutionary transition between the brains of Archaeopteryx and modern birds was practically non-existent. "This represents nearly 70 million years of avian evolution in which all the major lineages of Mesozoic birds originated -- including the first representatives of the birds that live today," said Navalon. "Navaornis sits right in the middle of this 70-million-year gap and informs us about what happened between these two evolutionary points."

While the skull of Navaornis somewhat resembles that of a small pigeon at first glance, closer inspection reveals that it is not a modern bird at all but instead a member of a group of early birds named enantiornithines, or the 'opposite birds.'

'Opposite birds' diverged from modern birds more than 130 million years ago, but had complex feathers and were likely competent flyers like modern birds. However, the brain anatomy of Navaornis poses a new question: how did opposite birds control their flight without the full suite of brain features observed in living birds, including an expanded cerebellum, which is a living bird's spatial control centre?

"This fossil represents a species at the midpoint along the evolutionary journey of bird cognition," said Field, who is also the Strickland Curator of Ornithology at Cambridge's Museum of Zoology. "Its cognitive abilities may have given Navaornis an advantage when it came to finding food or shelter, and it may have been capable of elaborate mating displays or other complex social behaviour."

"This discovery shows that some of the birds flying over the heads of dinosaurs already had a fully modern skull geometry more than 80 million years ago," said co-lead author Dr Luis Chiappe from the Natural History Museum of Los Angeles County.




While Navaornis is one of the best-preserved bird fossils ever found from the Mesozoic Era, the researchers believe many more finds from the Brazilian site where it was found could offer further insights into bird evolution.

"This might be just one fossil, but it's a key piece in the puzzle of bird brain evolution," said Field. "With Navaornis, we've got a clearer view of the evolutionary changes that occurred between Archaeopteryx and today's intelligent, behaviourally complex birds like crows and parrots."

While the discovery is a significant breakthrough, the researchers say it is only the first step in understanding the evolution of bird intelligence. Future studies may reveal how Navaornis interacted with its environment, helping to answer broader questions about the evolution of bird cognition over time.

Navaornis is the most recent in a quartet of Mesozoic fossil birds described by Field's research group since 2018, joining Ichthyornis, Asteriornis (the 'Wonderchicken'), and Janavis. The group's work on new fossil discoveries combined with advanced visualisation and analytical techniques have revealed fundamental insights into the origins of birds, the most diverse group of living vertebrate animals.

The research was supported in part by UK Research and Innovation (UKRI). Daniel Field is a Fellow of Christ's College, Cambridge.
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Three galactic 'red monsters' in the early Universe | ScienceDaily
An international team led by the University of Geneva (UNIGE) has identified three ultra-massive galaxies -- nearly as massive as the Milky Way -- already in place within the first billion years after the Big Bang. This surprising discovery was made possible by the James Webb Space Telescope's FRESCO program, which uses the NIRCam/grism spectrograph to measure accurate distances and stellar masses of galaxies. The results indicate that the formation of stars in the early Universe was far more efficient than previously thought, challenging existing galaxy formation models. The study is published in Nature.


						
In the theoretical model favored by scientists, galaxies form gradually within large halos of dark matter. Dark matter halos capture gas (atoms and molecules) into gravitationally bound structures. Typically, only at most ~20% of this gas is converted into stars in galaxies. However, new findings by an international team led by UNIGE with NASA's James Webb Space Telescope (JWST) challenges this view. They reveal that massive galaxies in the early Universe may have been much more efficient in building stars than their later counterparts, growing much more rapidly than previously thought.

Discovery of "Red Monsters"

JWST's unparalleled capabilities have allowed astronomers to systematically study galaxies in the very distant and early Universe, providing insights into massive and dust-obscured galaxies. By analyzing galaxies in the FRESCO survey, scientists found that most sources fit existing models. However, they also found three surprisingly massive galaxies, with stellar masses comparable to today's Milky Way. These are forming stars nearly twice as efficiently as their lower-mass counterparts and galaxies at later times. Due to their high dust content, which gives them a distinct red appearance in JWST images, they have been named the three "Red Monsters."

''Our findings are reshaping our understanding of galaxy formation in the early Universe,'' says Dr. Mengyuan Xiao, lead author of the new study and postdoctoral researcher in the Department of Astronomy at UNIGE Faculty of Science. ''The massive properties of these 'Red Monsters' were hardly determined before JWST, as they are optically invisible due to dust attenuation," says Dr. David Elbaz, director of research at CEA Paris-Saclay.

A Milestone in Galaxy Observations

The international team has developed a new program with the JWST to systematically analyze a complete sample of emission-line galaxies within the first billion years of cosmic history. This approach enabled the team to achieve precise distance estimates and reliable stellar mass measurements for the full galaxy sample.




''Our findings highlight the remarkable power of NIRCam/grism spectroscopy," explains Pascal Oesch, associate professor in the Department of Astronomy at the UNIGE Faculty of Science, principal investigator of this observation programme. ''The instrument on board the space telescope allows us to identify and study the growth of galaxies over time, and to obtain a clearer picture of how stellar mass accumulates over the course of cosmic history.''

''Too many, too massive" galaxies in the early Universe

While these findings do not conflict with the standard cosmological model, they raise new questions for galaxy formation theories, specifically the issue of "too many, too massive" galaxies in the early Universe. Current models may need to consider unique processes that allowed certain early massive galaxies to achieve such efficient star formation and thus form very rapidly, very early in the Universe. Future observations with JWST and the Atacama Large Millimeter Array (ALMA) will provide further insights into these ultra-massive "Red Monsters" and reveal larger samples of such sources.

''These results indicate that galaxies in the early Universe could form stars with unexpected efficiency,'' Dr. Mengyuan Xiao concludes. ''As we study these galaxies in more depth, they will offer new insights into the conditions that shaped the Universe's earliest epochs. The 'Red Monsters' are just the beginning of a new era in our exploration of the early Universe.''
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Young coral use metabolic tricks to resist bleaching | ScienceDaily
Coral larvae reduce their metabolism and increase nitrogen uptake to resist bleaching in high temperatures, according to a study published November 12 in the open-access journal PLOS Biology by Ariana S. Huffmyer of the University of Washington, US, and colleagues.


						
High ocean temperatures cause coral bleaching, which results from the disruption of the relationship between corals and their symbiotic algae, an increasing concern as global temperatures rise. However, relatively little research has examined the effects of high temperatures during early life stages of corals.

In this study, Huffmyer and colleagues exposed coral larvae to high temperatures at the Hawai'i Institute of Marine Biology. For three days during their first week of development, the larvae and their algal symbionts were treated to temperatures 2.5 degrees Celsius above ambient temperature, similar to expected changes in seawater due to climate change. The coral larvae showed no signs of bleaching in the heated water, and they were able to maintain rates of algal photosynthesis and the supply of carbon-based nutrition from the algae to the host. However, there was a 19% reduction in coral metabolism, as well as increased uptake and storage of nitrogen by the coral, both of which are apparent strategies that improve coral survival.

Reduced metabolism allows the coral to conserve energy and resources, also seen in adult corals during bleaching. The change in nitrogen cycling seems to be an adaptation by the coral to limit the amount of nitrogen available to the algae, thus preventing algal overgrowth and the destabilization of the coral-algae relationship.

It remains unclear how effective these strategies are at higher temperatures and for longer durations. Further research into the details and limitations of coral reaction to high temperatures will provide crucial knowledge for predicting coral response and protecting coral reefs as global temperatures continue to rise.

The authors add, "This research reveals that coral larvae must invest in their nutritional partnership with algae to withstand stress, offering key insights into strategies to avoid bleaching in earliest life stages of corals."
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A formula for life? New model calculates chances of intelligent beings in our Universe and beyond | ScienceDaily
The chances of intelligent life emerging in our Universe -- and in any hypothetical ones beyond it -- can be estimated by a new theoretical model which has echoes of the famous Drake Equation.


						
This was the formula that American astronomer Dr Frank Drake came up with in the 1960s to calculate the number of detectable extraterrestrial civilisations in our Milky Way galaxy.

More than 60 years on, astrophysicists led by Durham University have produced a different model which instead focuses on the conditions created by the acceleration of the Universe's expansion and the amount of stars formed.

It is thought this expansion is being driven by a mysterious force called dark energy that makes up more than two thirds of the Universe.

What is the calculation?

Since stars are a precondition for the emergence of life as we know it, the model could therefore be used to estimate the probability of generating intelligent life in our Universe, and in a multiverse scenario of hypothetical different universes.

The new research does not attempt to calculate the absolute number of observers (i.e. intelligent life) in the universe but instead considers the relative probability of a randomly chosen observer inhabiting a universe with particular properties.




It concludes that a typical observer would expect to experience a substantially larger density of dark energy than is seen in our own Universe -- suggesting the ingredients it possesses make it a rare and unusual case in the multiverse.

The approach presented in the paper involves calculating the fraction of ordinary matter converted into stars over the entire history of the Universe, for different dark energy densities.

The model predicts this fraction would be approximately 27 per cent in a universe that is most efficient at forming stars, compared to 23 per cent in our own Universe.

This means we don't live in the hypothetical universe with the highest odds of forming intelligent life forms. Or in other words, the value of dark energy density we observe in our Universe is not the one that would maximise the chances of life, according to the model.

Dark energy's impact on our existence

Lead researcher Dr Daniele Sorini, of Durham University's Institute for Computational Cosmology, said: "Understanding dark energy and the impact on our Universe is one of the biggest challenges in cosmology and fundamental physics.




"The parameters that govern our Universe, including the density of dark energy, could explain our own existence.

"Surprisingly, though, we found that even a significantly higher dark energy density would still be compatible with life, suggesting we may not live in the most likely of universes."

The new model could allow scientists to understand the effects of differing densities of dark energy on the formation of structures in the Universe and the conditions for life to develop in the cosmos.

Dark energy makes the Universe expand faster, balancing gravity's pull and creating a universe where both expansion and structure formation are possible.

However, for life to develop, there would need to be regions where matter can clump together to form stars and planets, and it would need to remain stable for billions of years to allow life to evolve.

Crucially, the research suggests that the astrophysics of star formation and the evolution of the large-scale structure of the Universe combine in a subtle way to determine the optimal value of the dark energy density needed for the generation of intelligent life.

Professor Lucas Lombriser, Universite de Geneve and co-author of the study, added: "It will be exciting to employ the model to explore the emergence of life across different universes and see whether some fundamental questions we ask ourselves about our own Universe must be reinterpreted."

Drake Equation explained

Dr Drake's equation was more of a guide for scientists on how to go about searching for life, rather than an estimating tool or serious attempt to determine an accurate result.

Its parameters included the rate of yearly star formation in the Milky Way, the fraction of stars with planets orbiting them and the number of worlds that could potentially support life.

By comparison, the new model connects the rate of yearly star formation in the Universe with its fundamental ingredients, such as the aforementioned dark energy density.

The study was funded by the European Research Council and also involved scientists at the University of Edinburgh and the Universite de Geneve.
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Synthetic cells emulate natural cellular communication | ScienceDaily
A research team from the University of Basel has succeeded in synthesizing simple, environmentally sensitive cells complete with artificial organelles. For the first time, the researchers have also been able to emulate natural cell-cell communication using these protocells -- based on the model of photoreceptors in the eye. This opens up new possibilities for basic research and applications in medicine.


						
Life is all about communication: from bacteria to multicellular organisms, living things rely on their cells' ability to send, receive and process signals. For the first time, a research team has succeeded in emulating natural cell communication using synthetic cells. A team of researchers led by Professor Cornelia Palivan from the University of Basel and Nobel laureate Professor Ben Feringa from the University of Groningen reports on these findings in the scientific journal Advanced Materials.

Palivan and her colleagues carry out research into tiny containers made of polymers that they can load with specific molecules and open in a targeted manner. In their current project, the team goes one step further: "We constructed cell-sized microcontainers packed with specialized nanocontainers," explains Palivan. This approach allows the researchers to simulate cells with cell organelles, creating a form of highly simplified synthetic cell also known as a protocell.

In their publication, the researchers describe a system of protocells made of polymers, biomolecules and other nanocomponents that is modeled on signal transmission in the retina of the eye. This system is made up of light-responsive protocells -- the "senders" -- on the one hand and receiver protocells on the other.

Light on

Within the sender cells are nanocontainers -- essentially artificial organelles -- whose membranes contain special light-sensitive molecules known as molecular motors. These allow the researchers to set communication between the two cells in motion using a pulse of light: when light reaches the sender cell, the light-sensitive molecules open the nanocontainers, releasing their contents -- let's call it substance A -- into the sender cell's interior.

Substance A can then leave the sender cell through pores in its polymer shell before reaching the receiver cell via the fluid surrounding the protocells. Then substance A enters the receiver cells -- again via pores -- where it encounters artificial organelles harboring an enzyme. In turn, this enzyme converts substance A into a fluorescence signal, and the resulting glow tells researchers that signal transmission between sender and receiver has worked.




Calcium ions to dim fluorescence signal

In the photoreceptors of the retina that served as a model, calcium ions also play an important role, dampening the transmission of stimuli to the postsynaptic cells so that the eye can become accustomed to bright light. Similarly, the researchers designed the artificial organelles of the receiver cells in such a way that they react to calcium ions and the conversion of substance A into a fluorescence signal can be dampened.

Basis for synthetic tissue

"Using an external pulse of light, we succeeded in triggering an organelle-based signal cascade and modulating it with calcium ions. Producing a temporally and spatially controllable system based on the model of natural cell communication is a novelty," says Palivan.

The researchers' development sets the stage for synthetically emulating more complex communication networks of living cells -- and thus for gaining a better understanding of them. There is also the possibility of creating communication networks between synthetic and natural cells and therefore of developing an interface between them. In the long term, this could pave the way for therapeutic applications with a view to treating diseases, for example, or to developing tissue with synthetic cells.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241112123803.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Giving robots superhuman vision using radio signals | ScienceDaily
In the race to develop robust perception systems for robots, one persistent challenge has been operating in bad weather and harsh conditions. For example, traditional, light-based vision sensors such as cameras or LiDAR (Light Detection And Ranging) fail in heavy smoke and fog.


						
However, nature has shown that vision doesn't have to be constrained by light's limitations -- many organisms have evolved ways to perceive their environment without relying on light. Bats navigate using the echoes of sound waves, while sharks hunt by sensing electrical fields from their prey's movements.

Radio waves, whose wavelengths are orders of magnitude longer than light waves, can better penetrate smoke and fog, and can even see through certain materials -- all capabilities beyond human vision. Yet robots have traditionally relied on a limited toolbox: they either use cameras and LiDAR, which provide detailed images but fail in challenging conditions, or traditional radar, which can see through walls and other occlusions but produces crude, low-resolution images.

Now, researchers from the University of Pennsylvania School of Engineering and Applied Science (Penn Engineering) have developed PanoRadar, a new tool to give robots superhuman vision by transforming simple radio waves into detailed, 3D views of the environment.

"Our initial question was whether we could combine the best of both sensing modalities," says Mingmin Zhao, Assistant Professor in Computer and Information Science. "The robustness of radio signals, which is resilient to fog and other challenging conditions, and the high resolution of visual sensors."

In a paper to be presented at the 2024 International Conference on Mobile Computing and Networking (MobiCom), Zhao and his team from the Wireless, Audio, Vision, and Electronics for Sensing (WAVES) Lab and the Penn Research In Embedded Computing and Integrated Systems Engineering (PRECISE) Center, including doctoral student Haowen Lai, recent master's graduate Gaoxiang Luo and undergraduate research assistant Yifei (Freddy) Liu, describe how PanoRadar leverages radio waves and artificial intelligence (AI) to let robots navigate even the most challenging environments, like smoke-filled buildings or foggy roads.

PanoRadar is a sensor that operates like a lighthouse that sweeps its beam in a circle to scan the entire horizon. The system consists of a rotating vertical array of antennas that scans its surroundings. As they rotate, these antennas send out radio waves and listen for their reflections from the environment, much like how a lighthouse's beam reveals the presence of ships and coastal features.




Thanks to the power of AI, PanoRadar goes beyond this simple scanning strategy. Unlike a lighthouse that simply illuminates different areas as it rotates, PanoRadar cleverly combines measurements from all rotation angles to enhance its imaging resolution. While the sensor itself is only a fraction of the cost of typically expensive LiDAR systems, this rotation strategy creates a dense array of virtual measurement points, which allows PanoRadar to achieve imaging resolution comparable to LiDAR. "The key innovation is in how we process these radio wave measurements," explains Zhao. "Our signal processing and machine learning algorithms are able to extract rich 3D information from the environment."

One of the biggest challenges Zhao's team faced was developing algorithms to maintain high-resolution imaging while the robot moves. "To achieve LiDAR-comparable resolution with radio signals, we needed to combine measurements from many different positions with sub-millimeter accuracy," explains Lai, the lead author of the paper. "This becomes particularly challenging when the robot is moving, as even small motion errors can significantly impact the imaging quality."

Another challenge the team tackled was teaching their system to understand what it sees. "Indoor environments have consistent patterns and geometries," says Luo. "We leveraged these patterns to help our AI system interpret the radar signals, similar to how humans learn to make sense of what they see." During the training process, the machine learning model relied on LiDAR data to check its understanding against reality and was able to continue to improve itself.

"Our field tests across different buildings showed how radio sensing can excel where traditional sensors struggle," says Liu. "The system maintains precise tracking through smoke and can even map spaces with glass walls." This is because radio waves aren't easily blocked by airborne particles, and the system can even "capture" things that LiDAR can't, like glass surfaces. PanoRadar's high resolution also means it can accurately detect people, a critical feature for applications like autonomous vehicles and rescue missions in hazardous environments.

Looking ahead, the team plans to explore how PanoRadar could work alongside other sensing technologies like cameras and LiDAR, creating more robust, multi-modal perception systems for robots. The team is also expanding their tests to include various robotic platforms and autonomous vehicles. "For high-stakes tasks, having multiple ways of sensing the environment is crucial," says Zhao. "Each sensor has its strengths and weaknesses, and by combining them intelligently, we can create robots that are better equipped to handle real-world challenges."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by a faculty startup fund.
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Breakthrough in photonic time crystals could change how we use and control light | ScienceDaily
An international research team has for the first time designed realistic photonic time crystals -- exotic materials that exponentially amplify light. The breakthrough opens up exciting possibilities across fields such as communication, imaging and sensing by laying the foundations for faster and more compact lasers, sensors and other optical devices.


						
"This work could lead to the first experimental realization of photonic time crystals, propelling them into practical applications and potentially transforming industries. From high-efficiency light amplifiers and advanced sensors to innovative laser technologies, this research challenges the boundaries of how we can control the light-matter interaction," says Assistant Professor Viktar Asadchy from Aalto University, Finland.

Photonic time crystals represent a unique class of optical materials. Unlike traditional crystals, which have spatially repeating structures, photonic time crystals remain uniform in space but exhibit a periodic oscillation in time. This distinctive quality creates "momentum band gaps," or unusual states where light pauses inside the crystal while its intensity grows exponentially over time. To grasp the peculiarity of light's interaction within a photonic time crystal, imagine light traversing a medium that switches between air and water quadrillions of times per second -- a remarkable phenomenon that challenges our conventional understanding of optics.

One potential application for the photonic time crystals is in nanosensing.

"Imagine we want to detect the presence of a small particle, such as a virus, pollutant, or biomarker for diseases like cancer. When excited, the particle would emit a tiny amount of light at a specific wavelength. A photonic time crystal can capture this light and automatically amplify it, enabling more efficient detection with existing equipment," says Asadchy.

Creating photonic time crystals for visible light has long been challenging due to the need for extremely rapid yet simultaneously large-amplitude variation of material properties. To date, the most advanced experimental demonstration of photonic time crystals -- developed by members of the same research team -- has been limited to much lower frequencies, such as microwaves. In their latest work, the team proposes, through theoretical models and electromagnetic simulations, the first practical approach to achieving "truly optical" photonic time crystals. By using an array of tiny silicon spheres, they predict that the special conditions needed to amplify light that were previously out of reach can finally be achieved in the lab using known optical techniques.

The team consisted of researchers from Aalto University, University of Eastern Finland, Karlsruhe Institute of Technology and Harbin Engineering University. The research was published in Nature Photonics on 12 November (10AM GMT).
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Astronomers' theory of how galaxies formed may be upended | ScienceDaily
The standard model for how galaxies formed in the early universe predicted that the James Webb Space Telescope (JWST) would see dim signals from small, primitive galaxies. But data are not confirming the popular hypothesis that invisible dark matter helped the earliest stars and galaxies clump together.


						
Instead, the oldest galaxies are large and bright, in agreement with an alternate theory of gravity, according to new research from Case Western Reserve University published Tuesday November 12 in The Astrophysical Journal. The results challenge astronomers' understanding of the early universe.

"What the theory of dark matter predicted is not what we see," said Case Western Reserve astrophysicist Stacy McGaugh,whose paper describes structure formation in the early universe.

McGaugh, professor and director of astronomy at Case Western Reserve, said instead of dark matter, modified gravity might have played a role. He says a theory known as MOND, for Modified Newtonian Dynamics, predicted in 1998 that structure formation in the early universe would have happened very quickly -- much faster than the theory of Cold Dark Matter, known as lambda-CDM, predicted.

JWST was designed to answer some of the biggest questions in the universe, such as how and when did stars and galaxies form? Until it was launched in 2021, no telescope was able to see that deeply into the universe and far back in time.

Lambda-CDM predicts that galaxies were formed by gradual accretion of matter from small to larger structures, due to the extra gravity provided by the mass of dark matter.

"Astronomers invented dark matter to explain how you get from a very smooth early universe to big galaxies with lots of empty space between them that we see today," McGaugh said.




The small pieces assembled in larger and larger structures until galaxies formed. JWST should be able to see these small galaxy precursors as dim light.

"The expectation was that every big galaxy we see in the nearby universe would have started from these itty-bitty pieces," he said.

But even at higher and higher redshift -- looking earlier and earlier into the evolution of the universe -- the signals are larger and brighter than expected.

MOND predicted that the mass that becomes a galaxy assembled rapidly and initially expands outward with the rest of the universe. The stronger force of gravity slows, then reverses, the expansion, and the material collapses on itself to form a galaxy. In this theory, there is no dark matter at all.

The large and bright structures seen by JWST very early in the universe were predicted by MOND over a quarter century ago, McGaugh said. He co-authored the paper with former Case Western Reserve postdoctoral researcher Federico Lelli, now at INAF -- Arcetri Astrophysical Observatory in Italy, and former graduate student Jay Franck. The fourth coauthor is James Schombert from the University of Oregon.

"The bottom line is, 'I told you so,'" McGaugh said. "I was raised to think that saying that was rude, but that's the whole point of the scientific method: Make predictions and then check which come true." He added that finding a theory compatible with both MOND and General Relativity is still a great challenge.
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First amber find on the Antarctic continent | ScienceDaily
Roughly 90 million years ago, climatic conditions in Antarctica were suitable for resin-producing trees. A team of researchers led by the Alfred Wegener Institute and the TU Bergakademie Freiberg have just released a paper in the journal Antarctic Science, in which they describe the southernmost discovery of amber in the world.


						
Until recently, a gap existed in the world map of amber discoveries: the Antarctic continent. But that gap has finally been closed, thanks to a team led by Dr Johann P. Klages from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research and Dr Henny Gerschel from the TU Bergakademie Freiberg. In a recently released paper, the experts describe the amber they discovered in a sediment core they had recovered on an expedition with the research icebreaker Polarstern in 2017, using the seafloor drill rig MARUM-MeBo70 at a water depth of 946 metres. They have named the discovery "Pine Island amber" after its locality in the Pine Island Bay of the Amundsen Sea Embayment -- at 73.57deg South, 107.09deg West, to be precise.

"The analysed amber fragments allow direct insights into environmental conditions that prevailed in West Antarctica 90 million years ago," says first author Johann P. Klages. "This fascinating find also indicates in more detail how the forest we reconstructed in our Nature study from 2020 could have functioned," the AWI marine geologist adds. "It was very exciting to realise that, at some point in their history, all seven continents had climatic conditions allowing resin-producing trees to survive. Our goal now is to learn more about the forest ecosystem -- if it burned down, if we can find traces of life included in the amber. This discovery allows a journey to the past in yet another more direct way."

Those expecting large clumps of amber have to be disappointed: For analyses with reflected-light and fluorescence microscopy, the source material had to be air-dried and carefully sliced up into roughly fragments with 1 mm diameter from which the amber pieces were picked. But nevertheless, exciting structures were to be found: "The Antarctic amber likely contains remains of original tree bark as micro-inclusions. Considering its solid, transparent and translucent particles, the amber is of high quality, indicating its burial near the surface, as amber would dissipate under increasing thermal stress and burial depth," explains Henny Gerschel, until recently a member of staff at the TU Bergakademie Freiberg and now a consultant at the Saxon State Office for the Environment, Agriculture and Geology.The team also found indications for pathological resin flow -- a strategy trees use to seal damaged bark induced by parasites or wildfires, hence creating a chemical and physical barrier protecting from insect attacks and infections. "Our discovery is another piece of the puzzle and will help us gaining a better understanding of the swampy, conifer-rich, temperate rainforest environment identified near the South Pole during the mid-Cretaceous."
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Remarkable new swimming sea slug in the deep sea | ScienceDaily
MBARI researchers have discovered a remarkable new species of sea slug that lives in the deep sea. Bathydevius caudactylus swims through the ocean's midnight zone with a large gelatinous hood and paddle-like tail, and lights up with brilliant bioluminescence. The team published a description of the animal, nicknamed the "mystery mollusc," in the journal Deep-Sea Research Part I.


						
"Thanks to MBARI's advanced underwater technology, we were able to prepare the most comprehensive description of a deep-sea animal ever made. We've invested more than 20 years in understanding the natural history of this fascinating species of nudibranch. Our discovery is a new piece of the puzzle that can help better understand the largest habitat on Earth," said MBARI Senior Scientist Bruce Robison, who led efforts to describe the mystery mollusc.

MBARI researchers first observed the mystery mollusc in February 2000 during a dive with the institute's remotely operated vehicle (ROV) Tiburon offshore of Monterey Bay at 2,614 meters (8,576 feet) deep. The team leveraged MBARI's advanced and innovative underwater technology to gather extensive natural history information about the mystery mollusc. After reviewing more than 150 sightings from MBARI's ROVs over the past 20 years, they published a detailed description of this animal.

With a voluminous hooded structure at one end, a flat tail fringed with numerous finger-like projections at the other, and colorful internal organs in between, the team initially struggled to place this animal in a group. Because the animal also had a foot like a snail, they nicknamed this the "mystery mollusc."

After gently collecting a specimen, MBARI researchers were able to take a closer look at the animal in the lab. Through detailed investigations of anatomy and genetics, they began to solve the mystery, finally confirming that this incredible animal is a nudibranch.

Most nudibranchs, also known as sea slugs, live on the seafloor. Nudibranchs are common in coastal environments -- including tide pools, kelp forests, and coral reefs -- and a small number of species are known to live on the abyssal seafloor. A few are pelagic and live in open waters near the surface.

The mystery mollusc is the first nudibranch known to live in the deep water column. This species lives in the ocean's midnight zone, an expansive environment of open water 1,000 to 4,000 meters (3,300 to 13,100 feet) below the surface, also known as the bathypelagic zone.




The mystery mollusc is currently known to live in the waters offshore of the Pacific coast of North America, with sightings on MBARI expeditions as far north as Oregon and as far south as Southern California. An observation of a similar-looking animal by NOAA researchers in the Mariana Trench in the Western Pacific, suggests the mystery molluscmay have a more widespread distribution.

The mystery mollusc has evolved unique solutions to find food, safety, and companions to survive in the midnight zone.

While most sea slugs use a raspy tongue to feed on prey attached to the seafloor, the mystery mollusc uses a cavernous hood to trap crustaceans like a Venus fly trap plant. A number of other unrelated deep-sea species use this feeding strategy, including some jellies, anemones, and tunicates.

Mystery molluscs are typically seen in open water far below the surface and far above the seafloor. They move through these waters by flexing their body up and down to swim or simply drifting motionless with the currents. To avoid being eaten, the mystery mollusc hides in plain sight with a transparent body. Rapidly closing the oral hood facilitates a quick escape, similar to the pulse of a jelly's bell.

If threatened, the mystery mollusc can light up with bioluminescence to deter and distract hungry predators. On one occasion, researchers observed the animal illuminate and then detach a steadily glowing finger-like projection from the tail, likely serving as a decoy to distract a potential predator. "When we first filmed it glowing with the ROV, everyone in the control room let out a loud 'Oooooh!' at the same time. We were all enchanted by the sight," said MBARI Senior Scientist Steven Haddock. "Only recently have cameras become capable of filming bioluminescence in high-resolution and in full color. MBARI is one of the only places in the world where we have taken this new technology into the deep ocean, allowing us to study the luminous behavior of deep-sea animals in their natural habitat."

Like other nudibranchs, the mystery mollusc is a hermaphrodite, possessing both male and female sex organs. The mystery molluscappears to descend to the seafloor to spawn. MBARI researchers observed some animals using their muscular foot to attach to the muddy seafloor in order to release their eggs.




Detailed examination of specific gene sequences confirmed that the mystery molluscis unique enough from other known nudibranchs to merit the creation of a new family, Bathydeviidae. Two shallow-water nudibranchs -- the lion's mane nudibranch (Melibe leonina) and the veiled nudibranch (Tethys fimbria) -- use a hood to capture prey; however, this appears to be convergent evolution of a similar feeding method, as the mystery mollusc is only distantly related to these species. In fact, genetics suggests the mystery mollusc may have split off first on its own branch of the nudibranch family tree.

"What is exciting to me about the mystery mollusc is that it exemplifies how much we are learning as we spend more time in the deep sea, particularly below 2,000 meters. For there to be a relatively large, unique, and glowing animal that is in a previously unknown family really underscores the importance of using new technology to catalog this vast environment. The more we learn about deep-sea communities, the better we will be at ocean decision-making and stewardship," said Haddock.

The mystery mollusc is just one of many fascinating discoveries MBARI has made in the midnight zone. To date, MBARI technology has been used to document more than 250 deep-sea species previously unknown to science.

"Deep-sea animals capture the imagination. These are our neighbors that share our blue planet. Each new discovery is an opportunity to raise awareness about the deep sea and inspire the public to protect the amazing animals and environments found deep beneath the surface," said Robison.

This work was funded as part of the David and Lucile Packard Foundation's longtime support of MBARI's work to advance marine science and technology to understand a changing ocean.

Mystery mollusc (Bathydevius caudactylus) fact sheet 

Common name: Mystery mollusc 

Scientific name: Bathydevius caudactylus Pronunciation: bath-ee-dee-vee-us caw-dack-till-us

Habitat: midwater, in the bathypelagic zone 

Depth range: 1,013 to 4,009 meters (3,323 to 13,153 feet) 

Geographic range: currently known from the Northeastern Pacific Ocean, from Oregon to Southern California, but likely more widespread

Size: 14.5 centimeters (5.6 inches) (total length) 

Diet: crustaceans, including mysid shrimp

Swimming: Bathydevius caudactylus swims with up-and-down undulations of the entire body, from the hood to the tail. Quickly closing the hood propels the animal backward. Most individuals have been observed in the water column at depths of 1,013 to 3,272 meters (3,323 to 10,735 feet), either swimming slowly or passively drifting. Bathydevius caudactylus is neutrally buoyant and does not sink or rise in the water column when at rest.

Feeding: Bathydevius caudactylus uses a gelatinous hood to trap crustaceans. The bowl-shaped hood is highly elastic and may be up to 9 centimeters (3.5 inches) across. Meals are ingested through a funnel-shaped mouth at the back of the hood. Bathydevius caudactylus lacks the raspy tongue-like radula typical of bottom-dwelling nudibranchs and snails. Bathydevius caudactylus feeds on prey rich in nutrients, slowly metabolizing meals that may be few and far between in an environment where food is scarce.

Physiology: Researchers measured oxygen consumption of Bathydevius caudactylus with the Midwater Respirometer System developed by MBARI scientists and engineers. Bathydevius caudactylus has a metabolism much lower than that reported in other nudibranchs; in fact, respiration rates are more similar to those MBARI researchers have recorded in deep-sea jellies. The reduced respiration reflects the slower pace of life in the deep water column.

Bioluminescence: Researchers filmed bioluminescence from Bathydevius caudactylus in the field and the laboratory. Luminous granules in the animal's tissues create a "starry" appearance across the animal's back, including a diffuse glow in the oral hood and throughout the tips of the finger-like dactyls in the tail. Bathydevius caudactylus appears to drop luminescent dactyls as a decoy to distract predators, much like a lizard dropping its tail. The dactyls regenerate, with some Bathydevius caudactylus observed bearing dactyls of different lengths. Bioluminescence is uncommon among nudibranchs and snails, and Bathydevius caudactylus represents an independent evolution of this trait -- just the third time bioluminescence has evolved in nudibranchs and the seventh time among gastropods.

Reproduction: Bathydevius caudactylus is a hermaphrodite with both male and female reproductive organs. Spawning individuals were observed on the seafloor at depths of 2,269 to 4,009 meters (7,444 to 13,153 feet). Bathydevius caudactylus is a solitary species, however, spawning individuals were occasionally seen in proximity to each other on the seafloor. One specimen collected by MBARI researchers released a ribbon of eggs in the laboratory. Eggs hatched three days later, developing into trochophore larvae with a round body and long hair-like cilia.

Etymology: The genus name Bathydevius reflects the "devious" nature of this deep-sea animal that fooled researchers with features unlike those of other known nudibranchs. The species name caudactylus refers to distinctive finger-like projections, or dactyls, on the animal's tail.
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A new wrinkle in turtles: Their genomes fold in a unique way, researchers find | ScienceDaily
In their long strings of nucleotides, DNA molecules hold massive troves of genetic data providing instructions for how living organisms should function -- the blueprint of life. How the blueprint is stored, however, impacts how it is read and used.


						
As cells divide and replicate, DNA strands coiled around proteins -- chromatin -- are in tightly bundled chromosomes. After division, the chromosomes loosen and chromatin is less compact. How and where the chromatin fiber folds and loops onto itself affects what genes are activated. Findings from an Iowa State University-led research team offer new insight into this process that may have potential biomedical uses.

"The three-dimensional structure of the chromatin when it's folded matters for gene regulation. Where chromatin physically sits in the nucleus matters. The evolution of chromatin folding patterns alters genome function and developmental programs that drive phenotypic evolution and adaptation to changing environments," said Nicole Valenzuela, professor of ecology, evolution and organismal biology at Iowa State University. "Chromosome folding remains a bit of a black box. We've learned a lot about it, but it's still just the tip of the iceberg."

The shape and location of chromosomes during the post-division interphase of the cell cycle impacts gene function because it brings non-adjacent regions into contact, such as enhancer sequences and gene promoters. DNA readily available for interaction within active chromatin regions is more likely to be expressed, whereas DNA within less accessible repressed chromatin is silenced.

By analyzing how often different parts of DNA molecules contact each other, scientists have modeled the varying physical configurations of the chromatin in humans and many commonly researched animals, including mice and birds. Add turtles to the list, thanks to a research team Valenzuela helped lead. In a recent paper in Genome Research, the researchers described their study of the genomes of two species of turtles, which showed a surprising chromatin arrangement that hasn't been observed in other organisms.

A novel alignment

Chromosomes have a thinner junction point called a centromere and at their ends are protected by repetitive sequences of DNA called telomeres. In humans, chromosomes remain in separate territories inside the cell nucleus. But in the cells of some animals, like marsupials, chromosomes cluster so their centromeres can interact. In other animals, like birds, they cluster so telomeres are in contact. Turtles are the only animal studied so far where telomeres and centromeres are aligned to be near each other. These differences in folding and position translate into lineage-specific gene regulation.




"It's possible this is the ancestral condition of amniotes, from which mammals, birds and reptiles evolved in different patterns. The turtles may be showing us what existed at the beginning, shedding light on the evolution of vertebrate genomes," Valenzuela said.

Learning more about the three-dimensional genome structure of turtles and how it responds to environmental conditions could help explain the genetic basis of traits that could be leveraged for biomedical uses in humans. For instance, some turtles can survive weeks without oxygen, which could lead to treatment of strokes. Figuring out how some turtles can withstand extreme cold could benefit cryogenic preservation of human tissues.

"We want to understand more about why different lineages are different in some aspects and why they're the same in others, what parts we share and what parts differ," said Valenzuela, whose research focuses on turtles. "If we can reconstruct the evolutionary history of the changes that have taken place, we will be able to tell much more about how the differences in the packaging of the DNA and the folding of chromosomes might be affecting the traits we're interested in, how genes are regulated and how vertebrate genomes evolve. And understanding how turtle chromatin structure responds to external conditions also will benefit conservation efforts by helping predict the potential effect of environmental change on their biology."

The study was funded in part by two grants from the National Science Foundation.

Digging deeper

Studying the spatial organization of turtle genomes will continue to be an emphasis for Valenzuela's lab, she said.




Future plans include examining additional turtle species. The current study concerned the spiny softshell and northern giant musk turtles, but Valenzuela's research group has already collected the data to look at the genomic structure of four more species of turtles. She'd also like to compare turtles to crocodiles, lizards and snakes to see if their chromatin arranges in similar patterns.

To dig deeper on the function of turtles' chromatin folding, Valenzuela will study the liver organoids her lab developed for three species of turtles -- tiny, lab-grown balls of cells that mimic a simplified version of liver tissue.

More sophisticated mapping methods also will yield richer results, including higher-resolution data that produces even more detailed chromatin maps and techniques for studying how the 3-D chromatin structure changes over time and in different environments.

"To really do genotype-to-phenotype mapping, we have to get to this level of complexity," she said.
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A milestone in the study of octopus arms | ScienceDaily
Mechanical engineering PhD candidate Arman Tekinalp, fellow graduate student Seung Hyun Kim, Professor Prashant Mehta, and Associate Professor Mattia Gazzola, all from the Department of Mechanical Science and Engineering at the University of Illinois Urbana-Champaign, published in the Proceedings of the National Academy of Science (PNAS). Their interdisciplinary collaboration also included Assistant Professor Noel Naughton (formerly a Beckman fellow) from the Department of Mechanical Engineering at Virginia Tech alongside researchers from the Department of Molecular and Integrative Physiology at Illinois and others from the University of North Carolina Chapel Hill and the University of South Florida. Their paper, "Topology, dynamics, and control of a muscle-architected soft arm," which made the cover, describes an unprecedented computational model that captures the intricate muscular architecture of an octopus arm.


						
The model is in turn used to explain how structural mechanics dramatically simplify the control of the arm by automatically orchestrating complex three-dimensional recurrent motions out of simple muscle contraction patterns. The researchers have been collaborating on this work since 2019 with the overarching goal of developing "cyberoctopus" capability -- in other words, creating robotic control systems that can replicate the complex movements of octopus arms.

In many animals including humans, a centralized brain serves as the decision-making hub, or controller, for the rest of the body. In contrast, octopus "brains" are distributed along the eight arms such that each arm can operate independently. Furthermore, the octopus's physiology allows each arm to achieve a range of motion described by nearly infinite degrees of freedom, making computation extremely complex.

"The general motivation is to figure out how to control a complex system with many degrees of freedom and find an alternative to running expensive computations," Gazzola said. "The octopus is an interesting animal model that has been studied since the 1980s. [Researchers] want to know the 'secret' to its abilities."

"I find it very interesting to learn from live animals and translate some of the insights into ideas for soft robotic design," Tekinalp said of his motivation for the study.

In previous efforts, the researchers worked with an interdisciplinary team to develop a theoretical approach to controlling a simplified octopus arm model. In this work, the team employed MRI and histological and biomechanical data to simulate a realistic arm comprised of nearly 200 intertwined muscle groups.

They also used image tracking to record the movements of a live octopus as it performed tasks in a tank. The octopus was placed on one side of a Plexiglas sheet with a hole through which only one arm could reach. In the experiments, a tempting object was placed on the opposite side of the sheet. The researchers could then video-capture the octopus reaching for and manipulating the object.




"It was almost like working with a little kid," Gazzola recalled of observing the octopus. "You have to know how to approach [the octopus] and keep it engaged."

From the imaging, the team extracted motion data and showed in simulation that their control approach could replicate the complex motions exhibited by the octopus arm. "We used topology and differential geometry to apply a set of fundamental theoretical results to the arm to describe its shape and control it via muscle actuation," Gazzola said.

To describe the arm's motion, the team developed simple muscle activation templates that could achieve complex 3D motion. "Instead of working with thousands of degrees of freedom, we related two topological quantities -- writhe and twist -- to muscle dynamics," Gazzola said. "These two quantities are each controlled by different muscle groups whose coactivation gives rise to a third topological quantity, that describe the arm's 3D morphological changes -- that is, its motion."

Their high-fidelity computational model is a milestone both in biology, where it can help explain the octopus's impressive capability, and engineering. "The computational model is a useful testbed for roboticists to test their algorithms," Mehta said.

The long-term study represents interdisciplinary efforts from multiple research groups and several students on campus over the years. Indeed, the team continues to change -- Tekinalp, who will graduate in December 2024, will be going on to a postdoctoral position at the University of Maryland, College Park.

"For both Mattia and I, it was heartening to see the close cooperation between the students from our two research groups," Mehta said.

Among the many next steps for this work, the researchers anticipate expanding their simulation techniques to investigate methods of controlling all eight arms in a collaborative fashion (e.g., mimicking how an octopus might work with multiple objects at once). They also hope to translate their findings into robotic prototypes for experimental testing.

"Our theoretical understanding is still an intuitive approach," Gazzola said of additional next steps. "We want to develop an automated framework so that our octopus model can learn to perform tasks on its own."
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Swirling polar vortices likely exist on the Sun | ScienceDaily
Like the Earth, the Sun likely has swirling polar vortices, according to new research led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR). But unlike on Earth, the formation and evolution of these vortices are driven by magnetic fields.


						
The findings, recently published in the Proceedings of the National Academy of Sciences (PNAS), have implications for our basic understanding of the Sun's magnetism and the solar cycle, which could in turn improve our ability to predict disruptive space weather. The new research also paints a picture of what we might expect to see at the solar poles during future missions to the Sun and provides information that could be useful in planning the timing of such missions.

"No one can say for certain what is happening at the solar poles," said NSF NCAR senior scientist Mausumi Dikpati, who led the new study. "But this new research gives us an intriguing look at what we might expect to find when we are able, for the first time, to observe the solar poles."

The research was funded by NSF and NASA with supercomputing resources made available on NSF NCAR's Cheyenne and Derecho systems.

A mystery at the Sun's poles

The likely presence of some kind of polar vortices on the Sun does not come as a surprise. These spinning formations develop in fluids that surround a rotating body due to the Coriolis force, and they have been observed on the majority of planets in our solar system. On Earth, a vortex spins high in the atmosphere around both the north and south poles. When those vortices are stable, they keep frigid air locked at the poles, but when they weaken and become unstable, they allow that cold air to seep toward the equator, causing cold air outbreaks in the midlatitudes.

NASA's Juno mission returned breathtaking images of polar vortices on Jupiter, showing eight tightly packed swirls around the gas giant's north pole and five around its south. The polar vortices on Saturn, seen by NASA's Cassini spacecraft, are hexagonally shaped in the north pole and more circular in the south. These differences offer scientists clues into the makeup and dynamics of each planet's atmosphere.




Polar vortices have also been observed in Mars, Venus, Uranus, Neptune, and Saturn's moon Titan, so in some ways, the fact that the Sun (also a rotating body surrounded by a fluid) would have such features may be obvious. But the Sun is also fundamentally different from the planets and moons that possess atmospheres: the plasma "fluid" that surrounds the Sun is magnetic.

How that magnetism might influence the formation and evolution of solar polar vortices -- or whether they form at all -- is a mystery because humanity has never sent a mission into space that can observe the Sun's poles. In fact our observations of the Sun are limited to views of the face of the Sun as it points toward Earth and only offers hints at what might be transpiring at the poles.

A ring of vortices tied to the solar cycle

Since we have never observed the Sun's poles, the science team relied on computer models to fill in the blanks about what solar polar vortices might look like. What they found is that the Sun is likely to indeed have a unique pattern of polar vortices that evolves as the solar cycle unfolds and depends on the strength of any particular cycle.

In the simulations, a tight ring of polar vortices forms at around 55 degrees latitude -- the equivalent of Earth's Arctic circle -- at the same time that a phenomenon called the "rush to the poles" begins. At the maximum of each solar cycle, the magnetic field at the Sun's poles disappears and is replaced with a magnetic field of opposite polarity. This flip-flop is preceded by a "rush to the poles" when the field of opposite polarity begins to travel from about 55 degrees in latitude poleward.

After forming, the vortices head toward the poles in a tightening ring, shedding vortices as the circle closes, eventually leaving only a pair of vortices directly abutting the poles before they disappear altogether at solar maximum. How many vortices form and their configuration as they move toward the poles changes with the strength of the solar cycle.




These simulations offer a missing piece to the puzzle of how the Sun's magnetic field behaves near the poles and may help answer some fundamental questions about the Sun's solar cycles. For example, in the past many scientists have used the strength of the magnetic field that "rushes to the poles" as a proxy for how strong the upcoming solar cycle is likely to be. But the mechanism for how those things might connect, if at all, is not clear.

The simulations also offer information that may be used for planning future missions to observe the Sun. Namely, the results indicate that some form of polar vortices should be observable during all parts of the solar cycle except during the solar maximum.

"You could launch a solar mission, and it could arrive to observe the poles at completely the wrong time," said Scott McIntosh, vice president of space operations for Lynker and a co-author of the paper.

The Solar Orbiter, a cooperative mission between NASA and the European Space Agency, could give researchers their first glimpse of the solar poles, but the first look will be close to solar maximum. The authors note that a mission designed to observe the poles and to give researchers multiple, simultaneous viewpoints of the Sun could help them answer many long-held questions about the Sun's magnetic fields.

"Our conceptual boundary now is that we are operating with only one viewpoint," McIntosh said. "To make significant progress, we must have the observations we need to test our hypotheses and confirm whether simulations like these are correct."
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Was 'Snowball Earth' a global event? Study delivers best proof yet | ScienceDaily
Geologists have uncovered strong evidence from Colorado that massive glaciers covered Earth down to the equator hundreds of millions of years ago, transforming the planet into an icicle floating in space.


						
The study, led by the University of Colorado Boulder, is a coup for proponents of a long-standing theory known as Snowball Earth. It posits that from about 720 to 635 million years ago, and for reasons that are still unclear, a runaway chain of events radically altered the planet's climate. Temperatures plummeted, and ice sheets that may have been several miles thick crept over every inch of Earth's surface.

"This study presents the first physical evidence that Snowball Earth reached the heart of continents at the equator," said Liam Courtney-Davies, lead author of the new study and a postdoctoral researcher in the Department of Geological Sciences at CU Boulder.

The team will publish its findings in the Proceedings of the National Academy of Sciences. Co-authors include Rebecca Flowers, professor of geological sciences at CU Boulder, and researchers from Colorado College, the University of California, Santa Barbara and University of California, Berkeley.

The study zeroes in on the Front Range of Colorado's Rocky Mountains. Here, a series of rocks nicknamed the Tavakaiv, or "Tava," sandstones hold clues to this frigid period in Earth's past, Courtney-Davies said.

The researchers used a dating technique called laser ablation mass spectrometry, which zaps minerals with lasers to release some of the atoms inside. They showed that these rocks had been forced underground between about 690 to 660 million years ago -- in all likelihood from the weight of huge glaciers pressing down above them.

Courtney-Davies added that the study will help scientists understand a critical phase in not just the planet's geologic history but also the history of life on Earth. The first multicellular organisms may have emerged in oceans immediately after Snowball Earth thawed.




"You have the climate evolving, and you have life evolving with it. All of these things happened during Snowball Earth upheaval," he said. "We have to better characterize this entire time period to understand how we and the planet evolved together."

Searching for snow

The term "Snowball Earth" dates back to a paper published in 1992 by American geologist Joseph Kirschvink.

Despite decades of research, however, scientists are yet to agree whether the entire globe actually froze. Geologists, for example, have discovered the fingerprints of thick ice from this time period along ancient coastal areas, but not within the interior of continents close to the equator.

Which is where Colorado enters the picture. At the time, the region didn't sit at the northern latitudes where it does today. Instead, Colorado rested over the equator as a landlocked part of the ancient supercontinent Laurentia.

If glaciers formed here, scientists believe, then they could have formed anywhere.




Going deep

The search for that missing piece of the puzzle brought Courtney-Davies and his colleagues to the Tava sandstones. Today, these features poke up from the ground in a few locations along Colorado's Front Range, most notably around Pikes Peak. To the untrained eye, they might seem like ordinary-looking yellow-brown rocks running in vertical bands less than an inch to many feet wide.

But for geologists, these features have an unusual history. They likely began as sands at the surface of Colorado at some point in the past. But then forces pushed them underground -- like claws digging into the Earth's crust.

"These are classic geological features called injectites that often form below some ice sheets, including in modern-day Antarctica," Courtney-Davies said.

He wanted to find out if the Tava sandstones were also connected to ice sheets. To do that, the researchers calculated the ages of mineral veins that sliced through those features. They collected tiny samples of the minerals, which are rich in iron oxide (essentially, rust), then hit them with a laser. In the process, the minerals released small quantities of the radioactive element uranium. Because uranium atoms decay into lead at a constant rate, the team could use them as a sort of timekeeper for the planet's rocks.

It was a Eureka moment: The group's findings suggest that the Tava sandstone had been pushed underground at the time of Snowball Earth. The group suspects that, at the time, thick ice sheets formed over Colorado, exposing the sands to intense pressures. Eventually, and with nowhere else to go, they pushed down into the bedrock below.

"We're excited that we had the opportunity to unravel the story of the only Snowball Earth deposits that have so far been identified in Colorado," Flowers said.

The researchers aren't done yet: If such features formed in Colorado during Snowball Earth, they probably formed in other spots around North America, too, Courtney-Davies said:

"We want to get the word out so that others try and find these features and help us build a more complete picture of Snowball Earth."
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Storm in a laser beam: Physicists create 'light hurricanes' that could transport huge amounts of data | ScienceDaily
Much of modern life depends on the coding of information onto means of delivering it. A common method is to encode data in laser light and send it through optic cables. The increasing demand for more information capacity demands that we constantly find better ways of encoding it.


						
Researchers at Aalto University's Department of Applied Physics found a new way to create tiny hurricanes of light -- known to scientists as vortices -- that can carry information. The method is based on manipulating metallic nanoparticles that interact with an electric field. The design method, belonging to a class of geometries known as quasicrystals, was thought up by Doctoral Researcher Kristian Arjas and experimentally realised by Doctoral Researcher Jani Taskinen, both from Professor Paivi Torma's Quantum Dynamics group. The discovery represents a fundamental step forward in physics and carries the potential for entirely new ways of transmitting information.

Half order and chaos

A vortex is in this case like a hurricane that occurs in a beam of light, where a calm and dark centre is surrounded by a ring of bright light. Just like the eye of a hurricane is calm due to the winds around it blowing in different directions, the eye of the vortex is dark due to the electric field of bright light pointing to different directions on different sides of the beam.

Previous physics research has connected what kind of vortices can appear with how much symmetry there is in the structure that produces them. For example, if particles in the nanoscale are arranged in squares the produced light has a single vortex; hexagons produce a double vortex and so on. More complex vortices require at least octagonal shapes.

Now Arjas, Taskinen and the team unlocked a method for creating geometric shapes that theoretically support any kind of vortex.

"This research is on the relationship between the symmetry and the rotationality of the vortex, i.e. what kinds of vortices can we generate with what kinds of symmetries. Our quasicrystal design is halfway between order and chaos," Torma says.




Good vibrations

In their study, the group manipulated 100,000 metallic nanoparticles, each roughly the size of a hundredth of a single strand of human hair, to create their unique design. The key lay in finding where the particles interacted with the desired electric field the least instead of the most.

'An electrical field has hotspots of high vibration and spots where it is essentially dead. We introduced particles into the dead spots, which shut down everything else and allowed us to select the field with the most interesting properties for applications,' Taskinen says.

The discovery opens a wealth of future research in the very active field of topological study of light. It also represents the early steps for a powerful way of transmitting information in domains where light is needed to send encoded information, including telecommunications.

'We could, for example, send these vortices down optic fibre cables and unpack them at the destination. This would allow us to store our information into a much smaller space and transmit much more information at once. An optimistic guess for how much would be 8 to 16 times the information we can now deliver over optic fibre,' Arjas says.

Practical applications and scalability of the team's design are likely to take years of engineering. The Quantum Dynamics group at Aalto, however, have their hands full with research into superconductivity and improving organic LEDs.

The group used the OtaNano research infrastructure for nano-, micro- and quantum technologies in their pioneering study.

The research was published early November in Nature Communications.
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The Shellowship of the Ring: Two new snail species named after Tolkien characters | ScienceDaily
Researchers have named two newly discovered freshwater snail species from Brazil after characters from The Lord of the Rings.


						
Described in the open-access journal Zoosystematics and Evolution, Idiopyrgus eowynae and Idiopyrgus meriadoci were named in honour of Eowyn and Meriadoc Brandybuck from J.R.R. Tolkien's iconic series.

In their research paper, the authors explain the name Idiopyrgus eowynae, stating, "Eowyn exemplifies courage, resilience, and resistance against darkness, both internal and external, standing against Grima Wormtongue and the Witch-king of Angmar."

Regarding Idiopyrgus meriadoci, they write, "Besides standing with Eowyn against the Witch-king in the Battle of the Pelennor Fields, Merry is also an example of the fight for nature conservation in Middle-earth, pushing the Ents into action and ultimately ending Saruman's threat to Fangorn Forest."

The discovered species are troglobitic and were found in a single limestone cave in the Serra do Ramalho karst area of Bahia state, northeastern Brazil. The gastropods belong to the family Tomichiidae, a group previously known for inhabiting surface freshwater environments but now shown to have adapted to subterranean ecosystems.

Both snails have unique periostracal hairs -- thorn-like structures -- on their shells, a feature uncommon among Brazilian freshwater snails. Their cave-specific adaptations include reduced pigmentation, fragile shells, and small size.

The Gruna do Pedro Cassiano cave, where the snails were discovered, is a fragile ecosystem threatened by water extraction, deforestation, and climate change. Due to the species' limited habitat and environmental threats to their subterranean ecosystem, the authors recommend their classification as vulnerable. The findings highlight the importance of protecting Brazil's subterranean biodiversity and raise concerns about the impact of human activities on these delicate ecosystems.

On his choice of Tolkien-inspired names for the new species, lead author Dr Rodrigo B. Salvador of the Finnish Museum of Natural History said, "I tend to use lots of pop culture references in my species names -- from books, comics, Dungeons & Dragons, and video games. If we think about it, there is a long-standing tradition in taxonomy of using names from mythology and literature to name species.

"Granted, in the old days, those names mostly came from Greek and Roman myths and Shakespeare. Today, we have newer mythologies and literature classics, so in a way, we're just continuing that tradition."
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Robot that watched surgery videos performs with skill of human doctor, researchers report | ScienceDaily
A robot, trained for the first time by watching videos of seasoned surgeons, executed the same surgical procedures as skillfully as the human doctors.


						
The successful use of imitation learning to train surgical robots eliminates the need to program robots with each individual move required during a medical procedure and brings the field of robotic surgery closer to true autonomy, where robots could perform complex surgeries without human help.

"It's really magical to have this model and all we do is feed it camera input and it can predict the robotic movements needed for surgery," said senior author Axel Krieger. "We believe this marks a significant step forward toward a new frontier in medical robotics."

The findings led by Johns Hopkins University researchers are being spotlighted this week at the Conference on Robot Learning in Munich, a top event for robotics and machine learning.

The team, which included Stanford University researchers, used imitation learning to train the da Vinci Surgical System robot to perform fundamental surgical procedures: manipulating a needle; lifting body tissue, and suturing. The model combined imitation learning with the same machine learning architecture that underpins ChatGPT. However, where ChatGPT works with words and text, this model speaks "robot" with kinematics, a language that breaks down the angles of robotic motion into math.

The researchers fed their model hundreds of videos recorded from wrist cameras placed on the arms of da Vinci robots during surgical procedures. These videos, recorded by surgeons all over the world, are used for post-operative analysis and then archived. Nearly 7,000 da Vinci robots are used worldwide, and more than 50,000 surgeons are trained on the system, creating a large archive of data for robots to "imitate."

While the da Vinci system is widely used, researchers say it's notoriously imprecise. But the team found a way to make the flawed input work. The key was training the model to perform relative movements rather than absolute actions, which are inaccurate.




"All we need is image input and then this AI system finds the right action," said lead author Ji Woong "Brian" Kim. "We find that even with a few hundred demos the model is able to learn the procedure and generalize new environments it hasn't encountered."

The team trained the robot to perform three tasks: manipulate a needle, lift body tissue, and suture. In each case, the robot trained on the team's model performed the same surgical procedures as skillfully as human doctors.

"Here the model is so good learning things we haven't taught it," Krieger said. "Like if it drops the needle, it will automatically pick it up and continue. This isn't something I taught it do."

The model could be used to quickly train a robot to perform any type of surgical procedure, the researchers said. The team is now using imitation learning to train a robot to perform not just small surgical tasks but a full surgery.

Before this advancement, programming a robot to perform even a simple aspect of a surgery required hand-coding every step. Someone might spend a decade trying to model suturing, Krieger said. And that's suturing for just one type of surgery.

"It's very limiting," Krieger said. "What is new here is we only have to collect imitation learning of different procedures, and we can train a robot to learn it in a couple days. It allows us to accelerate to the goal of autonomy while reducing medical errors and achieving more accurate surgery."

Authors from Johns Hopkins include PhD student Samuel Schmidgall; Associate Research Engineer Anton Deguet; and Associate Professor of Mechanical Engineering Marin Kobilarov. Stanford University authors are PhD student Tony Z. Zhao
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Secret behind the corpse flower's famous stench | ScienceDaily
The unusual odor of the titan arum, commonly called the corpse flower because its scent is reminiscent of rotting flesh, draws crowds of curious visitors to greenhouses around the world during its rare blooms. What also intrigues scientists is the corpse flower's propensity for warming itself up just before blooming through a process known as thermogenesis, an uncommon trait in plants that is not well understood.


						
Now, a Dartmouth-led study looks under the hood of the corpse flower to uncover fundamental genetic pathways and biological mechanisms that drive the production of heat and odorous chemicals when the plant blooms. In a paper published Nov. 4 in PNAS Nexus, scientists led by G. Eric Schaller, professor of biological sciences, also identifies a new component of the corpse flower's odor -- an organic chemical called putrescine.

Schaller and his collaborators took advantage of several blooms of Morphy, Dartmouth's 21-year-old corpse flower housed in the Life Sciences Greenhouse, to collect tissue samples for genetic and chemical analysis.

The titan arum isn't a single flower, but a cluster of small flowers hidden within a gigantic central stalk called the spadix, which can grow up to 12 feet tall and is the plant's most striking visual feature. The plant can go years without flowering -- a 5-to-7-year interval is typical -- but when it does, it blooms overnight. "The blooms are rare and also short-lived, so we only get a small window to study these phenomena," Schaller says.

A frilly petal-like layer at the base of the spadix called the spathe unfurls to create a cup around the central stalk that is deep red or maroon on the inside. The spadix begins to heat up, rising by as much as 20 degrees Fahrenheit above the ambient temperature, followed soon after by the release of the plant's signature scent derived from a cocktail of stinky sulfur-based compounds that attract the flies and carrion beetles that help propagate the plant.

When Morphy bloomed in 2016, the researchers gathered nine tissue samples over three nights starting when the spadix temperature peaked -- from the lip and base of the spathe, and the towering spike of the spadix known as the appendix. They later added two additional leaf samples to their collection.

Alveena Zulfiqar, an exchange research scholar working in the Schaller lab at the time, figured out how to extract high-quality RNA from the tissue, enabling the team to perform RNA sequence analyses and determine the role genes play in heating up the plant and causing the odor.




"This helps us see what genes are being expressed and to see which ones are specifically active when the appendix heats up and sends out odor," says Schaller, a molecular biologist who studies how plant hormones regulate their ability to grow and respond to changes in their environment. He also moonlights as a writer of short fiction, particularly horror fiction: "The corpse flower fits well in both these worlds," he says.

Thermogenesis, or the ability to generate heat, is common in animals, but rare in plants. In animal cells, a class of proteins called uncoupling proteins interrupt the process of putting chemical energy into storage, releasing them instead as heat, Schaller says.

The RNA analysis revealed that the genes associated with the plant counterparts of these proteins, known as alternative oxidases, showed higher expression in tissues extracted when flowering began, particularly in the appendix. Also active at the time were genes involved in sulfur transport and metabolism.

To track down the mechanisms set in play by these genes, the team isolated tissues from the plant during a subsequent bloom and, working with collaborators at the University of Missouri, used a technique called mass spectrometry to identify and measure the levels of different amino acids -- molecules that make up proteins -- in them.

As predicted from their RNA analysis, they detected high levels of a sulfur-containing amino acid called methionine, a precursor to sulfur-based compounds known to vaporize easily upon heating, producing pungent odors. The levels of methionine dropped quickly in tissues extracted a few hours later.

What came as a surprise, Schaller says, was the detection of elevated levels of another amino acid in tissues taken from the spathe, which serves as a precursor for production of the compound, putrescine, an odorant found in dead animals when they begin to rot.

This study is the first to unravel the secrets of the corpse flower's stink at a molecular level, determine the processes by which the titan arum regulates temperature, and identify the roles played by different parts of the flowering cluster in creating the carrion cologne that draws pollinators.

Morphy holds more mysteries, says Schaller, who is now focused on understanding the triggers that foretell flowering and whether specimens housed together might synchronize blooms to collectively raise the odor level to draw even more pollinators.
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Study of mountaineering mice sheds light on evolutionary adaptation | ScienceDaily
Teams of mountaineering mice are helping advance understanding into how evolutionary adaptation to localized conditions can enable a single species to thrive across diverse environments.


						
In a study led by Naim Bautista, a postdoctoral researcher in Jay Storz's lab at the University of Nebraska-Lincoln, the team took highland deer mice and their lowland cousins on a simulated ascent to 6,000 meters. The "climb" ventured from sea level and the mice reached the simulated summit seven weeks later. Along the way, Bautista tracked how the mice responded to cold stress at progressively lower oxygen levels.

"Deer mice have the broadest environmental range of any North American mammal, as they are distributed from the plains of Nebraska to the summits of the highest peaks in the Rocky Mountains and Sierra Nevada," said Storz, Willa Cather Professor of biological sciences. "This study tested whether they are able to thrive across such a broad range of elevations by evolving adaptations to local conditions or by possessing a generalized ability to acclimatize."

Conducted in a specialized lab at Canada's McMaster University, the study divided each team of highland and lowland mice into two distinct groups -- a control that remained at sea level throughout the study, and an acclimation group that embarked on the seven-week ascent.

After seven days at sea-level, conditions for the acclimated group advanced by 1,000 meters in elevation weekly, with oxygen levels reduced to reflect what climbers would experience. The research team monitored the ability of each mouse to cope with cold exposure by means of metabolic heat production.

Data showed that the highland and lowland deer mouse cousins do not share a general ability to acclimate to hypoxia (low oxygen conditions). As the simulated elevations rose above 4,000 meters, the homefield advantage of the highland mice quickly became apparent. As oxygen levels dropped, the highland mice were better able to regulate body temperature than their lowland counterparts owing to more efficient breathing and circulatory oxygen-transport.

"The results show us that the highlanders and lowlanders do not share a generalized ability to acclimatize to changing environmental conditions," Bautista said. "Rather, the mice living at higher elevations share evolved ways to acclimatize to low oxygen conditions that are distinct from those of the lowland prairie mice."

The study also showed that the highland mice have a genetic advantage that helps suppress thickening of the right ventricle of the heart, a symptom of pulmonary hypertension, which is a common malady among lowland mammals that are forced to acclimatize to low oxygen conditions.




Bautista said the findings show how adaptation to local conditions can allow a widely distributed species like the deer mouse to thrive in diverse environments.

"It highlights how evolved changes specific to populations help shape their flexibility," Bautista said. "Ultimately, it is these changes that influence their ability to survive within different habitats."

Bautista is finalizing plans to repeat the study, taking it to new heights by measuring the responses of the yellow-rumped leaf-eared mouse, the world's highest-dwelling mammal. The species hails from the Andes mountains, living at elevations up to 22,110 feet, and was discovered by Storz.

The deer mice study was recently published in PNAS. Other members of the research team include Storz; Ellen Shadowitz and Graham Scott of McMaster University; Nathanael Herrera and Zachary Cheviron of the University of Montana; and Oliver Wearing of the University of British Columbia.
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Measurements from 'lost' Seaglider offer new insights into Antarctic ice melting | ScienceDaily
New research reveals for the first time how a major Antarctic ice shelf has been subjected to increased melting by warming ocean waters over the last four decades.


						
Scientists from the University of East Anglia (UEA) say the study -- the result of their autonomous Seaglider getting accidentally stuck underneath the Ross Ice Shelf -- suggests this will likely only increase further as climate change drives continued ocean warming.

The glider, named Marlin, was deployed in December 2022 into the Ross Sea from the edge of the sea ice. Carrying a range of sensors to collect data on ocean processes that are important for climate, it was programmed to travel northward into open water.

However, Marlin was caught in a southward-flowing current and pulled into the ice shelf cavity where it remained, with its sensors on, for four days before re-emerging. During this time the 'lost' glider completed 79 dives, taking measurements of the water within the cavity to a depth of 200 metres, right up to base of the overlying ice shelf.

Researchers from UEA's School of Environmental Sciences recorded a 50 metre-thick 'intrusion' of -- relatively -- warm water that had entered the cavity from the nearby open water. Water temperatures ranged from -1.9degC to a warmer -1.7degC under the ice.

Subsequent re-analysis of all available measurements shows that heat transported into cavity has increased over the last 45 years, most likely due to warming of the Ross Sea because of climate change. The findings are published in the journal Science Advances.

"While the temperature increase -- four thousandths of a degree a year -- might not seem all that much, it could lead to around 20 to 80 cm of additional ice loss per year over the 45 years we look at," explained lead author Dr Peter Sheehan.




"We found the waters of the intrusion were warm enough to melt the underside of the ice shelf, unlike the freezing-point waters they likely displaced. What's new here is that we can track the warm water pretty much from the open water of the Ross Sea at the ice front, back into the cavity. We have not seen one of these intrusions happening directly before."

Dr Sheehan added: "A trip into the cavity underneath the Ross Ice Shelf was not planned, and it's not normally possible to measure this region of an ice shelf: you can't send instruments this close to the underside of an ice shelf deliberately, it's too risky."

The ice shelves that surround Antarctica are exposed to the warmth of the ocean across the expanse of their undersides that float out over the continent's shelf seas, and the ocean-driven melting that occurs at the ice base is the largest cause of Antarctic ice-mass loss.

While the melting of floating ice does not itself substantially raise sea level, ice shelves slow the seaward flow of land ice and so stabilize the Antarctic ice sheet; their thinning and disintegration would hasten the delivery of land ice to the ocean and accelerate global sea-level rise.

One of the processes that can drive warm surface water under the Ross Ice Shelf is wind. Certain wind patterns lead to southward flow in the surface ocean and into the ice shelf cavity.

These wind-driven ocean-surface flows are called Ekman currents, and as with any ocean current, these have an associated heat transport. Because this is an ocean-surface process, this heat is instantly available to melt the overlying ice: it doesn't have to wait to be mixed upward to the ice base.




Ekman heat transport is particularly relevant for climate scientists because oceans absorb and redistribute much of the Earth's heat. Changes in this system can have profound effects on weather, sea levels, and global temperature trends.

Dr Sheehan and co-author Prof Karen Heywood used long-term measurements of wind and ocean temperature -- blended with a model to fill in spatial and temporal gaps in the record -- to calculate the strength of southward Ekman heat transport over the last 45 years. They found that the heat transported into the cavity by Ekman currents has increased.

Year-to-year variability is driven by the wind. However, the trend towards greater heat transport into the cavity is likely linked to warming of the Ross Sea -- because the water has warmed, winds today will transport more heat energy into the cavity than winds of comparable strength in the past.

Prof Heywood said: "It appears reasonable to expect that the magnitude of the Ekman heat flux, and of the melting that it drives, will increase yet further as climate change drives continued ocean warming. This trend is a concern in itself.

"The influence of surface-water intrusions, alongside the trends and variability in the Ekman dynamics that can drive these, must be incorporated into climate models, not least given continued uncertainty in the response of Antarctic land-based ice to climate change."

This is the first time that this process has been looked at using a long-term, multi-decadal data set. Previous understanding of surface-water intrusions has come mainly from comparisons of hydrography in open water, for example from ships, observations from tagged seals, and ice moorings deployed within a cavity.

The study was funded by the UK Natural Environment Research Council, the US National Science Foundation and European Research Council Horizon 2020 programme.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241108150736.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



SARS-CoV-2 'steals' our proteins to protect itself from the immune system | ScienceDaily
Researchers at the Medical University of Vienna and the Medical University of Innsbruck discovered that SARS-CoV-2 hijacks three important host proteins that dampen the activity of the complement system, a key component of early antiviral immunity. This significantly impairs viral clearance which may affect the course of both acute COVID-19 infections and post-COVID-19 sequelae. The study was recently published in the journal Emerging Microbes & Infections.


						
An early and effective immune response is crucial for resolving viral infections and preventing post-infectious complications. The complement system, a pivotal element of antiviral immunity, is a cascade of proteins found in the bloodstream and at mucosal sites, such as the respiratory tract. Activated through three different pathways, complement facilitates the clearance of virus particles by directly inducing their destruction (lysis). To prevent bystander damage to host cells, complement is rapidly inactivated by a set of host molecules referred to as complement regulatory proteins. The new study led by Anna Ohradanova-Repic and colleagues from the Center for Pathophysiology, Infectiology and Immunology at the Medical University of Vienna in collaboration with the team of Heribert Stoiber from the Institute of Virology at the Medical University of Innsbruck shows that SARS-CoV-2 hijacks three of these regulatory proteins, CD55, CD59 and Factor H, and thereby successfully shields itself from complement-mediated lysis.

Hijacking host proteins for effective complement resistance

By propagating SARS-CoV-2 in human cells the researchers discovered that the virus particles acquire the cellular proteins CD55 and CD59. Further experiments showed that SARS-CoV-2 also binds to Factor H, another complement regulatory protein that is primarily found in the bloodstream. Confronting the virus particles with active complement revealed that they are partially resistant to complement-mediated lysis. By removing CD55, CD59 and Factor H from the virus surface or inhibiting their biological functions, the researchers could successfully restore complement-mediated clearance of SARS-CoV-2.

"Through hijacking these three proteins, SARS-CoV-2 can evade all three complement pathways, resulting in reduced or delayed viral clearance by the infected host," Anna Ohradanova-Repic, the leader of the study explains. Because complement is intricately linked with other components of the immune system, this not only affects virus elimination but can also cause significant inflammation, a core feature of both severe COVID-19 and Long COVID.

"Uncovering immune evasion mechanisms that allow the virus to linger within the host for longer, deepen our understanding of the acute and long-term impacts of SARS-CoV-2 infection," says first author Laura Gebetsberger.
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New insights into the Denisovans: New hominin group that interbred with modern day humans | ScienceDaily
Scientists believe individuals of the most recently discovered "hominin" group (the Denisovans) that interbred with modern day humans passed on some of their genes via multiple, distinct interbreeding events that helped shape early human history.


						
In 2010, the first draft of the Neanderthal genome was published, and comparisons with modern human genomes revealed that Neanderthal and modern humans had interbred in the past. A few months later, analysis of a genome sequenced from a finger bone excavated in the Denisova cave in the Altai mountains in Siberia revealed that this bone fragment was from a newly discovered hominin group that we now call Denisovans, who also interbred with modern humans.

"This was one of the most exciting discoveries in human evolution in the last decade," said Dr Linda Ongaro, Postdoctoral Research in Trinity College Dublin's School of Genetics and Microbiology, and first author of a fascinating new review article published in leading international journal Nature Genetics. 

"It's a common misconception that humans evolved suddenly and neatly from one common ancestor, but the more we learn the more we realise interbreeding with different hominins occurred and helped to shape the people we are today.

"Unlike Neanderthal remains, the Denisovan fossil record consists of only that finger bone, a jawbone, teeth, and skull fragments. But by leveraging the surviving Denisovan segments in Modern Human genomes scientists have uncovered evidence of at least three past events whereby genes from distinct Denisovan populations made their way into the genetic signatures of modern humans."

Each of these presents different levels of relatedness to the sequenced Altai Denisovan, indicating a complex relationship between these sister lineages.

In the review article, Dr Ongaro and Prof. Emilia Huerta-Sanchez outline evidence suggesting that several Denisovan populations, who likely had an extensive geographical range from Siberia to Southeast Asia and from Oceania to South America, were adapted to distinct environments.

They further outline a number of genes of Denisovan origin that gave modern day humans advantages in their different environments.

Dr Ongaro added: "Among these is a genetic locus that confers a tolerance to hypoxia, or low oxygen conditions, which makes a lot of sense as it is seen in Tibetan populations; multiple genes that confer heightened immunity; and one that impacts lipid metabolism, providing heat when stimulated by cold, which confers an advantage to Inuit populations in the Arctic.

"There are numerous future directions for research that will help us tell a more complete story of how the Denisovans impacted modern day humans, including more detailed genetic analyses in understudied populations, which could reveal currently hidden traces of Denisovan ancestry. Additionally, integrating more genetic data with archaeological information -- if we can find more Denisovan fossils -- would certainly fill in a few more gaps."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241108113302.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scarlet Macaw parents 'play favorites,' purposefully neglect younger chicks | ScienceDaily
Scarlet macaws are a symbol of fidelity and virtue to many people because they are thought to mate for life -- but it turns out that they also "play favorites" when feeding their young, making them excellent mates, but neglectful parents.


						
Fortunately, Texas A&M scientists have developed a way to ensure the birds' bad parenting results in fewer chick deaths.

Researchers at the College of Veterinary Medicine and Biomedical Sciences have discovered that scarlet macaws purposefully neglect feeding the youngest chicks in most broods, even when resources are plentiful. This results in only one or two chicks being able to fledge -- the process in which parents teach their young to fly and survive on their own -- even though broods may contain up to four chicks.

"Scientists have known for years that scarlet macaws hatch more chicks than they fledge," said Dr. Donald Brightsmith, a professor in the VMBS' Department of Veterinary Pathobiology. "We found that 26% of second chicks in scarlet macaw broods and nearly all third and fourth chicks die before fledging.

"We tested several theories as to why these younger chicks don't survive, and we found that it's not sibling rivalry or a lack of food. The parents just stop feeding certain chicks, so they starve to death," he said.

The deciding factor appears to be the difference in chick ages.

"Scarlet macaws lay eggs over a period of several days instead of all at once, which means the chicks don't hatch on the same day," said Dr. Gabriela Vigo-Trauco, a post-doctoral researcher with the Schubot Center for Avian Health, who led the project. "If the second chick hatches only a couple of days after the first, there is a good chance that the parents will feed it. However, if it hatches four, five, or more days after the first chick, the parents will probably neglect it and let it die."

The researchers, who recently published their study in the journal Diversity, suspect that when chicks are young and hatch four or more days apart, they begin to need different types of parental care. For example, some chicks need feeding while others are still incubating, which contributes to the high rates of neglect and starvation.




Armed with this knowledge, the team has developed a method to save neglected chicks by giving them macaw "foster parents."

"Thankfully, scarlet macaws are not endangered or threatened, but there are many parrot species that are," Brightsmith said. "We hope that this foster program will be used to help save the populations of endangered parrot species."

Understanding Brood Reduction

Brood reduction, or eliminating chicks after they hatch, is a common practice among birds.

"Some species of seabirds, like boobies, gulls, and pelicans, have a high degree of sibling rivalry that can lead to death," Vigo-Trauco said. "Eagles, falcons and other species are known to attack and kill their own chicks. Often, parents target the smaller chicks, which are usually younger."

For scarlet macaws, starvation is the cause of 45% of all chick deaths; chicks that hatch third or fourth in a brood always die.




"We wanted to understand what was causing 26% of second chicks to die of starvation," Brightsmith said. "Scientists often point the finger at a lack of resources in the environment, but if it's about conserving resources, then why do scarlet macaws lay so many eggs?"

To rule out lack of resources, Gustavo Martinez, a member of the research team, marked and monitored trees to estimate the amount of fruit -- scarlet macaws' main source of food -- in the forests of the Tambopata National Reserve in Peru where the study was conducted.

"Once a month for several years, he would go out and check about 1,300 trees for fruit and flowers," Brightsmith said. "Looking at the data, we can tell that there were times when food scarcity forced macaws to forgo breeding for a season, but we couldn't find any association with chick starvation."

Catching Macaws In The Act

To see what was happening in scarlet macaw nests, the researchers installed cameras in nest boxes at the Tambopata National Reserve in Peru. For 10 years, they captured video segments showing what was happening to the chicks.

They also accessed the nests and manually checked which chicks had received food, which was how they determined that some chicks were intentionally being starved.

"Scarlet macaws have a food sac on their necks called a crop, and in chicks it's very easy to see when it's full of food," Brightsmith said. "We caught video of female macaws trying to over-feed their oldest chicks while the third chick would be running slowly around the base of the nest with an empty crop, begging for food.

"What's more, the chicks at that age can't regulate their own body temperature, so they need to be in the nest. We saw that the mother won't even share her body heat with her dying offspring," he said. "As scientists, we try not to do what's called anthropomorphizing -- attaching human ideas about morality to animals. But it's hard to watch that and not think of it as parental abuse."

The "abusive behavior" goes even further -- but it seems that macaw parents aren't always on the same page.

"Sometimes the female macaw will start to bury a chick that she's decided not to feed by kicking nest substrate on top of it," Brightsmith said. "But then the father will come home and unbury the chick and feed it. So, they're not always in agreement, which makes the whole process even more complex."

Saving Neglected Chicks

While scarlet macaws have some questionable parenting techniques for their own hatchlings, the good news is they also make excellent foster families for neglected chicks.

As part of her doctoral research, Vigo-Trauco developed a program for saving neglected chicks. The chicks are raised in captivity for a few weeks before being placed in the nests of macaws with chicks at a similar developmental stage or that have lost all their chicks to predation.

The program effectively eliminates the need for different types of parental care and allows the foster parents to raise chicks that would have starved.

"The key to success is making sure that the chicks all look about the same size," she said. "This encourages the new parents to take care of the foster chick as if it were their own."

While the macaws seem to notice that something is different, that doesn't stop them from adopting the foster chick.

"We see them on camera as they land on the nest box, look in, and then look around like they're thinking, 'Did I walk into the wrong house?' It's kind of hilarious," Brightsmith said. "They turn their heads sideways to get a good look at the new chick, think about it for a moment, and then start to feed them."

The foster chick program, published in Diversity in 2021, successfully re-homed 28 chicks over the course of three breeding seasons.

"Parrots are one of the most endangered groups of birds in the world," Brightsmith said. "We hope that this program, and the understanding of brood reduction behind it, can assist with the conservation of a broad array of parrot species across the tropics."
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Elephant turns a hose into a sophisticated showering tool | ScienceDaily
Tool use isn't unique to humans. Chimpanzees use sticks as tools. Dolphins, crows, and elephants are known for their tool-use abilities, too. Now a report in the Cell Press journal Current Biology on November 8, 2024, highlights elephants' remarkable skill in using a hose as a flexible shower head. As an unexpected bonus, researchers say they also have evidence that a fellow elephant knows how to turn the water off, perhaps as a kind of "prank."


						
"Elephants are amazing with hoses," says Michael Brecht of the Humboldt University of Berlin, one of the senior authors. "As it is often the case with elephants, hose tool use behaviors come out very differently from animal to animal; elephant Mary is the queen of showering."

The researchers made the discovery after the paper's other senior author Lena Kaufmann, also of Humbolt University of Berlin, witnessed the Asian elephant Mary at the Berlin Zoo showering one day and captured it on film. She took it back to her colleagues who were immediately impressed. First study author Lea Urban decided to analyze the behavior in more detail.

"I had not thought about hoses as tools much before, but what came out from Lea's work is that elephants have an exquisite understanding of these tools," Brecht says.

The researchers found that Mary systematically showers her body, coordinating the water hose with her limbs. She usually grasps the hose behind its tip to use it as a stiff shower head. To reach her back, she switches to a lasso strategy, grasping the hose farther up and swinging it over her body. When presented with a larger and heavier hose, Mary used her trunk to wash instead of the bulkier and less useful hose.

The researchers say that the findings offer a new example of goal-directed tool use. But what surprised them most was the way fellow Asian elephant Anchali reacted during Mary's showering.

The two elephants showed aggressive interactions around showering time, the researchers say. At one point, Anchali started pulling the hose toward herself and away from Mary, lifting and kinking it to disrupt water flow. While they can't be sure of Anchali's intentions, it looked a lot like the elephant was displaying a kind of second order tool use behavior, disabling a tool in more conventional use by a fellow elephant, perhaps as an act of sabotage.




"The surprise was certainly Anchali's kink-and-clamp behavior," Brecht says. "Nobody had thought that she'd be smart enough to pull off such a trick."

In fact, he reports plenty of debate in the lab about Anchali's behavior and what it meant. Then, they saw Anchali find another way to disrupt Mary's shower. In this case, Anchali did what the researchers refer to as a trunkstand to stop the water flow. For this feat, Anchali places her trunk on the hose and then lowers her massive body onto it.

Brecht explains that the elephants are well trained not to step on hoses, lest the keepers scold them. As a result, he says, they almost never do that. The researchers suspect that's why Anchali has come up with more challenging workarounds to stop the water from flowing during Mary's showers.

"When Anchali came up with a second behavior that disrupted water flow to Mary, I became pretty convinced that she is trying to sabotage Mary," Brecht said.

The findings come as a reminder of elephants' extraordinary manipulative skill and tool use, made possible by the grasping ability of their trunks. The researchers say they now wonder what the findings in zoo elephants mean for elephants in their natural environments.

"Do elephants play tricks on each other in the wild?" Brecht asked. "When I saw Anchali's kink and clamp for the first time, I broke out in laughter. So, I wonder, does Anchali also think this is funny, or is she just being mean?"

This research was funded by the European Research Council.

Video in journal article: https://www.cell.com/current-biology/fulltext/S0960-9822(24)01371-X
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Chimpanzees perform better on challenging computer tasks when they have an audience | ScienceDaily
When people have an audience watching them, it can change their performance for better or worse. Now, researchers reporting in the Cell Press journal iScience on November 8 have found that chimpanzees' performance on computer tasks is influenced by the number of people watching them. The findings suggest that this "audience effect" predates the development of reputation-based human societies, the researchers say.


						
"It was very surprising to find that chimpanzees are affected in their task performance by audience members, and by human audience members nonetheless!" says Christen Lin of Kyoto University in Japan. "One might not expect a chimp to particularly care if another species is watching them perform a task, but the fact that they seem to be affected by human audiences even depending on the difficulty of the task suggests that this relationship is more complex than we would have initially expected."

The researchers, including Shinya Yamamoto and Akiho Muramatsu, wanted to find out if the audience effect, often attributed in humans to reputation management, might also exist in a non-human primate. People, they knew, pay attention to who is watching them, sometimes even subconsciously, in ways that affect their performance. While chimps live in hierarchical societies, it wasn't clear to what extent they, too, might be influenced by those watching them.

"Our study site is special in that chimpanzees frequently interact with and even enjoy the company of humans here, participating almost daily in various touch screen experiments for food rewards," Muramatsu says. "As such, we saw the opportunity to not only explore potential similarities in audience-related effects but also to do so in the context of chimps that share unique bonds with humans."

The researchers made the discovery after analyzing thousands of sessions in which chimpanzees completed a touch screen task over six years. They found in three different number-based tasks that chimpanzees performed better on the most difficult task as the number of experimenters watching them increased. In contrast, they also found that, for the easiest task, chimpanzees performed worse when being watched by more experimenters or other familiar people.

The researchers note that it remains unclear what specific mechanisms underlie these audience-related effects, even for humans. They suggest that further study in non-human apes may offer more insight into how this trait evolved and why it developed.

"Our findings suggest that how much humans care about witnesses and audience members may not be quite so specific to our species," Yamamoto says. "These characteristics are a core part of how our societies are largely based on reputation, and if chimpanzees also pay special attention towards audience members while they perform their tasks, it stands to reason that these audience-based characteristics could have evolved before reputation-based societies emerged in our great ape lineage."
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Insect-killing fungi find unexpected harmony in war | ScienceDaily
University of Maryland entomologists uncovered a unique relationship between two species of fungi known for their ability to invade, parasitize and kill insects efficiently. Instead of violently competing for the spoils of war, the two fungi peacefully cooperate and share their victims.


						
The findings, published in the journal Public Library of Science (PLOS) Pathogens on November 7, 2024, offer insight into some of the biggest evolutionary successes in nature's history, according to study co-authors Raymond St. Leger, a Distinguished University Professor of Entomology, and entomology Ph.D. candidate Huiyu Sheng.

"It's not survival of the fittest in the way we often think of. Sometimes, it's the survival of those who can just get along," St. Leger explained. "Rather than wiping each other out, these fungi apparently evolved sophisticated ways of coexisting -- and we are just beginning to understand that balance."

The study focused on two species of a fungal genus called Metarhizium, which can be found in soil around the world. Members of this fungal group protect plants from damaging abiotic stresses (such as drought or poor nutrients) and harmful insects.

"These microorganisms have been called keystone species because they play crucial roles in both plant health and natural insect population control," St. Leger said. "Our findings may help explain their extraordinary success in ecosystems worldwide."

Using advanced imaging techniques with fluorescent proteins that made the fungi glow red or green, the scientists observed how the fungi interacted when colonizing (infecting, spreading inside and eventually killing) insects. Rather than one strain dominating and excluding the other, the team found that the fungi neatly divided their territory amongst themselves -- quite literally.

When colonizing pests, the two fungal strains showed an uncanny ability to split up their victim. One strain tacitly invaded the front segments of an insect host, while the other colonized the back segments, with the two invaded territories distinctly separated by a remarkably sharp dividing line between them. This pattern held true whether the chosen victim was a large caterpillar weighing ten grams or a tiny fly weighing less than a single milligram.




"The sharpness of the delineation between where one fungus starts and the other ends looks quite bizarre," St. Leger noted. "The borders separating the segments from each other are inexplicably clear."

So, why does this cooperation exist? The researchers believe each strain of fungus adapted their own unique specialties and niches over time, allowing them to partition limited resources.

"It's becoming clear that sometimes the key to evolutionary success isn't outcompeting your rivals -- it's learning to share," St. Leger said.

But just how these fungi orient themselves within their hosts and how they communicate their territorial division remain mysteries. The researchers hope to investigate the mechanisms responsible for these host-sharing strategies and open up new avenues of research on how they could be used to bolster both food security and Earth's biodiversity.

Understanding how different fungal species interact could help scientists and agriculturalists develop better biological pest control methods and strategies to promote plant growth. St. Leger notes that the fungi already show incredible promise in protecting plants from mercury poisoning, enhancing crop growth and killing disease-spreading insects.

"These fungi have shown that they are very adaptable," he said. "They've been doing this for a very long period of time and have thus evolved an arsenal of novel, sophisticated and subtle tricks. They are also very easy to genetically engineer so their applications are limited only by your imagination."
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Memories are not only in the brain, new research finds | ScienceDaily
It's common knowledge that our brains -- and, specifically, our brain cells -- store memories. But a team of scientists has discovered that cells from other parts of the body also perform a memory function, opening new pathways for understanding how memory works and creating the potential to enhance learning and to treat memory-related afflictions.


						
"Learning and memory are generally associated with brains and brain cells alone, but our study shows that other cells in the body can learn and form memories, too," explains New York University's Nikolay V. Kukushkin, the lead author of the study, which appears in the journal Nature Communications.

The research sought to better understand if non-brain cells help with memory by borrowing from a long-established neurological property -- the massed-spaced effect -- which shows that we tend to retain information better when studied in spaced intervals rather than in a single, intensive session -- better known as cramming for a test.

In the Nature Communications research, the scientists replicated learning over time by studying two types of non-brain human cells in a laboratory (one from nerve tissue and one from kidney tissue) and exposing them to different patterns of chemical signals -- just like brain cells are exposed to patterns of neurotransmitters when we learn new information. In response, the non-brain cells turned on a "memory gene" -- the same gene that brain cells turn on when they detect a pattern in the information and restructure their connections in order to form memories.

To monitor the memory and learning process, the scientists engineered these non-brain cells to make a glowing protein, which indicated when the memory gene was on and when it was off.

The results showed that these cells could determine when the chemical pulses, which imitated bursts of neurotransmitter in the brain, were repeated rather than simply prolonged -- just as neurons in our brain can register when we learn with breaks rather than cramming all the material in one sitting. Specifically, when the pulses were delivered in spaced-out intervals, they turned on the "memory gene" more strongly, and for a longer time, than when the same treatment was delivered all at once.

"This reflects the massed-space effect in action," says Kukushkin, a clinical associate professor of life science at NYU Liberal Studies and a research fellow at NYU's Center for Neural Science. "It shows that the ability to learn from spaced repetition isn't unique to brain cells, but, in fact, might be a fundamental property of all cells."

The researchers add that the findings not only offer new ways to study memory, but also point to potential health-related gains.




"This discovery opens new doors for understanding how memory works and could lead to better ways to enhance learning and treat memory problems," observes Kukushkin. "At the same time, it suggests that in the future, we will need to treat our body more like the brain -- for example, consider what our pancreas remembers about the pattern of our past meals to maintain healthy levels of blood glucose or consider what a cancer cell remembers about the pattern of chemotherapy."

The work was jointly supervised by Kukushkin and Thomas Carew, a professor in NYU's Center for Neural Science. The study's authors also included Tasnim Tabassum, an NYU researcher, and Robert Carney, an NYU undergraduate researcher at the time of the study.

This research was supported by a grant from the National Institutes of Health (R01-MH120300-01A1).
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Scientists trained AI to detect faces in pain, in goats | ScienceDaily
The patient arrived with a bladder stone, grimacing in pain and moping about.


						
He wouldn't even chew his cud.

The patient, you see, was a goat. And while treated for his bladder stone -- a common ailment in the small ruminants -- he was also contributing to new research that aims to accurately measure pain not only in goats, but other domestic animals as well and even, one day, in people.

"If we solve the problem with animals, we can also solve the problem for children and other non-verbal patients," said Ludovica Chiavaccini, D.M.V., D.E.S., M.S., a clinical associate professor of anesthesiology in the University of Florida's College of Veterinary Medicine.

Chiavaccini and her colleagues filmed the faces of goats that were in pain and those that were comfortable. Then they fed the data into an artificial intelligence-based model that learned to distinguish goats in pain by their faces alone.

The system, trained and tested on 40 goats so far, was anywhere from 62% to 80% accurate at identifying pained faces, depending on how the scientists tested the model. With data on more goats and other animal species, these kinds of AI models may help clinicians treat pain effectively in patients they can't speak with.

"It's not just an animal-welfare issue," Chiavaccini said. "We also know animals that are in pain don't gain weight and are less productive. Farmers are becoming more and more aware of the need to control acute and chronic pain in animals."

Implementing AI-powered pain scales at veterinary clinics will require more research, but would help solve a longstanding problem in animal care. Pain assessment in animals has historically been both difficult and subjective. Traditionally, veterinarians had to rely on decades of experience to make judgment calls. Researchers have developed standardized pain scales for different species in recent years to reduce subjectivity, but the quality of those measures varies wildly.

When Chiavaccini and her team started the study -- inspired by a graduate student's love of goats -- there wasn't any pain scale available for goats at all. Today, a single pain score for goats exists. But it is only validated for male goats undergoing castration, demonstrating the need for a more generalizable system, Chiavaccini said.

The researchers published their findings Nov. 7 in the journal Scientific Reports.
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Robot learns how to clean a washbasin | ScienceDaily
Robots are supposed to do boring or unpleasant jobs for us. However, tedious tasks such as cleaning the bathroom are challenging to automate. How is it possible to calculate the movement of a robot arm so that it can reach every part of a washbasin? What if the basin has unusually curved edges? How much force should be applied at which point?


						
It would be highly time-consuming to precisely encode all these things in fixed rules and predefined mathematical formulas. A different approach has been taken at TU Wien: a human shows a robot several times what it should do. A specially prepared sponge is used to clean the edge of a sink. By watching the human, the robot learns how cleaning works and can flexibly apply this knowledge to differently shaped objects. The work has now been published at IROS 2024 in Abu Dhabi.

Cleaning, sanding, polishing

Cleaning is just one type of surface treatment. Many other activities that play an essential role in industry are technically very similar -- such as sanding or polishing surfaces, painting, or applying adhesives.

"Capturing the geometric shape of a washbasin with cameras is relatively simple," says Prof Andreas Kugi from the Automation and Control Institute at TU Wien. "But that's not the crucial step. It is much more difficult to teach the robot: Which type of movement is required for which part of the surface? How fast should the motion be? What's the appropriate angle? What's the right amount of force?"

People learn these things through experience and imitation. "In a workshop, someone might look over the apprentice's shoulder and say: You need to press a little harder on that narrow edge," says Christian Hartl-Nesic, head of the Industrial Robotics group in Andreas Kugi's team. "We wanted to find a way to let the robot learn in a very similar way."

The demo version of a cleaning sponge 

A special cleaning tool was developed for this purpose: A cleaning sponge fitted with force sensors and tracking markers was used by humans to repeatedly clean a sink -- but only the front edge. "We generate a huge amount of data from a few demonstrations, which is then processed so that the robot learns what proper cleaning means," explains Christian Hartl-Nesic.




This learning process is made possible by an innovative data processing strategy developed by the research team at TU Wien. It combines several existing techniques from the field of machine learning: The measurement data is first statistically processed, and the results are used to train a neural network to learn predefined movement elements (so-called 'motion primitives'). The robot arm is then optimally controlled to clean the surface.

This innovative learning algorithm enables the robot to clean the entire sink or other objects with a complex surface after the training, even though it has only been shown how to clean a single edge of the sink. "The robot learns that you have to hold the sponge differently depending on the shape of the surface, that you have to apply a different amount of force on a tightly curved area than on a flat surface," explains PhD student Christoph Unger from the Industrial Robotics group.

The vision: all workshop robots learn together

The technology presented applies to many processes, whether sanding wooden workpieces in joineries, repairing and polishing paint damage in vehicle bodies, or welding sheet metal parts in metalworking shops. In the future, the robot could be placed on a mobile platform to be used as a useful helper anywhere in a workshop.

Such robots could then even share their knowledge with other robots. "Let's imagine many workshops use these self-learning robots to sand or paint surfaces. Then, you could let the robots gain experience individually with local data. Still, all the robots could share the parameters they learned with each other," says Andreas Kugi. Private data -- such as the specific shape of a particular workpiece -- would remain private, but essential basic principles would be exchanged to further improve the capabilities of all robots. This is referred to as 'federated learning'.

Numerous tests at TU Wien have proven the sink-cleaning robot's flexibility. The technology is also already causing a stir internationally: At IROS 2024 (14 to 18 October 2024), a conference with over 3,500 submitted scientific papers, TU Wien's work was awarded the 'Best Application Paper Award' and thus voted one of the top innovations of the year.
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DNA evidence rewrites story of people buried in Pompeii eruption | ScienceDaily
Researchers from the University of Florence, Harvard University and the Max Planck Institute for Evolutionary Anthropology in Leipzig have used ancient DNA to challenge long-held interpretations of the people of Pompeii. Contrary to physical appearances, the DNA evidence revealed unexpected variations in gender and kinship, revising the story as written since 1748. The genetic data also underlined the cosmopolitan nature of the Roman Empire, showing that Pompeians were mainly descended from immigrants from the eastern Mediterranean.


						
In 79 AD, Mount Vesuvius experienced one of its most significant eruptions, burying the Roman city of Pompeii and its inhabitants under a thick layer of small stones and ash known as lapilli. Many of Pompeii's inhabitants lost their lives as their homes collapsed under the weight of the lapilli raining down from many kilometres above. Those who survived the initial phase of the eruption eventually succumbed to the dangerous pyroclastic flows. This fast-moving stream of hot gas and volcanic matter instantly enveloped their bodies in a solid layer of ash, effectively preserving their bodies, including their features.

Since the 1800s, casts had been made by pouring plaster into the voids left by these bodies after their decay. The research team extracted DNA from the heavily fragmented skeletal remains embedded in 14 of the 86 famous casts undergoing restoration. This extraction process allowed them to accurately establish genetic relationships, determine sex and trace ancestry. Interestingly, their findings largely contradicted previous assumptions based solely on physical appearance and the positioning of the casts.

Genetic relationships of victims revisited

"This research shows how genetic analysis can significantly add to the stories constructed from archaeological data," says Professor David Caramelli, from the Department of Anthropology at the University of Florence. "The findings challenge enduring notions such as the association of jewellery with femininity or the interpretation of physical proximity as evidence of familial relationships." "Moreover," Caramelli adds, "the genetic evidence adds a layer of complexity to simple kinship narratives. For example, in the House of the Golden Bracelet, the only site where we have genetic information from multiple individuals, the four people traditionally thought to be the two parents and their children actually have no genetic ties to each other."

"The scientific data we provide do not always align with common assumptions," says David Reich of Harvard University. "For instance, one notable example is the discovery that an adult wearing a golden bracelet and holding a child, traditionally interpreted as a mother and child, were an unrelated adult male and child. Similarly, a pair of individuals thought to be sisters, or mother and daughter, were found to include at least one genetic male. These findings challenge traditional gender and familial assumptions."

Cosmopolitan nature of the Roman Empire

The genetic data also provided information about the ancestry of the Pompeians, who had different genomic backgrounds. The finding that they were mainly descended from recent immigrants from the eastern Mediterranean highlights the cosmopolitan nature of the Roman Empire.




"Our findings have significant implications for the interpretation of archaeological data and the understanding of ancient societies," says Alissa Mittnik of the Max Planck Institute for Evolutionary Anthropology. "They highlight the importance of integrating genetic data with archaeological and historical information to avoid misinterpretations based on modern assumptions. This study also underscores the diverse and cosmopolitan nature of Pompeii's population, reflecting broader patterns of mobility and cultural exchange in the Roman Empire."

"It is also likely that the use of these casts for narration purposes could have led to past restorers modifying their postures and placements," adds David Caramelli. "The combined use of genetic data and other bioarchaeological methods provides us with the chance to better comprehend the lives and habits of the victims of the Vesuvius eruption."

Gabriel Zuchtriegel, Director of the Pompeii Park, says, "The Pompeii Park has been including ancient DNA analysis in its study protocols for years, not only for human victims, but also for animal victims." He explains that the Park manages a variety of research projects through its own laboratory. These include isotopic analysis, diagnostics, geology, volcanology and, in particular, reverse engineering. He stresses that "all these elements together contribute to a comprehensive, updated interpretation of the archaeological findings. These efforts are turning Pompeii into a veritable incubator for the development of new methods, resources and scientific comparisons." Zuchtriegel concludes: "From this point of view, this study marks a true change in perspective, in which the site itself plays a central role in advancing archaeology and research."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241107160923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astrophysicists use echoes of light to illuminate black holes | ScienceDaily
A team of astrophysicists, led by scholars from the Institute for Advanced Study, has developed an innovative technique to search for black hole light echoes. Their novel method, which will make it easier for the mass and the spin of black holes to be measured, represents a major step forward, since it operates independently of many of the other ways in which scientists have probed these parameters in the past.


						
The research, published today in The Astrophysical Journal Letters, introduces a method that could provide direct evidence of photons circling black holes due to an effect known as "gravitational lensing."

Gravitational lensing occurs when light passes near a black hole and its path is bent by the black hole's strong gravitational field. The effect allows the light to take multiple paths from a source to an observer on Earth: some light rays might follow a direct route while others could loop around the black hole once -- or multiple times -- before reaching us. This means that light from the same source can arrive at different times, resulting in an "echo."

"That light circles around black holes, causing echoes, has been theorized for years, but such echoes have not yet been measured," says the study's lead author, George N. Wong, Frank and Peggy Taplin Member in the Institute's School of Natural Sciences and Associate Research Scholar at the Princeton Gravity Initiative at Princeton University. "Our method offers a blueprint for making these measurements, which could potentially revolutionize our understanding of black hole physics."

The technique allows the faint echo signatures to be isolated from the stronger direct light captured by well-known interferometric telescopes, such as the Event Horizon Telescope. Both Wong and one of his co-authors, Lia Medeiros, Visitor in the Institute's School of Natural Sciences and NASA Einstein Fellow at Princeton University, have worked extensively as part of the Event Horizon Telescope Collaboration.

To test their technique, Wong and Medeiros, working alongside James Stone, Professor in the School of Natural Sciences, and Alejandro Cardenas-Avendano, Feynman Fellow at Los Alamos National Laboratory and former Associate Research Scholar at Princeton University, ran high-resolution simulations which took tens of thousands of "snapshots" of light traveling around a supermassive black hole akin to that at the center of the M87 galaxy (M87*), which is located around 55 million light-years away from Earth. Using these simulations, the team demonstrated that their method could directly infer the echo delay period in the simulated data. They believe that their technique will be applicable to other black holes, in addition to M87*.

"This method will not only be able to confirm when light orbiting a black hole has been measured, but will also provide a new tool for measuring the black hole's fundamental properties," explains Medeiros.




Understanding these properties is important. "Black holes play a significant role in shaping the evolution of the universe," says Wong. "Even though we often focus on how black holes pull things in, they also eject large amounts of energy into their surroundings. They play a major role in the development of galaxies, affecting how, when, and where stars form, and helping to determine how the structure of the galaxy itself evolves. Knowing the distribution of black hole masses and spins, and how the distribution changes over time, greatly enhances our understanding of the universe."

Measuring the mass or spin of a black hole is tricky. The nature of the accretion disk, namely the rotating structure of hot gas and other matter spiraling inward towards a black hole, can "confuse" the measurement, Wong notes. Light echoes provide an independent measurement of the mass and spin, however, and having multiple measurements allows us to produce an estimate for those parameters "that we can really believe in," states Medeiros.

Detecting light echoes might also enable scientists to better test Albert Einstein's theories of gravity. "Using this technique, we might find things that make us think 'hey, this is weird!'" adds Medeiros. "The analysis of such data could help us to verify whether black holes are indeed consistent with general relativity."

The team's results suggest that it may be possible to detect echoes with a pair of telescopes -- one on Earth and one in space -- working together to perform what can be described as "very long baseline interferometry." Such an interferometric mission need only be "modest," states Wong. Their technique provides a tractable, practical method to gather important, reliable information about black holes.
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