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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.


      
        COVID-19 pandemic worsened patient safety measures, study finds
        A new study has found that the COVID-19 pandemic significantly impacted patient safety indicators in U.S. hospitals. The study examined data from the National Database of Nursing Quality Indicators to assess trends in nursing-sensitive quality indicators from 2019 to 2022. The prevention of these very distressing, uncomfortable conditions is considered to be under the nurse's purview and directly influenced by nursing care.

      

      
        It's not to be. Universe too short for Shakespeare typing monkeys
        It would take far longer than the lifespan of our universe for a typing monkey to randomly produce Shakespeare, a new study reveals.

      

      
        Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists
        Anecdotes abound of wildlife behaving 'drunk' after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists now challenge this assumption. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.

      

      
        Nanoplastics can reduce the effectiveness of antibiotics
        An international research team has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria.

      

      
        Researchers identify 'sweet spot' for safe surgery after heart attack
        New research suggests older adults wait 3-6 months after a heart attack before elective noncardiac surgery to reduce the risk of serious complications like stroke or another heart attack.

      

      
        Solar-powered animal cells
        Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artifici...

      

      
        The roots of fear: Understanding the amygdala
        Treating anxiety, depression and other disorders may depend on the amygdala, a part of the brain that controls strong emotional reactions, especially fear. But a deep understanding of this structure has been lacking. Now scientists have identified new clusters of cells with differing patterns of gene expression in the amygdala of humans and non-human primates. The work could lead to more targeted treatments for disorders such as anxiety that affect tens of millions of people.

      

      
        Study shows natural regrowth of tropical forests has immense potential to address environmental concerns
        A new study finds that up to 215 million hectares of land (an area larger than Mexico) in humid tropical regions around the world has the potential to naturally regrow. That much forest could store 23.4 gigatons of carbon over 30 years and also have a significant impact on concerns like biodiversity loss and water quality. The study showed that more than half of the area with strong potential for regrowth was in five countries: Brazil, Mexico, Indonesia, China, and Colombia. A new global map the ...

      

      
        Complexity of tumors revealed in 3D
        A new analysis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs. The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

      

      
        Healthy brains suppress inappropriate immune responses
        Researchers have found a process by which the brain guards against attack by the immune system. In mice with multiple sclerosis, such 'guardian' proteins that train the immune system were drastically depleted, and replenishing them improved symptoms, according to a new study.

      

      
        Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture
        Geneticists have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analyzing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain. The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestica...

      

      
        'Black box' of stem cell transplants opened in blood study
        New research into the long-term dynamics of transplanted stem cells in a patient's body explains how age affects stem cell survival and immune diversity, offering insights that could make transplants safer and more successful.

      

      
        Discovery illuminates how sleeping sickness parasite outsmarts immune response
        A new study sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed that Trypanosoma brucei essentially plays a game of hide-and-seek by setting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.

      

      
        Breakthrough in magnetism could transform quantum computing and superconductors
        A discovery by physicists is unlocking a new understanding of magnetism and electronic interactions in cutting-edge materials, potentially revolutionizing technology fields such as quantum computing and high-temperature superconductors.

      

      
        Farewell frost! New surface prevents frost without heat
        In a new study, researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

      

      
        Similarities in brain development between marmosets and humans
        In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.

      

      
        A rudimentary quantum network link between Dutch cities
        Researchers have demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fiber, enabling a 25-km quantum link.

      

      
        Spirited off: Key protein aids transport within plant cells
        A team has clarified how in plants the boric acid channels, the conduits for the necessary element boron, are transported to the plasma membrane.

      

      
        Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars
        Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.

      

      
        Sinuses prevented prehistoric croc relatives from deep diving
        Paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.

      

      
        Reactor could make direct air capture more energy efficient
        Researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption and cost for direct air capture.

      

      
        Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that  impact lifespan in both species
        Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach leapfrogs over that standard methodology and identifies a metabolite that may hold promise as a target for aging.

      

      
        Smell loss linked to 100-plus diseases
        Researchers reveal a link between olfactory loss and inflammation in 139 medical conditions. The researchers say loss of smell is an early sign of numerous neurological and bodily diseases.

      

      
        12 new Oriental weevil species discovered using advanced imaging tools
        Two of these new species are present in Japan: Aphanerostethus magnus (Oo-daruma-kuchikakushi-zoumushi) and Aphanerostethus japonicus (Nippon-daruma-kuchikakushi-zoumushi). One of these, Aphanerostethus japonicus, is also found in Yanbaru National Park, Okinawa. This is the first time x-ray microtomography has been used to remove obscuring scales to examine underlying differences in morphology for taxonomic purposes.

      

      
        A navigation system for microswimmers
        By applying an electric field, the movement of microswimmers can be manipulated. Scientists describe the underlying physical principles by comparing experiments and theoretical modeling predictions. They are able to tune the direction and mode of motion through a microchannel between oscillation, wall adherence and centerline orientation, enabling different interactions with the environment.

      

      
        Implantable microparticles can deliver two cancer therapies at once
        Researchers designed tiny particles that can be implanted at a cancer tumor site, where they deliver two types of therapy: heat and chemotherapy.

      

      
        Researchers develop approach to accurately predict pneumonia outcomes
        Doctors struggle to accurately predict pneumonia patients' prognoses and determine the most effective treatments. Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers uncovered five distinct clinical states in pneumonia.

      

      
        Researchers aim to get leg up on bone repair with 3D-printed femur
        Mechanical engineers designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors. The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

      

      
        Paving the way for harvesting and storing solar energy efficiently
        Approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.

      

      
        Transforming patient care: Study finds bedside interdisciplinary rounds boost satisfaction for patients and providers
        A study reveals patients and providers have more positive overall care experiences when the entire healthcare team is a part of bedside interdisciplinary rounds (BIDR).

      

      
        Ultrasound can be used as search and rescue tool for the brain
        Scientists highlighted the potential for ultrasound to treat some of the more complex health conditions affecting the human brain.

      

      
        Computational tool developed to predict immunotherapy outcomes for patients with metastatic breast cancer
        Using computational tools, researchers have developed a method to assess which patients with metastatic triple-negative breast cancer could benefit from immunotherapy.

      

      
        Coastal flooding during hurricanes Helene and Milton tracked
        A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided scientists with essential data from hurricanes Helene and Milton. The app can help inform decisions about policy and resource allocation.

      

      
        The couples who cope together, stay together
        A new study has lifted the lid on how couples living with rheumatoid arthritis cope with the debilitating disease finding that those who cope with problems together had less psychological distress and better relationships.

      

      
        Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity
        A research team has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.

      

      
        New imaging analysis technique revolutionizes diagnostics of head and neck cancers
        A study developed a new technique to accurately analyse the properties of cancer cells and the surrounding tissue at the level of individual cells. This innovation enables a more comprehensive assessment of prognoses and treatment responses in the head and neck cancers, and paves the way for more accurate diagnostics.

      

      
        Subtle eye movements optimize vision
        Our ability to see starts with the light-sensitive photoreceptor cells in our eyes. A specific region of the retina, termed fovea, is responsible for sharp vision. Here, the color-sensitive cone photoreceptors allow us to detect even the smallest details. The density of these cells varies from person to person. Additionally, when we fixate on an object, our eyes make subtle, continuous movements, which also differ between individuals. Researchers have now investigated how sharp vision is linked t...

      

      
        Have we found all the major Maya cities? Not even close, new research suggests
        Researchers used laser-guided imaging to uncover vast unexplored Maya settlements in Campeche, Mexico, revealing more than 6,500 pre-Hispanic structures, including a previously unknown large city with stone pyramids. Their study enhances our understanding of the ancient civilization's extent and complexity in an area largely overlooked by archaeologists.

      

      
        Materials research: Surprise at the grain boundary
        Using state-of-the-art microscopy and simulation techniques, an international research team systematically observed how iron atoms alter the structure of grain boundaries in titanium. They were in for a surprise.

      

      
        More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming
        A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would likely not have occurred without anthropogenic warming.

      

      
        Oceanographers record the largest predation event ever observed in the ocean
        In the largest predation event ever recorded, researchers observed capelin shoaling off the coast of Norway, where a swarm of cod overtook them, consuming over 10 million fish in a few hours. The team hopes to deploy their technique to monitor the large-scale dynamics among other species of fish and track vulnerable keystone species.

      

      
        Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks
        A groundbreaking, nine-year study has revealed that elephants approaching small-scale farms in Kenya avoid beehive fences housing live honey bees up to 86% of the time during peak crop seasons, helping to reduce human-elephant conflict for local farmers and boost income.

      

      
        Scientist on personal mission to improve global water safety makes groundbreaking discovery
        A study shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.

      

      
        Strategy to reduce the amount of propofol waste in the operating room
        Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers have now shown that an alternative method reduces the amount of waste.

      

      
        Newly discovered cyanobacteria could help sequester carbon from oceans and factories
        What if a microbe could help curb the climate crisis? Meet UTEX-3222, aka 'Chonkus,' a cyanobacterium discovered living in the volcanic CO2 seeps off the coast of Vulcano, Sicily. Chonkus is like other photosynthetic cyanobacteria in that it consumes CO2 and incorporates it into its cells. However, what sets UTEX-3222 apart is its rapid, high-density growth, which allows it to consume CO? more efficiently than most other similar currently known cyanobacteria. It is also 5 to 10 times larger than ...

      

      
        Making 'scents' of aromas that differentiate beer and wine
        Today, people increasingly seek non-alcoholic versions of beer or wine. Despite boasting different flavors, these two drinks share many aromas, which makes it difficult to produce alcohol-free versions that mimic the real thing. Researchers report on a literature analysis and experiment to characterize the chemical compounds that give beer and wine their unique fragrances. They say their findings could aid the development of flavorful, non-alcoholic substitutes.

      

      
        Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging
        Weddell seals in Erebus Bay, Antarctica, may look like couch potatoes when they are resting on ice. However, these seals, which are the southernmost population of the southernmost living mammals, are exceptional divers that can reach depths of more than 900 meters and recorded dives lasting 96 minutes, which is well beyond their aerobic threshold. Scientists have identified an optimal and novel dive foraging strategy the seals employ to capture prey in the highly seasonal Antarctic environment wi...

      

      
        Using AI to measure prostate cancer lesions could aid diagnosis and treatment
        Prostate cancer is the second most common cancer in men, and almost 300,000 individuals are diagnosed with it each year in the U.S. To develop a consistent method of estimating prostate cancer size, which can help clinicians more accurately make informed treatment decisions, researchers trained and validated an AI model based on MRI scans from more than 700 prostate cancer patients. The model was able to identify and demarcate the edges of 85% of the most radiologically aggressive prostate lesion...

      

      
        Optimal standing positions and ventilation in airport smoking lounges
        New research shows that not all standing positions in airport smoking lounges are created equal. Scientists found that the thermal environment and positioning of smokers influences how particles settle in the room. Additionally, smokers seated farther from ventilation inlets experience the lowest levels of pollution in the room. The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilati...

      

      
        Ancient gene influences immunity of First Nations Peoples of Oceania
        An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study.
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COVID-19 pandemic worsened patient safety measures, study finds | ScienceDaily

The investigation found that rates of falls, bloodstream infections from central line catheters, urinary tract infections from urinary catheters, pressure injuries from devices or immobility, and pneumonia associated with ventilator use, all increased significantly during the pandemic. While some of these rates have begun to decline, they have not yet returned to pre-pandemic levels. When a patient falls, develops a pressure injury, or suffers a hospital-acquired infection, these adverse events delay the patient's ability to go home, to be comfortable, and to heal.

"The pandemic placed an immense strain on healthcare systems and frontline workers, and the impact on patient safety is evident in these data," said Eileen T. Lake, PhD, RN, FAAN, the Edith Clemmer Steinbright Professor in Gerontology; Professor of Nursing in the Department of Biobehavioral Health Sciences; and Associate Director of CHOPR. "It's crucial that we address the ongoing challenges faced by nurses and invest in this professional workforce."

The study highlights the importance of supporting nurses and ensuring they have the resources and support they need to provide high-quality care. It also underscores the need for continued efforts to improve patient safety indicators even as the pandemic subsides.

Co-authors include: Angela Pascale, PhD, Research Analyst and Nora E. Warshawsky, PhD, RN, NEA-BC, FAAN, Nurse Scientist, both from Press Ganey Associates LLC; Jessica G. Smith, PhD, RN, College of Nursing and Health Innovation at The University of Texas at Arlington; Douglas Staiger, PhD, Department of Economics at Dartmouth College; and Jeannette A. Rogowski, PhD, Health Policy, and Administration at The Pennsylvania State University.
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It's not to be. Universe too short for Shakespeare typing monkeys | ScienceDaily
A monkey randomly pressing keys on a typewriter for an infinite amount of time would eventually type out the complete works of Shakespeare purely by chance, according to the Infinite Monkey Theorem.


						
This widely known thought-experiment is used to help us understand the principles of probability and randomness, and how chance can lead to unexpected outcomes. The idea has been referenced in pop culture from The Simpsons to Hitchhiker's Guide to the Galaxy and on TikTok.

However, a new study reveals it would take an unbelievably huge amount of time -- far longer than the lifespan of our universe, for a typing monkey to randomly produce Shakespeare. So, while the theorem is true, it is also somewhat misleading.

Mathematicians, Associate Professor Stephen Woodcock and Jay Falletta from the University of Technology Sydney (UTS), decided to examine the theorem using instead the limits of our finite universe.

"The Infinite Monkey Theorem only considers the infinite limit, with either an infinite number of monkeys or an infinite time period of monkey labour," said Associate Professor Woodcock.

"We decided to look at the probability of a given string of letters being typed by a finite number of monkeys within a finite time period consistent with estimates for the lifespan of our universe," he said.

The serious but light-hearted study, A numerical evaluation of the Finite Monkeys Theorem, has just been published in the peer-reviewed journal Franklin Open.




For number-crunching purposes, the researchers assumed that a keyboard contains 30 keys including all the letters of the English language plus common punctuation marks.

As well as a single monkey, they also did the calculations using the current global population of around 200,000 chimpanzees, and they assumed a rather productive typing speed of one key every second until the end of the universe in about 10^100 years -- that's a 1 followed by 100 zeros.

The results reveal that it is possible (around a 5% chance) for a single chimp to type the word 'bananas' in its own lifetime. However, even with all chimps enlisted, the Bard's entire works (with around 884,647 words) will almost certainly never be typed before the universe ends.

"It is not plausible that, even with improved typing speeds or an increase in chimpanzee populations, monkey labour will ever be a viable tool for developing non-trivial written works," the authors muse.

"This finding places the theorem among other probability puzzles and paradoxes -- such as the St. Petersburg paradox, Zeno's paradox, and the Ross-Littlewood paradox -- where using the idea of infinite resources gives results that don't match up with what we get when we consider the constraints of our universe," said Associate Professor Woodcock.

In the era of generative AI, the Infinite Monkey Theorem, and its finite version, perhaps also challenge readers to consider philosophical questions around the nature of creativity, meaning and consciousness, and how these qualities emerge.
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Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists | ScienceDaily
Anecdotes abound of wildlife behaving "drunk" after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists challenge this assumption in a review publishing October 30 in the Cell Press journal Trends in Ecology & Evolution. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.


						
"We're moving away from this anthropocentric view that ethanol is just something that humans use," says behavioral ecologist and senior author Kimberley Hockings of the University of Exeter. "It's much more abundant in the natural world than we previously thought, and most animals that eat sugary fruits are going to be exposed to some level of ethanol."

Ethanol first became abundant around 100 million years ago, when flowering plants began producing sugary nectar and fruits that yeast could ferment. Now, it's present naturally in nearly every ecosystem, though concentrations are higher, and production occurs year-round in lower-latitude and humid tropical environments compared to temperate regions. Most of the time, naturally fermented fruits only reach 1%-2% alcohol by volume (ABV), but concentrations as high as 10.2% ABV have been found in over-ripe palm fruit in Panama.

Animals already harbored genes that could degrade ethanol before yeasts began producing it, but there is evidence that evolution fine-tuned this ability for mammals and birds that consume fruit and nectar. In particular, primates and treeshrews have adapted to efficiently metabolize ethanol.

"From an ecological perspective, it is not advantageous to be inebriated as you're climbing around in the trees or surrounded by predators at night -- that's a recipe for not having your genes passed on," says molecular ecologist and senior author Matthew Carrigan of the College of Central Florida. "It's the opposite of humans who want to get intoxicated but don't really want the calories -- from the non-human perspective, the animals want the calories but not the inebriation."

It's unclear whether animals intentionally consume ethanol for ethanol's sake, and more research is needed to understand its impact on animal physiology and evolution. However, the researchers say that ethanol consumption could carry several benefits for wild animals. First and foremost, it's a source of calories, and the odorous compounds produced during fermentation could guide animals to food sources, though the researchers say it's unlikely that animals can detect ethanol itself. Ethanol could also have medicinal benefits: fruit flies intentionally lay their eggs in substances containing ethanol, which protects their eggs from parasites, and fruit fly larvae increase their ethanol intake when they become parasitized by wasps.

"On the cognitive side, ideas have been put forward that ethanol can trigger the endorphin and dopamine system, which leads to feelings of relaxation that could have benefits in terms of sociality," says behavioral ecologist and first author Anna Bowland of the University of Exeter. "To test that, we'd really need to know if ethanol is producing a physiological response in the wild."

There are a lot of unanswered questions regarding the significance of ethanol consumption to wild animals. In their future research, the team plans to investigate the behavioral and social implication of ethanol consumption in primates and to more deeply examine the enzymes involved in alcohol metabolism.

This research was supported by the Primate Society of Great Britain, the Wenner-Gren Foundation, the Canada Research Chairs program, and the Natural Sciences and Engineering Research Council of Canada.
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Nanoplastics can reduce the effectiveness of antibiotics | ScienceDaily
In a recent study, an international research team with significant involvement from MedUni Vienna has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria. The results of the study were recently published in the journal Scientific Reports.


						
In order to investigate whether and how nanoplastic particles in the body interact with antibiotics, the research team led by Lukas Kenner (MedUni Vienna), Barbara Kirchner (University of Bonn) and Oldamur Holloczki (University of Debrecen) linked a common drug with widely used types of plastic. The focus was on the broad-spectrum antibiotic tetracycline, which is used to treat many bacterial infections, such as those of the respiratory tract, skin or intestines. When it came to plastics, the choice fell on polyethylene (PE), polypropylene (PP) and polystyrene (PS), which are ubiquitous components of packaging materials, as well as nylon 6,6 (N66), which is contained in many textiles such as clothing, carpets, sofa covers and curtains. Nanoplastics are smaller than 0.001millimeters and are considered particularly harmful to humans and the environment due to their small size.

Using complex computer models, the team was able to prove that the nanoplastic particles can bind tetracycline and thus impair the effectiveness of the antibiotic. "The binding was particularly strong with nylon," emphasizes Lukas Kenner, pointing out a largely underestimated danger indoors: "The micro- and nanoplastic load is around five times higher there than outdoors. Nylon is one of the reasons for this: it is released from textiles and enters the body via respiration, for example."

Danger of antibiotic resistance

As the study results show, the binding of tetracycline to nanoplastic particles can reduce the biological activity of the antibiotic. At the same time, binding to nanoplastics could lead to the antibiotic being transported to unintended sites in the body, causing it to lose its targeted effect and possibly cause other undesirable effects. "Our finding that the local concentration of antibiotics on the surface of the nanoplastic particles can increase is particularly worrying," reports Lukas Kenner on another detail from the study. This increase in concentration could lead to the development of antibiotic-resistant bacteria. Plastics such as nylon 6,6, but also polystyrene, which bind more strongly to tetracycline, could therefore increase the risk of resistance. "At a time when antibiotic resistance is becoming an ever greater threat worldwide, such interactions must be taken into account," says Kenner.

The study shows that exposure to nanoplastics is not only a direct health risk, but can also indirectly influence the treatment of diseases. "If nanoplastics reduce the effectiveness of antibiotics, the dosage poses a massive problem," says Lukas Kenner with a view to future studies looking at the influence of nanoplastics on other drugs.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241030150657.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers identify 'sweet spot' for safe surgery after heart attack | ScienceDaily
After a heart attack, aging adults face double or triple the risk of life-threatening complications -- like a debilitating stroke or another heart attack -- when they move forward with elective noncardiac surgeries too soon, according to new University of Rochester research published in JAMA Surgery.


						
A deep dive into the Medicare database of 5.2 million surgeries from 2017 to 2020 for patients 67 and older suggests delaying surgery for three to six months following a heart attack, known as a non-ST-segmented elevation myocardial infarction (NSTEMI).

Researchers aim to identify the "sweet spot" for safely scheduling additional surgical procedures in this high-risk population. The study provides valuable analysis to support changes to decision-making guidelines set more than 20 years ago.

"The data physicians are using for patient care decisions today is outdated. Given the advances in care and the ever-changing mix of patients, clinicians need the latest information," said Laurent Glance, MD, lead author and professor of Anesthesiology and Perioperative Medicine and Public Health Sciences at the University of Rochester Medical Center (URMC).

The 2014 American College of Cardiology and American Heart Association perioperative guidelines call for waiting 60 days after a heart attack before undergoing an elective noncardiac surgery. The recommendation was based on a study of 500,000 patients between 1999 and 2004.

Most post-surgical deaths or significant complications occur during the first 30 days of recovery and perioperative teams work diligently to prevent them. This new analysis shows a decline in risk during the first 90 days, when it leveled off for the next 180 days.

Aging patients often have multiple acute or chronic conditions, and physicians are challenged to balance their risk of surgical care with their expectations for quality of life.

"Perioperative teams analyze a variety of health and lifestyle factors when we assess a patient's risk and work to optimize their outcomes," said Marjorie Gloff, MD, a co-author and director of URMC's Center for Perioperative Medicine. "It can be frustrating for individuals who suffer with joint pain to postpone a long-awaited knee or hip replacement after surviving a heart attack."

Additional co-authors include Gloff, Heather Lander, MD, Stewart Lustik, MD, Michael Eaton, MD, Sabu Thomas, MD, of URMC; Mark Sorbero, MS, and Andrew Dick, PhD, of RAND Health; Karen E. Joynt Maddox, MD, MPH, of Washington University; Lee Fleisher, MD, of University of Pennsylvania; and Jingjing Shang, PhD, RN, and Patricia Strong, PhD, RN, of Columbia School of Nursing.

This study was supported by funding from the National Institute of Aging, National Institute of Nursing Research and URMC's Department of Anesthesiology and Perioperative Medicine.
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Solar-powered animal cells | ScienceDaily
Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artificial tissue engineering. Tissues can struggle to grow due to a lack of oxygen, but adding chloroplast-infused cells could enable oxygen and energy to be supplied through light exposure and photosynthesis.


						
Would you like to be solar powered? What if, like plants or algae, just lying around in the sun could help you get energy (and not just because of all the vitamin D)? It may seem like science fiction, but some animals have already tapped into this nifty trick. Giant clams, for example, live in a symbiotic relationship with algae. Algae contain chloroplasts, and so can photosynthesize light into food and oxygen. While the clams provide a home for the algae, the algae provide energy to help their amiable hosts thrive.

However, unlike plants and algae, animal cells do not contain chloroplasts. That is until now, as researchers have demonstrated that it is possible to functionally combine the two.

"As far as we know, this is the first reported detection of photosynthetic electron transport in chloroplasts implanted in animal cells," said Professor Sachihiro Matsunaga of the University of Tokyo, corresponding author of the research paper. Photosynthetic electron transport generates chemical energy and is necessary for numerous cell functions in plants and algae. "We thought that the chloroplasts would be digested by the animal cells within hours after being introduced. However, what we found was that they continued to function for up to two days, and that the electron transport of photosynthetic activity occurred."

The team inserted chloroplasts from red algae into cultured cells derived from hamsters. The researchers examined the structure of the chloroplasts within the cells via several imaging techniques, including confocal microscopy, superresolution microscopy and electron microscopy. They also measured and confirmed that the electron transport of photosynthetic activity was occurring by using pulses of light (a technique called pulse amplitude modulation fluorometry).

"We believe this work will be useful for cellular-tissue engineering," said Matsunaga. "Lab-grown tissues, such as artificial organs, artificial meat and skin sheets, are made of multiple layers of cells. However, there is a problem that they cannot increase in size due to hypoxia (low oxygen levels) inside the tissue, which prevents cell division. By mixing in chloroplast-implanted cells, oxygen could be supplied to the cells through photosynthesis, by light irradiation, thereby improving the conditions inside the tissue to enable growth," he explained.

The team is continuing its research on creating "planimal" cells that can provide the beneficial features of plants to animals. In this study, it found that animal cells which contained chloroplasts experienced an increased cell growth rate, suggesting that the chloroplasts provided a carbon source (fuel) for the host cells. The researchers suggest that future studies could investigate the processes involved in the exchange of substances between the host cell and chloroplasts, as well as what additional substances are produced.

Matsunaga said: "We expect planimal cells to be game-changing cells, which in the future can help us achieve a 'green transformation' to a more carbon-neutral society. We will continue to develop innovative biotechnologies with the aim of realizing a sustainable society and the reduction of carbon dioxide emissions."
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The roots of fear: Understanding the amygdala | ScienceDaily
Treating anxiety, depression and other disorders may depend on the amygdala, a part of the brain that controls strong emotional reactions, especially fear. But a deep understanding of this structure has been lacking. Now scientists at the University of California, Davis have identified new clusters of cells with differing patterns of gene expression in the amygdala of humans and non-human primates. The work could lead to more targeted treatments for disorders such as anxiety that affect tens of millions of people.


						
The work is published Oct. 30 in the American Journal of Psychiatry.

"The amygdala is central to emotion processing in the brain, and is known to contribute to fear and anxiety," said Drew Fox, associate professor in the UC Davis Department of Psychology and senior author on the paper.

For that reason, there has long been interest in whether variations in the size or structure of the amygdala are related to disorders such as anxiety and depression. However, it's increasingly clear that the overall size and structure of the amygdala is not a good predictor of emotional problems in life, Fox said.

Recently, research in rodents has shown that each subregion of the amygdala contains many different cell types with distinct and sometimes opposing functions.

"This suggests that disorders emerge from alterations in specific cell types with distinct roles," Fox said. However, it is challenging to identify such cell types in humans or other primates, leaving the cellular landscape of the primate amygdala largely unexplored.

To address this critical knowledge gap, graduate student Shawn Kamboj led a collaboration between Fox's research group and the lab of Professor Cynthia Schumann at the UC Davis School of Medicine to identify cell types in subregions of the human and non-human primate amygdala, based on the genes they express. This could advance basic research by making it easier to translate results between rodents, non-human primates and humans, and open up new targets for treatment.




Single cell RNA sequencing

The researchers took samples from brains of humans and rhesus macaque monkeys, separated individual cells and sequenced their RNA. This shows which genes are active (being expressed) in a particular cell and allows researchers to sort them into groups based on gene expression.

"We can cluster cells based on their gene expression, identify cell types and their developmental origin," Fox said.

The researchers searched for specific cell types that expressed the genes implicated in anxiety and other disorders in humans. This strategy can help identify cell types that are most likely to give rise to psychopathology, Fox said.

For example, they identified a specific group of cells that expressed a gene called FOXP2. The new study shows that in humans and macaques, FOXP2 is expressed in cells on the edges of the amygdala, called intercalated cells. Excitingly, researchers have demonstrated that in rodents, this small group of FOXP2-expressing cells play a role as "gatekeepers," controlling signal traffic in or out of the amygdala. Together, these data suggest intercalated cells to be a potentially powerful avenue for developing treatments.

The researchers were also able to identify both similarities and differences between cell types in the human and non-human primate amygdala. This is important for understanding how discoveries in animal models of disorders such as anxiety and autism relate to humans.




The approach could help identify cell types as potential drug targets. For example, FOXP2-expressing cells tend to express both anxiety-related genes and a receptor that can be targeted by drugs, called Neuropeptide FF Receptor 2 (NPFFR2). This result can guide the development of new treatment strategies, by suggesting drugs that activate the NPFFR2 pathway as a potential treatment target in relation to anxiety-related disorders.

Anxiety is a complicated disorder that can present in many different ways. With a better understanding of the cell types involved, it may be possible to identify and target "chokepoints" that affect large numbers of people who experience extreme and debilitating anxiety, Fox said.

"Put simply, if we're developing a drug to target the amygdala, we want to know which cell type we are targeting," he said.

Additional authors on the paper are: Erin Carlson, Kari Hanson and Bradley Ander, UC Davis MIND Institute; Julie Fudge, University of Rochester; Melissa Bauman, California National Primate Research Center; Karl Murray, UC Davis School of Medicine. The work was supported by the California National Primate Research Center and grants from the NIH and the Simons Foundation.
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Study shows natural regrowth of tropical forests has immense potential to address environmental concerns | ScienceDaily

"Tree planting in degraded landscapes can be costly. By leveraging natural regeneration techniques, nations can meet their restoration goals cost effectively," says the study's co-lead author, Brooke Williams, a researcher at the Queensland University of Technology, Australia, and the Institute for Capacity Exchange in Environmental Decisions. "Our model can guide where these savings can best be taken advantage of," she says.

A culmination of decades of work

Matthew Fagan, associate professor of geography and environmental systems at University of Maryland, Baltimore County (UMBC) and second author on the new study, developed a data set the authors relied on.

In that work, "We used satellite images to identify millions of small areas where tree cover increased over time. We then excluded the areas planted by humans with machine learning, focusing on natural regrowth," Fagan says. The study tracked regrowth between 2000 and 2012, and then checked if the regrowth was maintained through 2015. "Those natural patches were the input data for this novel study," he says, "the first to predict where future forest regrowth will occur, given observed past regrowth."

The study, co-led by Hawthorne Beyer, head of geospatial science at Mombak, a Brazilian startup which aims to generate high-quality carbon credits through reforestation of the Amazon, and director of science at Institute for Capacity Exchange in Environmental Decisions, also pulled in global data sets describing factors like soil quality, slope, road and population density, local wealth, distance from urban centers and from healthy forest, and more. "Any time you build one of these global studies, you're standing on the backs of so many other scientists," Fagan says. "Each one of these studies represents years of work."

The study found that the factors most strongly associated with high regrowth potential were a patch's proximity to existing forest, the density of nearby forest, and the content of carbon in the soil. Those factors in particular "seem to do a really good job explaining the patterns of regrowth we see across the world," Fagan says. Being close to existing forest, for example, is key to supplying a variety of seeds to the area to support diverse regrowth, Fagan explains.




Keeping it local -- by supplying a global map

The end product of the study is a digital map of the global tropics, where each pixel -- representing 30 x 30 square meters of land -- indicates the estimated potential for regrowth. That map, made possible by an extensive international collaboration of researchers, is a boon to environmentalists worldwide hoping to advocate locally for their efforts.

"Our goal and our hope is that this is used democratically by local people, organizations, and localities from the county level all the way up to the national level, to advocate for where restoration should happen," Fagan says. "The people who live there should be in charge of what happens there -- where and how to restore really depends on local conditions."

Fagan points out that some of the potential regrowth areas the study identified are unlikely to be restored for a variety of reasons, such as being in active use for ranching or crops or located on prime real estate near roads and urban centers. However, a meaningful portion of the 215 million hectares is abandoned and degraded cattle pastures or previously logged forests, where encouraging natural regeneration would have minimal cost to local economies and a long list of benefits.

"If you restored that to rainforest, the benefit to water quality, water provision, local biodiversity, and to soil quality would be immense," Fagan says. "It would also be an immense benefit for pulling carbon out of the atmosphere, so really it's just a question of, 'Where can we do this most efficiently?' That's what this paper is all about."
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Complexity of tumors revealed in 3D | ScienceDaily
A new analysis led by researchers at Washington University School of Medicine in St. Louis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs.


						
The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

The study is part of a group of 12 papers published Oct. 30 in the Nature suite of journals by members of the Human Tumor Atlas Network, a research consortium funded by the National Cancer Institute (NCI) of the National Institutes of Health (NIH). The 3D analysis -- published in Nature -- includes detailed data about breast, colorectal, pancreas, kidney, uterine and bile duct cancers.

The last decade of cancer research has been defined by tremendous advances in understanding the activities of cells in a tumor's environment -- both the cancer itself and its support cells, including on a single-cell level. The new study begins to reveal not just what each cell is up to, but also where each cell is located in the intact tumor and how each interacts with its neighboring cells, whether those cells are next door, down the street or in a completely different neighborhood.

This new information could help scientists understand how tumors spread or develop treatment resistance, to name a few intensive areas of ongoing study.

"These 3D maps of tumors are important because they finally let us see what, until now, we have only been able to infer about tumor structures and their complexity," said co-senior author Li Ding, PhD, the David English Smith Professor of Medicine. "We understood that cancer cells, immune cells and structural cells were all present in the tumor, sometimes protecting the cancer from chemotherapy and immune system attack, but now we can actually see those battle lines. We now have the ability to see how regions of the tumor differ in 3D space and how the behavior changes in response to therapy or when the tumor spreads to other organs. These studies have opened a new era in cancer research with the potential to transform the way we understand and treat cancer in the future."

The study is led by Ding, also a research member of Siteman Cancer Center, based at Barnes-Jewish Hospital and WashU Medicine; and her fellow co-senior authors Feng Chen, PhD, a professor of medicine; Ryan C. Fields, MD, the Kim and Tim Eberlein Distinguished Professor; William E. Gillanders, MD, a professor of surgery, all of WashU Medicine; and Benjamin J. Raphael, PhD, of Princeton University.




3D organization of tumor neighborhoods

In general, the researchers found that tumors had higher metabolic activity -- that is, they burned more fuel -- in their cores and more immune system activity on their edges. They also found that a tumor can contain multiple neighborhoods with different genetic mutations driving the tumor's growth. These neighborhoods are being appreciated for how they lead to treatment response and resistance in various cancer types. This suggests different targeted treatments may be needed to address key mutations in different neighborhoods.

"This understanding of 3D cancer metabolism will affect how our current treatments work, and sometimes don't work, and will lead to development of novel treatments in cancer," said Fields, who treats patients at Siteman. "It really is transformative."

In addition, some tumor neighborhoods can have high immune cell activity -- known as hot regions. The same tumor also can have so-called cold regions that do not have much, if any, immune activity. Hot regions typically respond well to immunotherapies, but cold regions do not, possibly helping to explain why some tumors appear responsive to immunotherapies at first and then develop resistance. If various mutation profiles as well as cold and hot neighborhoods can be identified, it presents the possibility of designing treatment strategies that could be effective against all neighborhoods within the same tumor.

The researchers -- including co-first authors, Chia-Kuei (Simon) Mo and Jingxian (Clara) Liu, both graduate students in Ding's lab -- also found large variation in how deeply immune cells had infiltrated the various tumors and where different immune cell types, such as T cells or macrophages, assembled. Some metastatic tumor samples showed the cancer breaking through immune cell boundaries to continue the invasion of healthy tissue, perhaps illustrating a phenomenon called immune cell exhaustion, in which the immune system is overwhelmed by an aggressive cancer and can no longer contain its growth.

"If we can see exhausted T cells inside a tumor, we could potentially activate those T cells with a checkpoint inhibitor or other immunotherapies," Ding said. "But if we don't see them, we will know certain immunotherapies won't work. These tumor maps can help us predict treatment resistance. We have never been able to talk this way about tumors before -- being able to see that immune cells are present in the tumor, suggesting opportunities to exploit them for treatments."

WashU Medicine researchers led two more studies as part of this package of publications. One, appearing in Nature Cancer and co-led by Ding and Gillanders, provides a detailed analysis of breast cancer, identifying how different types of breast tumors originate from different cell types. The research team also found that T cell exhaustion was common in an aggressive tumor known as triple-negative breast cancer. Knowledge of the "cell of origin" and the immune landscape in breast cancer could help guide future treatment strategies.

The other paper, appearing in Nature Methods and co-led by Ding, of WashU Medicine, and Raphael, of Princeton, describes new methods for 3D analyses of tumors, including those used in the study of the six tumor types that appeared in Nature.
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Healthy brains suppress inappropriate immune responses | ScienceDaily
The brain constantly engages in dialogue with the body's immune system. Such communication appears aimed at ensuring a delicate balance between defending against injury and infection and guarding healthy tissue.


						
Now, scientists at Washington University School of Medicine in St. Louis have revealed how the two strike a healthy balance. The study, in mice, found that fragments of immune-stimulating proteins -- dubbed guardian peptides -- are produced by the brain and spinal cord of the central nervous system to maintain the brain's immune balance and permit a healthy interchange of information with the immune system.

The study, published Oct. 30 in the journal Nature, has the potential to improve treatments for diseases, such as multiple sclerosis (MS) and Alzheimer's disease, among others.

"We have found guardian brain peptides that actively engage with the immune system to keep it in check, possibly preventing destructive immune responses," said Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "We think such peptides help the immune system to maintain a state of 'immune privilege.' We are intrigued by the possibility of developing such proteins from healthy brains into a therapy to suppress inappropriate immune responses and develop better disease-modifying therapies for neuroinflammatory diseases."

Immune surveillance involves a subset of T cells that can initiate an immune response when alerted to a threat. That alert comes in the form of a tiny protein fragment -- a sample of the potential threat -- displayed on the surface of another group of presenting immune cells. If T cells deem the protein fragment threatening, they mount an attack.

The researchers found that guardian peptides were presented by immune cells at the interface of the brain's borders, where they attracted and activated a subset of immune T cells whose function is regulatory, such that these cells dampen abnormal immune reactions.

Min Woo Kim, a graduate student in WashU Medicine's Medical Scientist Training Program and a researcher in the Kipnis lab, examined presenting immune cells from the brain and its associated immune tissues in healthy mice. He found an abundance of brain proteins presented by such cells, with the dominant protein being a component of myelin sheath, the protective cover on neurons that becomes damaged in MS.

The researchers found that in mice with MS, such proteins were drastically depleted. By adding the missing brain-derived peptides through injection of vesicles -- membrane-bound compartments -- into the cerebrospinal fluid of mice with MS, the scientists found that the therapy activated and expanded a subset of suppressor T cells. Motor function improved, and disease progression slowed in the treated mice compared with mice that received control vesicles.

"We have identified a novel process in the brain where the organ actively engages with the immune system to present a healthy image of itself," Kim said. "That image looks different in mice with multiple sclerosis. We think that other neuroinflammatory and even neurodegenerative diseases may have unique protein signatures presented to the immune system, opening the exciting possibility of using such signatures as a diagnostic tool for early diagnosis."

WashU Medicine collaborators on the study include Cheryl Lichti, PhD, an associate professor of pathology & immunology; Clair Crewe, PhD, an assistant professor of cell biology & physiology; Maxim N. Artyomov, PhD, the Alumni Endowed Professor of Pathology & Immunology; and the late Emil R. Unanue, PhD, who died before seeing the study's completion. Unanue, a 1995 Albert Lasker Basic Medical Research Award winner, was a pioneer in describing the interactions between T cells and presenting cells that make it possible for the former to recognize and respond to foreign invaders.
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Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture | ScienceDaily
Geneticists from Trinity College Dublin, together with an international team of researchers, have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analysing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain.


						
The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestication that today their descendants make up a third of the world's mammalian biomass.

Dr Conor Rossi, Trinity, first author of the article that has just been published in leading international journal Nature Communications, said: "The aurochs went extinct approximately 400 years ago, which left much of their evolutionary history a mystery. However, through the sequencing of ancient DNA, we have gained detailed insight into the diversity that once thrived in the wild as well as enhanced our understanding of domestic cattle."

Although fossils of aurochs found in Europe date back 650,000 years ago, about the time archaic species of human appeared in the continent, animals from the east and west extremes of Eurasia share a much more recent common ancestry, pointing toward a replacement around 100,000 years ago, probably by migrations out of a southern Asian homeland.

In an echo of human prehistory, this replacement was not complete, with traces of earlier ancestry surviving in European aurochs.

Dr Mikkel Sinding, co-author and postdoctoral researcher in the Department of Biology, University of Copenhagen, said: "We normally think of the European aurochs as one common form or type, but our analyses suggest there were three distinct aurochs populations alone in Europe -- a Western European, an Italian, and a Balkan. There was thus a greater diversity in the wild forms than we had ever imagined."

Intriguingly, climate change also wrote its signature in aurochs genomes in two ways:

First, European and north Asian genomes separated and diverged at the beginning of the last ice age, around 100,000 years ago, and did not seem to mix until the world warmed up again at its end. And second, genome-estimated population sizes dropped in the glacial period, with a more pronounced hard time endured by European herds. These lost the most diversity when they retreated to separated refugia in southern parts of the continent before repopulating it again afterwards.




The most pronounced drop in genetic diversity occurs between the period when the aurochs of southwest Asia were domesticated in the north of the Fertile Crescent, just over 10,000 years ago, to give the first cattle. Remarkably only a handful of maternal lineages (as seen via mitochondrial DNA which is handed down via mothers to their offspring) come through this process into the cattle gene pool.

"Although Caesar exaggerated when he said it was like an elephant, the wild ox must have been a highly dangerous beast and this hints that its first capture and taming must have happened with only a very few animals," said Dan Bradley, Professor in Trinity's School of Genetics and Microbiology, who led the study.

"However, the narrow genetic base of the first cattle was augmented as they first travelled with their herders west, east and south. It is clear that there was early and pervasive mating with wild aurochs bulls, leaving a legacy of the four separate preglacial aurochs ancestries that persists among the domestic cattle of today."
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'Black box' of stem cell transplants opened in blood study | ScienceDaily
For the first time, scientists have tracked what happens to stem cells decades after a transplant, lifting the lid on the procedure that has been a medical mystery for over 50 years.


						
Insights could pave the way for new strategies in donor selection and transplant success, potentially leading to safer, more effective transplants.

Researchers from the Wellcome Sanger Institute and their collaborators at the University of Zurich were able to map the behaviour of stem cells in recipients' bodies up to three decades post-transplant, providing the first-ever glimpse into the long-term dynamics of these cells.

The study, published today (30 October) in Nature and part-funded by Cancer Research UK, reveals that transplants from older donors, which are often less successful, have ten times fewer vital stem cells surviving the transplant process. Some of the surviving cells also lose the ability to produce the range of blood cells essential for a robust immune system.

Over a million people worldwide are diagnosed with blood cancer each year1, including cancers such as leukaemia and lymphoma, which can stop a person's immune system working properly. Stem cell transplants, also known as bone marrow transplants, are often the only curative treatment option for patients. The procedure replaces a patient's damaged blood cells with healthy stem cells from a donor, which then rebuild the patient's entire blood and immune system. In the UK alone, over 2,000 people undergo this procedure each year2.

Despite being performed for over 50 years, many fundamental questions about how transplants work have remained unanswered. While they can be life-saving, outcomes vary widely, leaving many patients facing complications years later. Donor age has been known to impact success rates3, but what happens at the cellular level following a transplant has been a 'black box', until now.

In this new study, researchers from the Wellcome Sanger Institute and the University of Zurich used advanced genome sequencing techniques to analyse blood samples from ten donor-recipient sibling pairs up to 31 years post-transplant4.




By analysing the mutations that occur throughout life in the donor and recipient's stem cells, they could track how many stem cells had survived the transplant process and continued to produce new blood cells in the patient's body -- an approach previously impossible.

The team discovered that in transplants from younger donors -- those in their 20s and 30s -- about 30,000 stem cells survive long-term, compared to only 1-3,000 in older donors. This drop could lead to reduced immunity and higher relapse risk, potentially explaining why younger donors often result in better outcomes.

They also found that the transplant process ages the blood system in recipients by about10-15 years compared to the matched donors, primarily due to lower stem cell diversity.

Surprisingly, despite the intense stress of the transplant process, stem cells gain few new genetic mutations as they rapidly divide to rebuild the patient's blood. This challenges previous assumptions about high mutation rates during transplantation.

The study also identified other genetic factors regardless of the donor's age that help certain stem cells thrive following transplant5. This range of genetic advantages could lead to the development of better treatments, making transplants safer and more effective for a wider range of patients.

Dr Michael Spencer Chapman, first author of the study at the Wellcome Sanger Institute, said: "When you receive a transplant, it's like giving your blood system a fresh start, but what actually happens to those stem cells? Until now, we could only introduce the cells and then just monitor the blood counts for signs of recovery. But in this study we've traced decades of changes in one single sample, revealing how some cell populations fall away while others dominate, shaping a patient's blood over time. It is exciting to understand this process in such detail."

Dr Markus Manz, senior author of the study at the University of Zurich, said: "The research highlights that age is more than just a number -- it's an important factor in transplant success. Although the hematopoietic stem cell system is amazingly stable over time, younger donors generally supply a larger and more diverse range of stem cells, which might be crucial for patients' long-term recovery. We hope to continue exploring other factors that affect long-term hematopoietic stem cell dynamics in order to fine-tune both donor selection as well as recipient bone-marrow environments for optimal long-term stem cell function."

Dr Peter Campbell, senior author of the study at the Wellcome Sanger Institute, said: "The transplant process forces blood and immune cells through a type of genetic 'bottleneck'. Our new approach allows us to investigate this bottleneck phenomenon more closely. We find that the bottleneck provides multiple different opportunities for some stem cells to thrive more than others in their new environment in the recipient. We believe it will be possible to find the genes responsible for enabling some stem cells to thrive better than others -- these genes could then in theory be harnessed to improve the success of the transplant procedure."
    	https://www.worldwidecancerresearch.org/information-and-impact/cancer-myths-and-questions/what-is-blood-cancer-and-why-do-we-need-more-research/#:~:text=Blood%20cancers%20are%20the%20fifth,were%20diagnosed%20worldwide%20in%202020
    	https://www.blood.co.uk/news-and-campaigns/news-and-statements/nhsbt-celebrates-stem-cell-donors-and-transplants/
    	https://www.anthonynolan.org/blog/2018/02/23/research-shows-donor-age-most-important-in-stem-cell-transplant-survival
    	In the study, the donor is considered the 'control'. By comparing the genetic changes in both donor and recipient blood samples through whole genome sequencing, the team reconstructed their evolutionary history to understand how the cells have adapted and changed since the transplant. These samples were taken between 9 to 31 years post-transplant.
    	Some stem cells had advantages before the transplant, allowing them to better adapt to their new environment in the recipient's body. These included better survival during harvesting or preparation, while others gained an edge after transplant due to genetic mutations that allowed them to thrive in the recipient's bone marrow. Understanding these patterns could help doctors improve the transplant process and better select which stem cells are likely to succeed, regardless of the donor's age.
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Discovery illuminates how sleeping sickness parasite outsmarts immune response | ScienceDaily
A new study led by researchers at the Johns Hopkins Bloomberg School of Public Health sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed thatTrypanosoma brucei essentially plays a game of hide-and-seek bysetting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.


						
The discovery, reported October 30 in Nature, could potentially pave the way for understanding the immune response to other pathogens.

African sleeping sickness -- also known as human African trypanosomiasis -- is a neglected tropical disease that is usually fatal to humans if untreated. While treatment campaigns and tsetse fly control efforts have helped control human African trypanosomiasis, T. brucei remains a major problem for African farmers, killing an estimated three million cattle per year.

The T. brucei parasite constantly changes a surface coat made up of millions of copies of a single protein -- the variant surface glycoprotein (VSG). Once one VSG has been recognized by a host's antibody response, the parasite has already "switched" to a new one, which the immune system hasn't spotted yet. By changing which of these variant genes is active, the parasite can alter its appearance enough to evade its host's immune response for long periods.

The T. brucei parasite, after entering the bloodstream via a tsetse fly bite, also infects tissues outside the bloodstream. The function of this "extravascular" home for the parasite had previously been unclear. To get a fuller understanding of how T. brucei evades the immune system, the researchers used a customized RNA sequencing method to catalog the distinct VSG types that appeared over time during T. brucei infections in mice.

The researchers discovered that the vast majority of VSGs arose in tissues rather than in the bloodstream. They also found that parasite clearance by the immune system is slower in tissues. Their findings suggest that moving from the bloodstream into extravascular spaces gives T. brucei important "breathing room" in which to generate enough VSG variants to survive long-term in hosts, ensuring continued transmission.

"This work sets the stage for a new way of thinking about immune evasion in T. brucei infection and potentially other chronic infections," says study senior author Monica Mugnier, PhD, associate professor in the Bloomberg School's Department of Molecular Microbiology and Immunology.




The study's first author, Alexander Beaver, PhD, was a doctoral candidate in the Mugnier laboratory at the time of the study.

Transmitted by the tsetse fly, T. brucei parasites are found in many parts of sub-Saharan Africa. Many wild mammals in Africa harbor the parasite without showing signs of disease, and thus serve as reservoirs. In humans, and in livestock such as cattle, sheep, and goats, T. brucei infection can cause a chronic disease that, in later stages, involves severe lethargy and other neurological symptoms.

The parasite enters its mammalian hosts via the bloodstream during a tsetse fly bite, and usually exits the same way. Why T. brucei spreads from the blood into extravascular spaces has been an unresolved question. In the study, Mugnier and her team used their own VSG-targeted RNA-sequencing method to record the expression of different VSGs over time in T. brucei parasites recovered from both the blood and tissues of infected mice.

They showed that once an infection had been established for more than a week or so, the number of detectable VSGs in mouse tissues was, on average, several times higher than the number in blood. Thus, the bulk of VSG diversity -- the key determinant of the pathogen's ability to evade the immune response -- was seen in tissues, not blood. This was the case whether the mice were infected by needle or by tsetse fly bite.

When the researchers tracked specific VSGs from initial infection, they found that immune clearance of parasites bearing these VSGs occurred significantly later in tissues than in blood. Similarly, when they used mice engineered so that tissue clearance of the parasite was further delayed, tissue VSG diversity was correspondingly greater.

The results overall suggest that T. brucei uses tissues as relatively protected spaces in which it can survive longer, generating a greater diversity of variants, and potentially re-seeding the bloodstream with these variants -- faster than the immune system can keep up.




"Tissues were once thought to be incidental sites of infection for T. brucei, but it now appears that they might play an important role in maintaining a long-term infection for this parasite, while the bloodstream may serve more as a highway system for movement between tissues and for eventual transmission back into the tsetse fly," Mugnier says.

This new model suggests in turn, she adds, that disrupting T. brucei's ability to spread from blood to tissues could be enough to allow the immune system to catch up and terminate infection, and thus could be a valuable new treatment strategy.

Mugnier and colleagues also suspect that this exploitation of extravascular spaces may be a tactic used by other pathogens -- the Lyme disease bacterium, for example -- to establish chronic infections.

"T. brucei infection could turn out to be a useful model for understanding why extravascular spaces are less efficient at pathogen clearance and how some pathogens exploit that," Mugnier says.

Support for the study was provided by the National Institutes of Health (T32AI007417, T32OD011089, 1K99GM132557-01, DP5OD023065, R01AI58805), the Chan Zuckerberg Initiative, the German Research Foundation and the European Research Council.
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Breakthrough in magnetism could transform quantum computing and superconductors | ScienceDaily
A discovery by Rice University physicists and collaborators is unlocking a new understanding of magnetism and electronic interactions in cutting-edge materials, potentially revolutionizing technology fields such as quantum computing and high-temperature superconductors. Led by Zheng Ren and Ming Yi, the research team's study on iron-tin (FeSn) thin films reshapes scientific understanding of kagome magnets -- materials named after an ancient basket-weaving pattern and structured in a unique, latticelike design that can create unusual magnetic and electronic behaviors due to the quantum destructive interference of the electronic wave function.


						
The findings, published in  Nature Communications  Oct. 30, reveal that FeSn's magnetic properties arise from localized electrons, not the mobile electrons scientists previously thought. This discovery challenges existing theories about magnetism in kagome metals in which itinerant electrons were assumed to drive magnetic behavior. By providing a new perspective on magnetism, the research team's work could guide the development of materials with tailored properties for advanced tech applications such as quantum computing and superconductors.

"This work is expected to stimulate further experimental and theoretical studies on the emergent properties of quantum materials, deepening our understanding of these enigmatic materials and their potential real-world applications," said Yi, an associate professor of physics and astronomy and Rice Academy Senior Fellow.

Using an advanced technique that combines molecular beam epitaxy and angle-resolved photoemission spectroscopy, the researchers created high-quality FeSn thin films and analyzed their electronic structure. They found that even at elevated temperatures, the kagome flat bands remained split, an indicator that localized electrons drive magnetism in the material. This electron correlation effect adds a new layer of complexity to understanding how electron behavior influences magnetic properties in kagome magnets.

The study also revealed that some electron orbitals showed stronger interactions than others, a phenomenon known as selective band renormalization previously observed in iron-based superconductors, offering a fresh perspective on how electron interactions influence the behavior of kagome magnets.

"Our study highlights the complex interplay between magnetism and electron correlations in kagome magnets and suggests that these effects are non-negligible in shaping their overall behavior," said Ren, a Rice Academy Junior Fellow.

Beyond advancing the understanding of FeSn, the research has broader implications for materials with similar properties. Insights into flat bands and electron correlations could influence the development of new technologies such as high-temperature superconductors and topological quantum computation, where the interplay of magnetism and topological flat bands generates quantum states that can be used as quantum logic gates.

Rice researchers who collaborated on this study include Department of Physics and Astronomy postdoctoral associates and graduate students Jianwei Huang, Ananya Biswas, Yichen Zhang, Yaofeng Xie, Ziqin Yue, Lei Chen, Fang Xie, Kevin Allen, Han Wu and Qirui Ren; Junichiro Kono, the Karl F. Hasselmann Professor of Engineering and director of the Smalley-Curl Institute; Emilia Morosan, professor of physics and astronomy, chemistry and materials science and nanoengineering; Qimiao Si, the Harry C. and Olga K. Wiess Professor of Physics and Astronomy; and Pengcheng Dai, the Sam and Helen Worden Professor of Physics and Astronomy.

Collaborators from around the world include Hengxin Tan and Binghai Yan of the Department of Condensed Matter Physics at Weizmann Institute of Science; Aki Pulkkinen and Jan Minar of the New Technologies Research Center, University of West Bohemia; Anil Rajapitamahuni, Asish K. Kundu and Elio Vescovo of the National Synchrotron Light Source II, Brookhaven National Lab; and Jian-Xin Zhu of the Theoretical Division and Center for Integrated Nanotechnologies at Los Alamos National Laboratory.

The U.S. Department of Energy, Robert A. Welch Foundation, Gordon and Betty Moore Foundation's EPiQS Initiative, Rice Academy of Fellows, Air Force Office of Scientific Research and Vannevar Bush Faculty Fellowship supported this study.
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Farewell frost! New surface prevents frost without heat | ScienceDaily
Someday, people might finally say goodbye to defrosting the freezer or scraping frost off slippery surfaces. Northwestern University engineers have developed a new strategy that prevents frost formation before it begins.


						
In a new study, the researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

As an added bonus, the new scalable surface design also is resistant to cracks, scratches and contamination.

By incorporating the textured surface into infrastructure, the researchers imagine companies and government agencies could save billions of dollars per year in averted maintenance costs and energy inefficiencies.

The research will be published on Wednesday (Oct. 30) in the journal Science Advances.

"Unwanted frost accumulation is a major concern across industrial, residential and government sectors," said Northwestern's Kyoo-Chul Kenneth Park, who led the study. "For example, the 2021 power crisis in Texas cost $195 billion in damages, resulting directly from frost, ice and extreme cold conditions for more than 160 hours. Thus, it is critical to develop anti-frosting techniques, which are robust for long periods of time in extreme environmental conditions. It is also necessary to develop anti-frosting methods which are easy to fabricate and implement. We designed our hybrid anti-frosting technique with all of these needs in mind. It can prevent frosting for potentially weeks at a time and is scalable, durable and easily fabricated through 3D printing."

Park is an assistant professor of mechanical engineering at Northwestern's McCormick School of Engineeringand a faculty affiliate of the Paula M. Trienens Institute for Sustainability and Energy and the International Institute for Nanotechnology.




Leaf-inspired discovery

The new study builds upon previous work from Park's laboratory. In 2020, Park and his team discovered that adding millimeter-scale textures to a surface theoretically reduced frost formation by up to 80%. Published in the Proceedings of the National Academy of Sciences, the research was inspired by the rippling geometry of leaves.

"There is more frost formation on the convex regions of a leaf," Park said at the time. "On the concave regions (the veins), we see much less frost. People have noticed this for several thousands of years. Remarkably, there was no explanation for how these patterns form. We found that it's the geometry -- not the material -- that controls this."

Through experimental work and computation simulations, Park and his collaborators found that condensation is enhanced on the peaks and suppressed in the valleys of wavy surfaces. The small amount of condensed water in the valleys then evaporates, resulting in a frost-free area.

Graphene-oxide trapping power

In the previous study, Park's team developed a surface featuring millimeter-scale peaks and valleys with small angles in between. In the new study, Park's team added graphene oxide on flat valleys, which reduced frost formation by 100% in those valleys. The new surface comprises tiny bumps, with a peak-to-peak distance of 5 millimeters. Then a thin layer of graphene oxide, just 600 microns thick, coats the valleys between peaks.




"Graphene oxide attracts water vapor and then confines water molecules within its structure," Park said. "So, the graphene oxide layer acts like a container to prevent water vapor from freezing. When we combined graphene oxide with the macrotexture surface, it resisted frost for long times at high supersaturation. The hybrid surface becomes a stable, long-lasting, frost-free zone."

When compared to other state-of-the-art anti-frosting surfaces, Park's method was the clear winner. While superhydrophobic (water repelling) and lubricant-infused surfaces resisted 5-36% of frost formation for up to 5 hours, Park's surface resisted 100% of frost formation for 160 hours.

"Most other anti-frosting surfaces are susceptible to damage from scratches or contamination, which degrades surface performance over time," Park said. "But our anti-frosting mechanism demonstrates robustness to scratches, cracks and contaminants, extending the life of the surface."

Why it matters

This hybrid macrotexture-graphene oxide surface offers a promising solution for preventing frost formation in various applications. Most people only worry about frost when it coats their car windshield or kills their outdoor plants. But frost is more than a nuisance.

Frost on airplane wings can create drag, making flights dangerous or even impossible. When accumulating inside freezers and refrigerators, frost greatly reduces energy efficiency in appliances. Frost can add too much weight to power lines, leading to breakage and, ultimately, power outages. It also can impair sensors on vehicles, harming their ability to accurately detect objects.

"Developing new anti-frosting techniques is crucial to preventing costly mechanical failures, energy inefficiencies and safety hazards for critical operations," Park said. "There currently is no 'one-size-fits-all' approach because every application has specific needs. Although airplanes only require seconds of frost resistance, powerlines operating in cold environments might require days or weeks of frost resistance, for example. With our new insights, we could design powerlines and airplane wings with reduced ice adhesion. These types of alterations would greatly reduce yearly maintenance costs."

The study, "Robust hybrid diffusion control for long-term scalable frost prevention," was partially supported by the National Science Foundation (grant number CBET-2337118) and the Korea Institute for Science and Technology (grant number 2E32527).
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Similarities in brain development between marmosets and humans | ScienceDaily
In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.


						
The development of primate brains is shaped by various inputs. However, these inputs differ between independent breeders, such as great apes, and cooperative breeders, such as the common marmoset (Callithrix jacchus) and humans. In these species, group members other than the parents contribute substantially to raising the infants from birth onwards.

A group of international researchers led by Paola Cerrito from the University of Zurich's Department of Evolutionary Anthropology studied how such social interactions map onto brain development in common marmosets. The study provides new insights into the relationship between the timing of brain development and the socio-cognitive skills of marmosets, in particular their prosocial and cooperative behaviors.

Prolonged learning from social interactions 

The research team analyzed brain development using magnetic resonance data and showed that in marmosets, the brain regions involved in the processing of social interactions exhibit protracted development -- in a similar way to humans. These brain regions only reach maturity in early adulthood, allowing the animals to learn from social interactions for longer.

Like humans, immature marmosets are surrounded and cared for by multiple caregivers from birth and are therefore exposed to intense social interaction. Feeding is also a cooperative business: the immature animals are fed by group members and as they get older, they have to beg for food because their mothers are already busy with the next offspring. According to the study, the need to elicit care from several group members significantly shapes brain development and contributes to the sophisticated socio-cognitive motivation (and observed skills) of these primates.

A model for human evolution

Given their similarities with humans, marmosets are an important model for studying the evolution of social cognition. "Our findings underscore the importance of social experiences to the formation of neural and cognitive networks, not only in primates, but also in humans," explains Cerrito.

The early-life social inputs that characterize infants' life in cooperatively breeding species may be a driving force in the development of humans' marked social motivation. "This insight could have an impact on various fields, ranging from evolutionary biology to neuroscience and psychology," adds Cerrito.
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A rudimentary quantum network link between Dutch cities | ScienceDaily
An international research team led by QuTech has demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fibre, enabling a 25 km quantum link. The researchers published their findings in Science Advances.


						
The internet allows people to share information (bits) globally. A future quantum internet will enable sharing quantum information (qubits) over a new type of network. Such qubits can not only take the values 0 or 1, but also superpositions of those (0 and 1 at the same time). In addition, qubits can be entangled, which means they share a quantum connection enabling instant correlations, no matter the distance.

Researchers around the globe are working to build quantum networks that make use of these features to offer fundamentally new communication and computing capabilities, in coexistence with the current internet. For example, qubits can generate secure encryption keys for safely sharing financial or medical data. Quantum links can also connect distant quantum computers, enhancing their power and allowing access with full privacy for users.

Moving out of the lab

An international team led by Ronald Hanson at QuTech -- a collaboration between the TU Delft and TNO -- was able to connect two small quantum computers between the Dutch cities of Delft and The Hague. "The distance over which we create quantum entanglement in this project, via 25 km of deployed underground fiber, is a record for quantum processors," says Hanson. "This is the first time such quantum processors in different cities are connected."

A few years ago the team reported the first multi-node quantum network inside the lab. "We were faced with new major challenges in going from these lab experiments to realizing a quantum link between cities. We had to design a flexible system that lets the nodes work independently over long distances, we needed to mitigate the impact of photon loss on the connection speed, and we had to ensure reliable confirmation each time the entanglement link was successfully created. Without these innovations, such a large distance would not have been possible."

'Like keeping the moon at a constant distance'

To tackle the challenge of photon loss, the team established the quantum connection using a photon-efficient protocol that required very precise stabilization of the connecting fiber link. Co-author Arian Stolk explains using an analogue: "The link needed to be stable well within the wavelength of the photons (smaller than a micrometer) over 25 kilometer of optical fiber. That challenge compares to keeping the distance between the earth and the moon constant with the accuracy of only a few millimeter. Through a combination of research insights and applied engineering, we were able to solve this puzzle."




"In this work, we demonstrate successful entanglement between two quantum network nodes containing diamond spin qubits. The independently operated nodes are connected through a midpoint station via optical fiber. We were able to reliably deliver a pre-specified entangled state between the nodes."

Collaboration between academia and industry

Co-author Kian van der Enden explains how indispensable the broad expertise of the team was for the success of the project: "Fraunhofer ILT developed a critical component for this demonstration, a new type of quantum frequency converter. OPNT delivered state-of-the-art timing hardware, Element Six provided its engineered synthetic diamond materials and Toptica developed high-stability lasers. Finally, Dutch telecom provider KPN provided the fiber infrastructure as well as the locations of the nodes, the midpoint, and the node in The Hague."

Solid foundation for European quantum internet

This result is an important milestone that addresses key scaling challenges for future quantum networks. Jesse Robbers, Director Industry & Digital Infrastructure of Quantum Delta NL that co-funded the research, adds: "We continue to show leadership in the development of the future fundament of our Digital Infrastructure and how to make it applicable, which is the core of the national and European strategy."

The architecture and methods are directly applicable to other qubit platforms, including the next-generation scalable qubits that the team is currently developing. The successful use of deployed, conventional internet infrastructure sets the stage for a new phase on the road towards a quantum internet. Hanson: "This work marks the crucial step out of the research lab into the field, enabling exploration of first quantum processor networks at metropolitan scale."
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Spirited off: Key protein aids transport within plant cells | ScienceDaily
Botanists have come to understand the channels and transporters involved in the uptake and transport of nutrients, yet how are they positioned where they need to be?


						
For example, plants need boron, which is taken into the cells by molecules known as the boric acid channel. But how do the proteins that form the channel make it to the plasma membrane?

A research group led by Professor Junpei Takano of Osaka Metropolitan University's Graduate School of Agriculture identified a mutant line of Arabidopsis thaliana in which the boric acid channels are not properly transported to the plasma membrane. The cause was a deficiency in the protein KAONASHI3 (KNS3); the name kaonashi (Japanese for "faceless") was given in 2008 by a research team under Nagoya University Associate Professor Sumie Ishiguro, who is also an author of the current study.

Detailed examination of the transport process of boric acid channels revealed that KNS3 and homologue proteins dubbed KNSTH1 and KNSTH2 are likely to form a protein complex. These complexes help move the boric acid channels from the endoplasmic reticulum to the Golgi apparatus, then to the plasma membrane.

In addition, the pollen of Arabidopsis thaliana usually has a surface with patterns like muskmelon skin, but this pattern disappears -- becomes faceless -- in mutant strains that lack the protein-encoding function of the KNS3 gene, which is involved in pollen exine formation. This feature might be due to abnormal transport of a protein other than that for the boric acid channel.

"Based on the mechanism of intracellular transport of membrane proteins revealed in this study, plants might regulate nutrient uptake and pollen structure by regulating the intracellular transport of specific proteins via the KNS3-KNSTH1-KNSTH2 complex," stated Professor Takano. "Our results might help uncover ways to reduce fertilizer requirements while improving crop yields."

The findings are published in the Journal of Experimental Botany.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241029213950.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars | ScienceDaily
Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.


						
It is widely believed that brass bands originated with coal miners and other industrial communities in northern England and Wales between the 1830s and the 1850s. New evidence rewrites this history.

A University of Cambridge historian has found compelling evidence to show that Britain's earliest brass bands were founded by military musicians in the 1810s.

In a study published today in The Historical Journal, Dr Eamonn O'Keeffe argues that regimental bands first experimented with all-brass formats in the aftermath of the Napoleonic Wars.

While wartime bands included woodwind instruments such as clarinets and bassoons, O'Keeffe points out that the 15th Regiment of Foot had already organized a bugles-only band by 1818 and that numerous regiments had established all-brass bands by 1830, taking advantage of new instrument designs developed at home and in Continental Europe. The Life Guards, for example, performed on valved trumpets gifted by the Russian Czar. Local defence units also mustered brass bands, including a volunteer rifle corps in Paisley (1819) and yeomanry troops in Devon (1827) and Somerset (1829).

O'Keeffe also shows that veterans of the Napoleonic wars founded many of Britain's earliest non-military brass bands from the 1820s onwards. These ensembles often emerged far beyond the northern English and Welsh industrial communities with which they later became associated.

The first named civilian band which O'Keeffe has identified, the Colyton Brass Band, played God Save the King in a village in Devon in November 1828 as part of birthday festivities for a baronet's son. O'Keeffe found slightly later examples in Chester and Sunderland (both 1829), Derby and Sidmouth (1831), and Poole (1832). In 1834, Lincoln's brass band was being trained by William Shaw, 'formerly trumpeter and bugleman' in the 33rd Regiment of Foot.




"These findings illustrate just how deeply brass bands are embedded in British history and culture," said Dr O'Keeffe, who is the National Army Museum Junior Research Fellow at Queens' College, Cambridge and part of the University's Centre for Geopolitics.

"We already knew about their relationship with industrialization. Now we know that brass bands emerged from Britain's wars against Napoleon."

O'Keeffe discovered most about a band founded by James Sanderson, a Waterloo veteran, in Leamington Spa, Warwickshire. Sanderson, a former trumpet-major, publicized his 'military brass band' in the Leamington Spa Courier in February 1829. Surviving newspaper reports from that summer reveal that the outfit, equipped with keyed bugles, trumpets, French horns, and trombones, performed at several well-attended fetes and other events in the area.

Sanderson's military pension describes him as a labourer born in Thrapston, Northamptonshire. He joined the 23rd Light Dragoons, a cavalry regiment, in 1809, fought at the Battle of Waterloo in 1815 and went on to become the trumpet-major of the 13th Light Dragoons. He left the army due to epileptic fits in the 1820s.

On 29th June 1829, the Leamington Spa Courier reportedthat 'Sanderson's Warwick and Leamington Military Brass Band' performed at a Waterloo anniversary parade in Warwick. Wearing his Waterloo medal, Sanderson mustered his fellow veterans to the tune of 'See the conquering hero comes'. On 1st July, the Leicester Herald reported that Sanderson's band played for up to 300 people at a village feast in Stoneleigh, Warwickshire, inspiring a 'merry dance'.

War and peace

O'Keeffe points out that the Napoleonic Wars (1793 -- 1815) led to a dramatic proliferation of British military bands. By 1814, more than twenty thousand instrumentalists were serving in uniform, in the regular army and militia, as well as a host of part-time home defence formations.




Most of those in full-time service received higher pay than regular soldiers but were still subject to military discipline. The majority were fifers, drummers, trumpeters and buglers, whose music conveyed commands while enhancing parade-ground pageantry and morale. The remainder served in regimental bands of music, which not only enlivened military ceremonies but performed at a wide variety of public occasions, including balls, concerts, and civic processions.

By studying previously overlooked press reports, memoirs and regimental records, O'Keeffe reveals that once demobilized, men and boys who honed their instrumental skills in uniform embarked on a variety of civilian musical careers, becoming instructors, wind performers, composers, and even opera singers.

Many performed in an array of militia and volunteer bands that remained active long after demobilization. Others instructed or participated in a growing assortment of amateur wind and all-brass bands, which often sported uniforms and consciously emulated their regimental equivalents.

O'Keeffe said: "It is widely assumed that brass bands were a new musical species, distinct from their military counterparts. They are primarily seen as a product of industrialization pioneered by a combination of working-class performers and middle-class sponsors.

"But all-brass bands first appeared in Britain and Ireland in a regimental guise. As well as producing a large cohort of band trainers, the military provided a familiar and attractive template for amateur musicians and audiences. This coincided with expanding commercial opportunities and a growing belief in the moralising power of music."

O'Keeffe argues that these quasi-martial troupes enjoyed cross-class appeal, becoming fixtures of seaside resorts, pitheads, and political demonstrations in the decades after Waterloo, and were not confined to northern English industrial towns.

"Soldiers returned from the Napoleonic wars amidst a severe economic recession and many suffered a great deal," O'Keeffe said. "But here we see musicians using the skills they developed in the military to survive and often thrive."

Instruments

The Napoleonic wars created unprecedented demand for brass and other musical instruments. As well as tracking down individual musicians and bands, O'Keeffe investigated the circulation of regimental instruments after the Battle of Waterloo.

Government-issued drums and bugles were supposed to return to public stores on demobilization and band instruments generally belonged to regimental officers. But drummers and bandsmen were often unwilling to relinquish the tools of their trade.

Seven Herefordshire local militia musicians petitioned their colonel in 1816 'to make us a present' of their regimental instruments, noting that performers in other disbanded units had been permitted to keep their instruments 'as a perquisite'. The men promised to continue their weekly practices if the request was granted, pledging that 'a band will be always ready in the town of Leominster for any occasion'.

Some officers auctioned off the instruments of their disbanded corps, making large volumes of affordable second-hand instruments available to amateur players and civilian bands in the post-war decades.

Early brass bands also embraced new instrument designs adopted by their military counterparts or introduced by regimental and ex-regimental performers. The keyed bugle, patented by an Irish militia bandmaster in 1810, was widely used by the first generation of all-brass ensembles. The popularization of affordable and uncomplicated saxhorns by the Distin family further aided the spread of brass bands from the 1840s. The family's patriarch, John Distin, had begun his musical career in the wartime militia.

Enduring tunes

O'Keeffe identifies a number of tunes originating in the military that remained popular with the broader public long after Waterloo.

Theatre critics in the 1820s decried the nation's love of 'Battle Sinfonias' and the 'modern mania for introducing military bands on the stage'. 'The Downfall of Paris', a favourite regimental quick march, became a mainstay of buskers in post-war London. A music critic writing in 1827 lamented the neglect of Bach and Mozart in favour of this tune, which he said every piano instructor 'must be able to play, and moreover to teach'.

But recalling his youth in Richmond, North Yorkshire in the 1820s and 1830s, Matthew Bell described the expert militia band as a 'very popular' source of free entertainment for poorer townspeople and claimed it aroused 'a slumbering talent for music in some of those who heard its martial and inspiring strains.'

Writing in 1827, the Newcastle historian Eneas Mackenzie was clear that 'The bands attached to the numerous military corps embodied during the late war have tended greatly to extend the knowledge of music. At present, there is a band belonging to almost every extensive colliery upon the Tyne and the Wear'.

O'Keeffe said: "Brass bands enabled aspiring musicians of all ages to develop new skills and allowed people to make music as a community, learning from each other. That was the case in the nineteenth century and it's still the case today."

Dr O'Keeffe is writing a book about British military music during the Napoleonic Wars.
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Sinuses prevented prehistoric croc relatives from deep diving | ScienceDaily
An international team of paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.


						
A new paper published today [30 October] in Royal Society Open Science suggests that thalattosuchians, which lived at the time of the dinosaurs, were stopped from exploring the deep due to their large snout sinuses.

Whales and dolphins (cetaceans) evolved from land-dwelling mammals to become fully aquatic over the course of around 10 million years. During this time, their bone-enclosed sinuses reduced and they developed sinuses and air sacs outside of their skulls.

This would have alleviated increases in pressure during deeper dives, allowing them to reach depths of hundreds (dolphins) and thousands (whales) of meters without damaging their skulls.

Thalattosuchians lived during the Jurassic and Cretaceous periods and fall into two main groups. Teleosauridae, were similar to modern day gharial crocodiles, likely living in coastal waters and estuaries. Metriorhynchidae on the other hand were more fully adapted to life at sea, with streamlined bodies, flipper-like limbs and tail fins, amongst other marine adaptations.

Researchers from the University of Southampton, University of Edinburgh, and other institutions wanted to see if thalattosuchians had made similar sinus adaptations to whales and dolphins in their evolutionary journey from the land to the sea.

The team used computed tomography (a special kind of scan) to measure the sinuses of 11 thalattosuchian skulls, as well as the skulls of 14 modern crocodile species and six other fossil species.




Sinus changes

They found that braincase sinuses reduced across thalattosuchian evolution as they became more aquatic, in a similar way to those of whales and dolphins. The team think this is likely due to reasons relating to buoyancy, diving and feeding.

But the team also found that once thalattosuchians became fully aquatic, their snout sinuses expanded compared to their ancestors.

"The regression of braincase sinuses in thalattosuchians mirrors that of cetaceans, reducing during their semi-aquatic phases and then diminishing further as they became fully aquatic," explains Dr Mark Young, lead author of the paper from the University of Southampton.

"Both groups also developed extracranial sinuses. But whereas the cetacean's sinus system aids pressure regulation around the skull during deep dives, the expansive snout sinus systems of metriorhynchids precluded it from diving deeply.

"That's because at greater depths, air within the sinuses would compress, causing discomfort, damage, or even collapse in the snout due to its inability to withstand or equalise the increasing pressure."

Salt glands




While whales and dolphins have highly efficient kidneys that filter out salt from sea water, sea fairing reptiles and birds rely on salt glands to excrete salt from their systems.

The team believe that the larger, more complex snout sinuses of metriorhynchids may have helped to drain their salt glands, in a similar way to modern marine iguanas.

"A major problem for animals with salt glands is 'encrustation', where the salt dries and blocks the salt excreting ducts. Modern birds shake their heads to avoid this, while marine iguanas sneeze to force the salt out," says Dr Young.

"We think that the expanded sinuses of metriorhynchids helped to expel excess salt. Birds, like metriorhynchids, have sinuses that exit the snout and pass under the eye and when their jaw muscles contract, it creates a bellows-like effect within their sinuses. For metriorhynchids, when the sinuses where subjected to this effect, it would have compressed the salt glands within the skull and created a sneeze-like effect, similar to modern marine iguanas."

The study shows how major evolutionary transitions unfold and are shaped by species anatomy, biology and evolutionary history.

"It is fascinating to discover how ancient animals, such as thalattosuchians, adapted to a life in the ocean in their own unique way by showing both similarities and differences to modern day cetaceans," says Dr Julia Schwab, a coauthor on the paper from the University of Manchester.

Dr Young concludes: "Thalattosuchians became extinct in the Early Cretaceous period, so we'll never know for sure if given more evolutionary time they could have converged further with modern cetaceans or whether the need to mechanically drain their salts glands was an impassable barrier to further aquatic specialisation."

The research was funded by the Leverhulme Trust.
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Reactor could make direct air capture more energy efficient | ScienceDaily
Rice University researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption for direct air capture, the removal of carbon dioxide directly from the atmosphere.


						
The new reactor design could be a part of the solution to the pressing problem of emission impacts on the climate and biosphere by enabling more agile and scalable carbon dioxide mitigation strategies.

A study in Nature Energy describes the specialized reactor as having a modular, three-chambered structure with a carefully engineered porous solid electrolyte layer at its core. Haotian Wang, a Rice chemical and biomolecular engineer whose lab has been researching industrial decarbonization and energy conversion and storage solutions, said the work "represents a big milestone in carbon capture from the atmosphere."

"Our research findings present an opportunity to make carbon capture more cost-effective and practically viable across a wide range of industries," said Wang, the corresponding author on the study and associate professor of chemical and biomolecular engineering.

The device has achieved industrially relevant rates of carbon dioxide regeneration from carbon-containing solutions. Its performance metrics, including its long-term stability and adaptability to different cathode and anode reactions, showcase its potential for wide-scale industrial use.

"One of the major draws of this technology is its flexibility," said Wang, explaining that it works with different chemistries and can be used to cogenerate hydrogen. "Hydrogen coproduction during direct air capture could translate into dramatically lower capital and operation costs for downstream manufacturing of net-zero fuels or chemicals."

The new technology offers an alternative to the use of high temperatures in direct air capture processes, which often involve running a mixed gas stream through high-pH liquids in order to filter out carbon dioxide, an acidic gas. This first step of the process ties up the carbon and oxygen atoms in the gas molecules to other compounds in the liquid, forming new bonds of varying degrees of strength depending on the type of chemical used to trap the carbon dioxide. The next major step in the process involves retrieving the carbon dioxide from these solutions, which can be done using either heat, chemical reactions or electrochemical processes.




Zhiwei Fang, a Rice postdoctoral researcher who is a study co-first author, said conventional direct air capture technologies tend to use high-temperature processes to regenerate carbon dioxide from sorbent, or the carbon dioxide-filtering agent.

"Our work focused on using electrical energy instead of thermal energy to regenerate carbon dioxide," Fang said, adding that the approach has several additional benefits, including it works at room temperature, needs no additional chemicals and generates no unwanted byproducts.

The types of chemicals used to trap the carbon dioxide have different drawbacks and advantages. Amine-based sorbents are the most widely used, in part because they tend to form weaker bonds which means less energy is required to take the carbon dioxide back out of the solution. However, they are highly toxic and unstable. Even though basic water-based solutions using sorbents like sodium hydroxide and potassium hydroxide are a greener alternative, they require much higher temperatures to release the carbon dioxide back out.

"Our reactor can efficiently split carbonate and bicarbonate solutions, producing alkaline absorbent in one chamber and high-purity carbon dioxide in a separate chamber," said Wang. "Our innovative approach optimizes electrical inputs to efficiently control ion movement and mass transfer, reducing energy barriers."

Wang said he hopes the research will motivate more industries to pursue sustainable processes and fuel the momentum toward a net-zero future. He added that this and other projects in his lab over the years reflect Rice's strategic focus on sustainable energy innovation.

"Rice is the place to be if you are passionate about sustainability and energy innovation," Wang said.

Other authors on the study are former Rice postdoctoral researcher Xiao Zhang and Rice doctoral alumni and former postdoctoral scientists Peng Zhu and Yang Xia.

The research was supported by the Robert A. Welch Foundation (C-2051) and the David and Lucile Packard Foundation (2020-71371).
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Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that impact lifespan in both species | ScienceDaily
Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach taken at the Buck Institute leapfrogs over that standard methodology.


						
Utilizing cutting-edge machine learning and systems biology, researchers analyzed and correlated huge data sets from flies and humans to identify key metabolites that impact lifespan in both species.Results published online in Nature Communicationssuggest that one of the metabolites, threonine, may hold promise as a potential therapeutic for aging interventions.

"These results would not have been possible without this pioneering approach," says Buck professor Pankaj Kapahi, PhD, senior author of the paper. "There is a lot of data sitting out there that is not being correlated between species. I think this approach could be a game-changer when it comes to identifying potential interventions to improve human health."

Threonine has been shown to protect against diabetes in mice. The essential amino acid plays an important role in collagen and elastin production and is also involved in blood clotting, fat metabolism and immune function.

The method -- simplified

The work began with former Buck postdoc Tyler Hilsabeck, PhD, crunching data (involving metabolomics, phenotypes and genomics) to analyze 120 metabolites in 160 strains of fruit flies on both restricted and normal diets. The goal was to reveal how different genotypes responded to the diets to influence lifespan and healthspan. "This allowed us to find the 'needles in the haystack' when it came to identifying relevant metabolites," Hilsabeck says.

Vikram Narayan, PhD, a postdoctoral fellow then cross-referenced findings with human data from the massive UK Biobank. "Using the human data allowed us to focus on interesting metabolites to those that are conserved in both species. It also allowed us to uncover the impact of those metabolites in humans," he says. Importantly, the team then brought those relevant metabolites back into the fly to validate results.




The results

In flies, threonine extended lifespan in a strain-and-sex-specific manner. Individuals with higher levels of threonine-related metabolites had longer, healthier lives. "We're not saying that threonine is going to work in all conditions," says Kapahi. "Our research shows it works in subsets of both flies and people. I think most of us have stopped expecting to find a 'magic-bullet' intervention for aging. Our method provides another way to develop precision medicine for geroscience."

The results also include findings that were not so positive for both species. Orotate, which is relatively understudied and has been linked with fat metabolism, was negatively associated with aging. In flies orotate counteracted the positive impact of dietary restriction across every strain of the animals. In humans, orotate was linked to a shorter lifespan.

Larger implications

Kapahi hopes the larger research community will begin employing this method. "So many times we find things that work in worms and flies and then we don't have the resources to move the basic science forward. This approach allows us to say with a lot more certainty that discoveries are going to be relevant in humans." Kapahi says this method may reduce the need for studies in mice, something he welcomes.
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Smell loss linked to 100-plus diseases | ScienceDaily
Researchers from the Charlie Dunlop School of Biological Sciences, in collaboration with The Oxford Research Centre in the Humanities, reveal a powerful link between olfactory loss and inflammation in a staggering 139 medical conditions. This research -- led by professor emeritus Michael Leon, and researchers Cynthia Woo and Emily Troscianko -- emphasizes a little-known but potentially life-altering connection: the role our sense of smell plays in maintaining our physical and mental health.


						
The study appears in Frontiers in Molecular Neuroscience.

Olfactory dysfunction, often dismissed as a minor inconvenience, may actually be an early sign of various neurological and bodily diseases, as indicated by this research. "The data are particularly interesting because we had previously found that olfactory enrichment can improve the memory of older adults by 226 percent," said Leon. "We now know that pleasant scents can decrease inflammation, potentially pointing to the mechanism by which such scents can improve brain health."

This finding, he added, could hold key implications for mitigating symptoms and possibly even reducing the onset of certain diseases through therapeutic olfactory stimulation.

The study delves into the methodical tracking of 139 medical conditions associated with both olfactory loss and heightened inflammation, uncovering insights into a shared pathway linking these factors. Olfactory loss, which often precedes conditions such as Alzheimer's and Parkinson's diseases, may serve as an early indicator of disease onset, allowing for more proactive therapeutic approaches.

"It was difficult to track down the studies for so many medical conditions," said Leon, reflecting on the complexity of linking olfactory loss to such a wide array of disorders. The challenge, he added, underscores the importance of these findings in framing olfactory health as integral to overall well-being.

By showing how olfactory enrichment can mitigate inflammation, this research has laid a foundation for future studies aiming to explore the therapeutic use of scent to address a broader range of medical conditions. "It will be interesting to see if we can ameliorate the symptoms of other medical conditions with olfactory enrichment," said Leon.

Together with Woo, Leon is now working on a device to deliver olfactory therapy, which could hold promise as a novel, non-invasive way to improve health outcomes.

As science continues to uncover the profound impacts of our senses on health, this research underscores a critical need for further study into olfactory therapies.
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12 new Oriental weevil species discovered using advanced imaging tools | ScienceDaily
Jake Lewis, an entomologist in the Environmental Science and Informatics Section at the Okinawa Institute of Science and Technology (OIST), is fascinated by weevils, a diverse group of beetles that includes many species with elephant trunk-like mouthparts (called a rostrum). Weevils provide various ecosystem services such as pollination and decomposition, but some species are serious pests known to decimate crop fields and timber forests.


						
Using x-ray microtomography, a 3D imaging technique that uses x-rays to visualize cross sections of the internal structure of objects, Lewis and his collaborators digitally removed scales that cover the cuticle of the weevils. They found that the underlying cuticle differs significantly between species and can therefore be used for taxonomic and classification purposes. Using this technique in combination with traditional light microscopy and DNA barcoding, they discovered, described, and named 12 new weevil species from Japan, Malaysia, Vietnam, and Taiwan. These species range from 1.5 -- 3.0 mm in length and are comparatively quite small weevils.

Two of these new species are present in Japan: Aphanerostethus magnus (Oo-daruma-kuchikakushi-zoumushi) and Aphanerostethus japonicus (Nippon-daruma-kuchikakushi-zoumushi). One of these, Aphanerostethus japonicus, is also found in Yanbaru National Park, Okinawa. This is the first time x-ray microtomography has been used to remove obscuring scales to examine underlying differences in morphology for taxonomic purposes. The findings from this study have been published in the journal Zookeys.

The researchers showed that removing scales using x-ray microtomography reveals significant morphological differences between species, which cannot be easily observed using other methods. Consequently, this technique may gain more popularity as a tool for identifying new insect species, especially those covered in scales or debris.

Lewis, OIST's Insect Collection Manager and lead author of the paper, examined specimens from collections in Canada, Germany, Japan, Malaysia, Taiwan, and the Netherlands. One of the primary goals was to investigate the use of x-ray microtomography as a tool in weevil taxonomy. The genus Aphanerostethus was poorly studied in the past, but many undescribed species were discovered in museum collections around the world, including the two new species from Japan.

Multiple methods to find new species

The researchers used traditional methods such as light microscopy and dissections to observe differences between species, including the scales along the elytra (back), leg spines, and the shape of the rostral canal (a canal that protects the rostrum). They also used DNA barcoding to analyze their genes and create a phylogenetic tree of eight of the species. Some species were not as easy to separate based on morphology alone, but as the gene sequences differ between species, the phylogenetic tree was informative and provided additional evidence of new species.




Although the above methods are standard practice in taxonomy, the researchers' use of X-ray microtomography was novel and was successfully used to examine the structure of not only the hidden cuticle, but also the hindwings. Aphanerostethus weevils have lost the ability to fly due to the gradual reduction of their hindwings, however the degree of reduction was shown to differ between species. Normally, specimens would have to be dissected to view the hindwings, but because x-ray microtomography allows for non-destructive examination of internal anatomy, it is invaluable when working with rare or precious specimens that cannot be dissected or altered.

The presence of partially reduced wings in some species offers a fascinating glimpse into the ongoing process of evolutionary change: "Some species have almost completely lost their hindwings, while others still have non-functional half-wings with remaining vein patterns. The differing degrees in hindwing loss is not only useful for taxonomy and systematics, but also shows how different species within the same group can be at different stages of losing a historically highly important organ that played a crucial role in insect evolution," Lewis explained.

Investing in Japan's natural heritage

The discovery of new weevil species can be challenging for two main reasons. Firstly, weevils are incredibly diverse, making complete cataloging time consuming and tedious. Secondly, many weevil species are highly host-specific, may only inhabit very particular microhabitats, and may only be active for a short period of time as adults. For example, some species feed on a single tree species and may only occupy a certain part of a tree, such as the canopy. Furthermore, some species of weevils are strictly nocturnal and rarely observed during the daytime.

This extreme specialization and variation in natural history means that unless researchers investigate at night and day, across seasons, and focus on specific parts of many different plant species, they will inevitably overlook certain species.

Dr. Dan Warren, a research fellow at the Gulbali Institute for Applied Ecology and former leader of the Environmental Science and Informatics Section, emphasized the importance of investing in specimen collections: "These specimen collections are crucial for discovering new species and documenting biodiversity changes, both from human activities and natural cycles. They are essential tools for scientific research and conservation biology," he stated. "Without proper support for them and the people who maintain them, we risk losing irreplaceable information on species and ecosystems, potentially before we even discover them."

"These new weevil species are part of Japan's natural heritage, and although still poorly known ecologically, discovering and naming them is the first step towards an understanding of their biology," Lewis added. Protected areas like Yanbaru National Park, home to the newly discovered A. japonicus, are essential to the protection of the island's rich and endemic biodiversity.
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A navigation system for microswimmers | ScienceDaily
By applying an electric field, the movement of microswimmers can be manipulated. Scientists from the Max Planck Institute for Dynamics and Self-Organization (MPI-DS), the Indian Institute of Technology (IIT) Hyderabad and the University of Twente, Netherlands, describe the underlying physical principles by comparing experiments and theoretical modeling predictions. They are able to tune the direction and mode of motion through a microchannel between oscillation, wall adherence and centerline orientation, enabling different interactions with the environment.


						
Microswimmers often need to independently navigate narrow environments like microchannels through porous media or blood vessels. The swimmers can be of biological origin, like algae or bacteria, but also constitute custom designed structures used for the transport of chemicals and drugs. In these cases, it is important to control how they swim in relation to walls and boundaries -- as one might want them to exchange fuel or information, but also avoid them to stick where they are not supposed to.

Many swimmers are electrically charged, such that electric fields can provide a versatile method to guide them through complex environments. Scientists from MPI-DS now explored this idea in experiments on self-propelling artificial microswimmers: "We investigated the influence of a combination of electric fields and pressure-driven flow on the states of motion of artificial microswimmers in a channel," reports Corinna Maass, group leader at MPI-DS and Associate Professor at the University of Twente. "We identified distinct modes of motion and the system parameters that control them" she summarizes. In a previous publication, the scientists already demonstrated that their artificial swimmers prefer to swim upstream, oscillating between the channel walls. With their new finding, it is now possible to control how the swimmers are moving by applying an electric field and flow through the channel.

This way, the researchers generated a broad range of possible motility patterns: The swimmers can be directed to adhere to the channel walls or follow its centerline, either in an oscillating or in a straight motion. They are also able to execute U-turns if they set off in the wrong direction. The scientists analyzed these different states using a general hydrodynamic model that is applicable to any swimmer with a surface charge. Ranabir Dey, Assistant Professor at IIT Hyderabad explains: "We show that the motility of charged swimmers can be further controlled using external electric fields. Our model can help to understand and customize artificial microswimmers, and provide inspiration for autonomous micro-robotic and other biotechnological applications."
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Implantable microparticles can deliver two cancer therapies at once | ScienceDaily
Patients with late-stage cancer often have to endure multiple rounds of different types of treatment, which can cause unwanted side effects and may not always help.


						
In hopes of expanding the treatment options for those patients, MIT researchers have designed tiny particles that can be implanted at a tumor site, where they deliver two types of therapy: heat and chemotherapy.

This approach could avoid the side effects that often occur when chemotherapy is given intravenously, and the synergistic effect of the two therapies may extend the patient's lifespan longer than giving one treatment at a time. In a study of mice, the researchers showed that this therapy completely eliminated tumors in most of the animals and significantly prolonged their survival.

"One of the examples where this particular technology could be useful is trying to control the growth of really fast-growing tumors," says Ana Jaklenec, a principal investigator at MIT's Koch Institute for Integrative Cancer Research. "The goal would be to gain some control over these tumors for patients that don't really have a lot of options, and this could either prolong their life or at least allow them to have a better quality of life during this period."

Jaklenec is one of the senior authors of the new study, along with Angela Belcher, the James Mason Crafts Professor of Biological Engineering and Materials Science and Engineering and a member of the Koch Institute, and Robert Langer, an MIT Institute Professor and member of the Koch Institute. Maria Kanelli, a former MIT postdoc, is the lead author of the paper, which appears in the journal ACS Nano.

Dual therapy

Patients with advanced tumors usually undergo a combination of treatments, including chemotherapy, surgery, and radiation. Phototherapy is a newer treatment that involves implanting or injecting particles that are heated with an external laser, raising their temperature enough to kill nearby tumor cells without damaging other tissue.




Current approaches to phototherapy in clinical trials make use of gold nanoparticles, which emit heat when exposed to near-infrared light.

The MIT team wanted to come up with a way to deliver phototherapy and chemotherapy together, which they thought could make the treatment process easier on the patient and might also have synergistic effects. They decided to use an inorganic material called molybdenum sulfide as the phototherapeutic agent. This material converts laser light to heat very efficiently, which means that low-powered lasers can be used.

To create a microparticle that could deliver both of these treatments, the researchers combined molybdenum disulfide nanosheets with either doxorubicin, a hydrophilic drug, or violacein, a hydrophobic drug. To make the particles, molybdenum disulfide and the chemotherapeutic are mixed with a polymer called polycaprolactone and then dried into a film that can be pressed into microparticles of different shapes and sizes.

For this study, the researchers created cubic particles with a width of 200 micrometers. Once injected into a tumor site, the particles remain there throughout the treatment. During each treatment cycle, an external near-infrared laser is used to heat up the particles. This laser can penetrate to a depth of a few millimeters to centimeters, with a local effect on the tissue.

"The advantage of this platform is that it can act on demand in a pulsatile manner," Kanelli says. "You administer it once through an intratumoral injection, and then using an external laser source you can activate the platform, release the drug, and at the same time achieve thermal ablation of the tumor cells."

To optimize the treatment protocol, the researchers used machine-learning algorithms to figure out the laser power, irradiation time, and concentration of the phototherapeutic agent that would lead to the best outcomes.




That led them to design a laser treatment cycle that lasts for about three minutes. During that time, the particles are heated to about 50 degrees Celsius, which is hot enough to kill tumor cells. Also at this temperature, the polymer matrix within the particles begins to melt, releasing some of the chemotherapy drug contained within the matrix.

"This machine-learning-optimized laser system really allows us to deploy low-dose, localized chemotherapy by leveraging the deep tissue penetration of near-infrared light for pulsatile, on-demand photothermal therapy. This synergistic effect results in low systemic toxicity compared to conventional chemotherapy regimens," says Neelkanth Bardhan, a Break Through Cancer research scientist in the Belcher Lab, and second author of the paper.

Eliminating tumors

The researchers tested the microparticle treatment in mice that were injected with an aggressive type of cancer cells from triple-negative breast tumors. Once tumors formed, the researchers implanted about 25 microparticles per tumor, and then performed the laser treatment three times, with three days in between each treatment.

"This is a powerful demonstration of the usefulness of near-infrared-responsive material systems," says Belcher, who, along with Bardhan, has previously worked on near-infrared imaging systems for diagnostic and treatment applications in ovarian cancer. "Controlling the drug release at timed intervals with light, after just one dose of particle injection, is a game changer for less painful treatment options and can lead to better patient compliance."

In mice that received this treatment, the tumors were completely eradicated, and the mice lived much longer than those that were given either chemotherapy or phototherapy alone, or no treatment. Mice that underwent all three treatment cycles also fared much better than those that received just one laser treatment.

The polymer used to make the particles is biocompatible and has already been FDA-approved for medical devices. The researchers now hope to test the particles in larger animal models, with the goal of eventually evaluating them in clinical trials. They expect that this treatment could be useful for any type of solid tumor, including metastatic tumors.
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Researchers develop approach to accurately predict pneumonia outcomes | ScienceDaily
Two patients being treated for pneumonia, an infection that causes difficulty breathing due to fluid-filled sacs in the lungs, can look vastly different and have opposing outcomes. Yet doctors struggle to accurately predict patients' prognoses and determine the most effective treatments.


						
Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers at Northwestern University have uncovered five distinct clinical states in pneumonia, three of which are strongly associated with disease outcomes and two that can help physicians determine the disease's cause. One of the states was associated with a 7.5% chance of dying within 24 hours.

The paper that describes the novel approach and the data used to develop it is online in the journal Proceedings of the National Academy of Sciences (PNAS). The researchers say the approach has potential to help clinicians make better informed treatment decisions for critically ill patients and to be applied much more broadly.

Pneumonia, a leading cause of death globally, is inherently difficult to treat due to the diverse ways it can present and be acquired and its potential for antibiotics overuse. Physicians have historically used cause to differentiate pneumonia patients in intensive care units, grouping them into three categories: community-acquired (which could mean a previous bacterial or viral infection), hospital-acquired and ventilator-acquired (developed after a patient requires mechanical ventilation).

But Northwestern's Luis Amaral, the study's lead author, said this data actually tells physicians surprisingly little about a patient's chance of recovery.

"Other approaches to classifying the state of pneumonia patients are not as discriminatory," Amaral said. "They do a worse job of predicting disease progression and prognosis, which is particularly relevant for end-of-life decisions. Our study is the first to demonstrate the existence of robustly identifiable, distinct, clinical states."

Amaral, an expert in complex systems and data science, is the Erastus Otis Haven Professor of Engineering Sciences and Applied Mathematics in Northwestern's McCormick School of Engineering.




Amaral said understanding individuals' chances of survival can help prepare family members for loss and help physicians avoid over-treatment.

The five states integrate many types of data (body temperature, breathing rate, glucose levels, oxygenation levels, etc.) to establish relationships between different measures. The researchers found that linear combinations of the variables characterizing motor response, renal function, heart rate, systolic blood pressure, respiratory rate and high blood pressure provided the most information about the state of a patient.

The team overcame several challenges as they developed a suite of machine-learning tools to cluster patient conditions from two EHR data sources, one a Northwestern project called SCRIPT and the other from a standard clinical dataset. First, many types of data had to be integrated despite being collected at distinct frequencies. They also needed to develop a new test that would indicate the reliability of the approach. Third, they had to determine whether the information contained in these physiological variables could be "compressed" into a much smaller number of combinations of those variables.

The resulting data enabled the researchers to identify five distinct clusters -- which they equated with distinct clinical states -- whose value in predicting mortality of patients was considerably higher than that of current approaches. Surprisingly, one of the clusters identified collected most patients whose pneumonia was associated with a COVID-19 infection.

The technical advances developed during this research may be useful in other contexts. In fact, according to Feihong Xu, the study's lead author and a graduate student in the Amaral lab, the team is "now applying these techniques to experimental data from a mouse model of sepsis."

For now, their analysis is yet to investigate why some patients move from one state to another, something the researchers are now studying. Future research, both on pneumonia and other diseases, could ultimately be the basis for more effective and predictable treatment options.
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Researchers aim to get leg up on bone repair with 3D-printed femur | ScienceDaily
University of Texas at Dallas mechanical engineers have designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors.


						
The engineers, who worked in collaboration with UT Southwestern Medical Center orthopedic surgeons, published their first study on the 3D-printed thigh bone online Aug. 5 in the Journal of Orthopaedic Research.

The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

To study and validate innovative surgical implants and techniques, surgeons perform biomechanical studies using donated cadavers or commercially available synthetic bones, which help them determine optimal surgical fixation and predict the response of the bone. Synthetic bones, also used in surgical training, can be expensive, take time to acquire and lack the ability for patient-specific solutions.

UT Southwestern researchers approached Dr. Wei Li, a UT Dallas expert in 3D-printing technology, two years ago to collaborate on a less costly and faster alternative for orthopedic biomechanical studies.

"To make plans for surgery, surgeons need to know the geometry of the bone," said Li, assistant professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science and corresponding author of the recent study. "With 3D printing, we're able to print out the femur bone sample with the same geometry of the femur inside the body."

Through trial and error, UTD mechanical engineering doctoral student Kishore Mysore Nagaraja developed many iterations of the femur. Mysore Nagaraja, who works in Li's Comprehensive Advanced Manufacturing Lab, performed a series of tests on each artificial bone to measure mechanical performance and material properties to make the samples as similar as possible to real femurs.




"This collaborative experience is the best thing a student could ask for," said Mysore Nagaraja, who is expected to graduate in December. "To get an evaluation of my testing research directly from the doctors who are going to use it is a very good validation of our research."

The bone replica is made of polylactic acid, a bio-based, low-cost biodegradable polymer commonly used in 3D printing. The design, which represents the midsection of the femur, is almost 8 inches long and nearly 1 inch in diameter. In biomechanical tests, it performed as well as a human femur. Researchers estimated each 3D-printed femur cost $7 to make.

Li said 3D-printed bones have a range of potential applications. The polymer, for example, might replace other materials used in bone repair, such as titanium. Li said researchers also could print tumors onto 3D-printed bones and test treatments on the printed samples, or the replicas might be used to help grow human bone tissue.

UT Southwestern researchers involved in the study included first author Dr. Robert Weinschenk, an orthopedic oncology surgeon, and Dr. Richard Samade, a hand and upper extremity surgeon, who run a 3D-printing lab. Both are assistant professors of orthopedic surgery with secondary appointments in biomedical engineering; Samade has a secondary appointment in plastic surgery.

"I reached out to Dr. Li and his team, and fortunately this has turned into an excellent collaboration between us," Weinschenk said. "With the knowledge and skill sets Dr. Samade and I have as surgeons -- both with engineering backgrounds -- in combination with Dr. Li's tremendous knowledge and expertise in mechanical testing and his amazing resources, our collaborative team is uniquely poised to try to tackle these types of challenges."

Additional authors were former UTD student Faiqa Alam BS'23, and Dr. Blaine Oldham, who graduated from UT Southwestern in May.
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Paving the way for harvesting and storing solar energy efficiently | ScienceDaily
As stated by the International Energy Agency (IEA), approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.


						
Conventional thermal energy storage strategies store the energy for short periods, e.g., in the form of hot water. In contrast, molecular solar energy storage systems store solar energy in the form of chemical bonds, allowing it to be preserved for several weeks or even months. These specialized molecules -- or photoswitches -- absorb solar energy and release it later as heat, on demand. However, a key challenge for current photoswitches is the trade-off between energy storage capacity and efficient absorption of solar light, limiting the overall performance. To overcome this issue, research teams at Johannes Gutenberg University Mainz (JGU) and the University of Siegen present a novel approach in a collaborative study.

Decoupling the absorption and storing processes of solar energy

The novel class of photoswitches was first introduced by the group of Professor Heiko Ihmels at the University of Siegen, demonstrating exceptional energy storage potential comparable to conventional lithium-ion batteries. However, their functionality was initially limited to activation by UV light, which constitutes only a small portion of the solar spectrum. The research teams at Mainz and Siegen now introduced an indirect light harvesting method, comparable to the function of the light-harvesting complex in photosynthesis. This incorporates a second compound, a so-called sensitizer, which exhibits excellent absorption properties of visible light. "In this approach, the sensitizer absorbs light and subsequently transfers energy to the photoswitch, which cannot be directly excited under these conditions," explained Professor Christoph Kerzig of the JGU Department of Chemistry.

This new strategy has increased solar energy storage efficiency by more than one order of magnitude, representing a major step forward for the energy conversion research community. The potential applications of these systems span from household heating solutions to large-scale energy storage, offering a promising path towards sustainable energy management.

Mechanistic studies essential for reaction discovery and optimization

The Mainz-based team of researchers led by Professor Christoph Kerzig and PhD student Till Zahringer conducted detailed spectroscopic analyses to explore the complex system, which were essential for understanding the underlying mechanism. Each reaction step was carefully examined by the paper's first author, Till Zahringer, resulting in a thorough understanding of how the system operates. "By doing so, we could not only push the light-harvesting limit substantially but also improve the conversion efficiency of light to stored chemical energy," explained Zahringer. Under operational conditions, each absorbed photon can trigger a chemical bond formation process, which is rarely observed in photochemical reactions owing to several energy loss channels. The scientists successfully validated the system's robustness and practicality by cycling between the energy storage state and the energy release state multiple times employing solar light, highlighting its potential for real-world applications.

The results have been published in Angewandte Chemie, where the work has been classified as a Hot Paper due to exceptional evaluations from scientific reviewers.

This research project received financial support from the German Research Foundation (DFG) and the German Federal Environment Foundation, providing a project grant to Christoph Kerzig and a fellowship to Till Zahringer, respectively. Further support came from the House of Young Talents and the Stiftung Nagelschneider of the University of Siegen.
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Transforming patient care: Study finds bedside interdisciplinary rounds boost satisfaction for patients and providers | ScienceDaily
A study led by researchers at the University of Colorado Anschutz Medical Campus reveals patients and providers have more positive overall care experiences when the entire healthcare team is a part of bedside interdisciplinary rounds (BIDR).


						
The study published today in the Journal of General Internal Medicine.

The study found that BIDR, when the team meets at a patients' bedside in the hospital to discuss care plans, helps build trust between patients and their healthcare providers and within healthcare teams by allowing everyone to observe and work together more closely.

"Traditional interdisciplinary rounds (IDR) consist of a clinical care team that coordinates a patient's care together to help promote collaboration in hospitals. BIDR takes this process a step further by taking the team to the bedside and involving patients and their families," said Katarzyna Mastalerz, MD, lead author and associate professor of hospital medicine at University of Colorado School of Medicine. "BIDR transforms this traditional healthcare model by fostering trust through transparent communication, team collaboration and patient-centered care where every voice is heard, and every goal can be shared."

The study interviewed 14 patients and 18 members of a interdisciplinary teams that included nurses, pharmacists and care coordinators.

Patients who participated in BIDR expressed positive feelings about being involved in their healthcare plans, which enhanced their trust in providers. Healthcare professionals reported improved respect and trust among colleagues, which contributed to better patient care.

While results were mostly promising, patients and providers said there is room for improvement to make the process more streamlined.

For example, some patients reported being uncomfortable due to the use of technical jargon and unclear communication regarding their treatment plans. Meanwhile, the providers said they faced challenges related to lack of supportive structures for interprofessional collaboration and lengthy presentations by physicians.

"To build effective BIDR, we suggest healthcare teams use transparency by sharing goals with patients, employing accessible patient-centered language, clearly delineating team roles for each team member, and actively addressing team input in real time" said Mastalerz. "With the professional siloes and hectic workflow that often characterize hospitals, it's especially important for hospital leadership to recognize, support, and create opportunities for collaborative work by interprofessional teams."
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Ultrasound can be used as search and rescue tool for the brain | ScienceDaily
Ultrasound, once used almost exclusively to take images of the body, is quickly developing into a targeted therapy that can have a potentially life-changing impact on our brains, according to the authors of a new article.


						
For decades, health professionals across the world have used ultrasound as a means of monitoring the development of unborn babies and assessing the health of patients' internal organs.

But writing in the journal PLOS Biology, researchers from Stanford University, the University of Plymouth, and Attune Neurosciences say it has now been demonstrated to offer a non-invasive and precise way of targeting specific areas of the human brain.

This is enabling them to investigate how a technique known as transcranial ultrasound stimulation (TUS) can help people with conditions ranging from pain, alcoholism, obsessive-compulsive disorder (OCD), and Parkinson's disease, all without the use of drugs or surgery.

Beyond the treatment, the researchers discuss in the new article how the technology can also be used to temporarily test areas before treating them, serving as a sort of "search and rescue tool for the brain."

This enables them to find the sources of brain-related issues and disorders prior to treating them, which may be on the critical path towards personalized treatments.

However, they acknowledge there are still a number of complex challenges that need to be addressed before TUS can be rolled out in healthcare settings -- and maybe even homes -- on a global scale.




These include the fact that each of the 8.2 billion brains and skulls on the planet is different, and work is still required to tailor the technique so that it can be delivered in such a way as to enable as many people as possible to benefit from it.

And while significant advances have been made to the technology, reaching a point where it can still be effective -- but also sustainable from a cost perspective -- is still some years away.

But at present the researchers have developed and are testing a TUS device small and simple enough for people to use them at home following a series of clinical assessments, rather than having to continually go into hospitals or other healthcare settings.

The article was written by Dr Keith Murphy, co-founder of Attune Neurosciences and researcher at Stanford University School of Medicine, and Professor Elsa Fouragnan, who leads the Brain Stimulation Lab in the University of Plymouth's Brain Research and Imaging Centre.

Dr Murphy said: "There are countless reasons people can't get to a clinic, whether it's financial strain or simply not having the time. In the past few years, we've made substantial progress towards a device that leverages MRI precision guidance but may still be used safely at home. We've always believed that portability was a critical step towards making advanced brain therapies accessible to everyone and we've made great strides in demonstrating that it works."

The researchers further discuss how focused ultrasound can also be integrated with other emerging technologies, for example improving the accuracy and effectiveness of interfaces that enable direct communication between the brain and external devices.

Professor Fouragnan added: "Over many years, we have improved our understanding of how the brain works and the failings within it that lead to neurological and mental health conditions. However, while advances have been made in treatments, they have not happened at a similar pace. We believe TUS can fill that gap and through our research to this point, we have discovered how it can be a genuine search and rescue tool for the brain. Clinicians and patients are excited about its potential, and if the current pace of development continues, we could have a risk-free technology that can positively impact millions, if not billions, of people."
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Computational tool developed to predict immunotherapy outcomes for patients with metastatic breast cancer | ScienceDaily
Using computational tools, researchers from the Johns Hopkins Kimmel Cancer Center and the Johns Hopkins University School of Medicine have developed a method to assess which patients with metastatic triple-negative breast cancer could benefit from immunotherapy. The work by computational scientists and clinicians was published Oct. 28 in the Proceedings of the National Academy of Sciences.


						
Immunotherapy is used to try to boost the body's own immune system to attack cancer cells. However, only some patients respond to treatment, explains lead study author Theinmozhi Arulraj, Ph.D., a postdoctoral fellow at Johns Hopkins: "It's really important that we identify those patients for whom it will work, because the toxicity of these treatments is high."

To tease this out, studies have tested whether the presence or absence of certain cells, or the expression of various molecules in the tumor, can indicate if a particular patient will respond to immunotherapy. Such molecules are called predictive biomarkers and are useful in selecting the right treatment for patients, explains senior study author Aleksander Popel, Ph.D., a professor of biomedical engineering and oncology at the Johns Hopkins University School of Medicine.

"Unfortunately, existing predictive biomarkers have limited accuracy in identifying patients who will benefit from immunotherapy," Popel says. "Moreover, a large-scale assessment of characteristics that predict treatment response would require the collection of tumor biopsies and blood samples from many patients and would involve performing several assays, which is very challenging."

So, the team employed a mathematical model called quantitative systems pharmacology to generate 1,635 virtual patients with metastatic, triple-negative breast cancer and performed treatment simulations with the immunotherapy drug pembrolizumab. They then fed these data into powerful computational tools, including statistical and machine learning-based approaches, to look for biomarkers that accurately predict the treatment response. They focused on identifying which patients would and would not respond to treatment.

Using the partially synthetic data produced by the virtual clinical trial, researchers assessed the performance of 90 biomarkers alone and in double, triple and quadruple combinations. They found that measurements from tumor biopsies or blood samples taken before the start of treatment, called pretreatment biomarkers, had limited ability to predict treatment outcomes. However, measurements from patients taken after the start of treatment, called on-treatment biomarkers, were better predictive of outcomes. Surprisingly, they also found that some commonly used biomarker measurements, such as the expression of a molecule called PD-L1 and the presence of lymphocytes in the tumor, performed better when assessed before the start of treatment than after treatment initiation.

The researchers also looked at the accuracy of measurements that do not require invasive biopsies, such as immune cell counts in the blood, in predicting treatment outcomes, finding that some blood-based biomarkers performed comparably to tumor- or lymph node-based biomarkers in identifying a subset of patients who respond to treatment. This potentially suggests a less-invasive way to predict response.




Measurements of changes in tumor diameter can be readily obtained by CT scans, and also could prove predictive, Popel says: "This, measured very early within two weeks of treatment initiation, had a great potential to identify who would respond if the treatment were continued."

To validate the findings, investigators performed a virtual clinical trial with patients selected based on change in tumor diameter at two weeks after the start of treatment. "The simulated response rates increased more than two-fold -- from 11% to 25% -- which is quite remarkable," Arulraj says. "This emphasizes the potential for noninvasive biomarkers as an alternative, in cases where collecting tumor biopsy samples is not feasible."

"Predictive biomarkers are critical as we develop optimized strategies for triple-negative breast cancer, so as to avoid overtreatment in patients expected to do well without immunotherapy, and undertreatment in those who do not respond well to immunotherapy," adds study co-author Cesar Santa-Maria, M.D., an associate professor of oncology and breast medical oncologist at the Johns Hopkins Kimmel Cancer Center with expertise in breast cancer immunotherapy and immune biomarkers. "The complexities of the tumor microenvironment make biomarker discovery in the clinic challenging, but technologies leveraging in-silico [computer-based] modeling have the potential to capture such complexities and aid in patient selection for therapy."

Collectively, these new findings shed light on how to better select patients with metastatic breast cancer for immunotherapy. The researchers say these findings are expected to help design future clinical studies, and this method could be replicated in other cancer types.

Previously, the team used an in-house modeling framework and developed a computational model with a special focus on late-stage breast cancer where the tumor has already spread to various parts of the body. This was published in Science Advances last year. The team employed data from several clinical and experimental studies to develop and thoroughly validate this computational model.

The current work was supported by the National Institutes of Health (grant R01CA138264). Part of the work was carried out at the Advanced Research Computing at Hopkins core facility, which is supported by the National Science Foundation under grant OAC1920103.

Study co-authors are Hanwen Wang, Atul Deshpande, Ravi Varadhan, Elizabeth Jaffee and Elana Fertig of Johns Hopkins; and Leisha Emens of Kaiser Permanente in South Sacramento, California.

Popel is a consultant to Incyte and to J&J/Janssen, and is a co-founder and consultant to AsclepiX Therapeutics. He also receives research funding from Merck. The terms of these arrangements are being managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Coastal flooding during hurricanes Helene and Milton tracked | ScienceDaily
A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided University of South Florida scientists with essential data from hurricanes Helene and Milton.


						
The team of researchers led by USF St. Petersburg GIS and Remote Sensing Professor Barnali Dixon used the CRIS-HAZARD app to analyze real-time flooding in Pinellas County, which is home to 588 miles of coastline. The app also received data from users in neighboring Hillsborough County during Hurricane Milton, which allowed the team to expand its research.

The app, developed in collaboration with researchers at Georgia Tech, combines volunteered geographic information and community crowdsourced data such as photos and videos with near real-time data on flooding. Using dynamic modeling and mapping tools, including artificial intelligence (AI), the app can identify and extract estimated water elevation from imagery submitted that will be used to inform emergency managers and policymakers.

The CRIS-HAZARD app made a soft launch on Sept. 18. Eight days later, Hurricane Helene hit Florida's west coast north of Tampa Bay as a Category 4 hurricane. On Oct. 9, Hurricane Milton hit Florida's west coast south of Tampa Bay as a Category 3 hurricane.

Images gathered from the back-to-back storms gave the team important information about how much flooding occurred and where in the Tampa Bay area.

"People used it to report what was happening in their backyard," said Dixon, who is also executive director of USF's Initiative on Coastal Adaptation and Resilience (iCAR). "This information is their lived experience, and we want to take that experience and make data out of it using AI tools that will process images and figure out the depth of the water. We can use that data to calibrate and validate models."

In addition to the data provided for researchers, the pictures and videos are accessible to other users so they can see where flooding is happening, which helps inform them of hazards in the community.




Dixon compares it to the real-time traffic app Waze, where drivers can see traffic back-ups and where police activity is happening along roads and highways.

"We make it a real-time display for about seven days, then the data is archived," Dixon said. "For example, if there is a big rain event today, you want to know what is happening today, not a month or two months back. But the data stays there so we can access and analyze it."

In 2023, Dixon received a $1.5 million National Science Foundation grant to build the app. Since then, her team has made significant progress. They have installed 14 cameras in St. Petersburg, with 30 more planned throughout Pinellas County.

The cameras are placed in front of five-foot poles with reflective tape that show flooding as it's happening. Each strip is placed six inches apart. Images captured by the cameras during Hurricane Helene indicate that about 3.5 feet of water rose above the seawall in many locations.

The new app, which provides an interactive user experience, is based on the existing Community Resiliency Information System (CRIS), a website created in 2020 by iCAR.

The CRIS platform leverages crowdsourced data to identify climate-related vulnerabilities in local communities. Residents can input information related to issues such as flooding and power outages. This information can then be used by policymakers and neighborhood leaders to make decisions about policy and resource allocation. The data also allows emergency managers to identify areas with concentrations of people who need transportation assistance or are reliant on power for medical needs.




Dixon has been working with community leaders in St. Petersburg's Childs and Bartlett Park neighborhoods for several years, where residents have successfully used the system to prepare for extreme storm events. Through the CRIS website, participants can view maps and see their risk of storm surge and sea level rise. They can also share their own information and suggest ways to improve the system.

"We have used the application at all our community town halls," said Erica Hall, executive director of the Florida Food Policy Council. "As a community leader and liaison, this will help communities tremendously to understand the connection between sea level rise, climate change, extreme heat and coastal flooding. Some vulnerable coastal neighborhoods also show food insecurity and health disparity concerns. Having CRIS map those concerns tells a story that will allow the community to understand."

As principal investigator, Dixon developed the app alongside co-principal investigators Yi Qiang from the USF School of Geosciences and two others from Georgia Tech, Subhrajit Guhathakurta from the College of Design and Peng Chen from the College of Computing.

The research team will continue to work with community partners in St. Petersburg and other flood-prone coastal areas of Pinellas County to refine the app. As the CRIS-HAZARD app gains users and data, the team hopes to make it available to communities nationwide.
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The couples who cope together, stay together | ScienceDaily
An Australian-first study has lifted the lid on how couples living with rheumatoid arthritis cope with the debilitating disease finding that those who cope with problems together had less psychological distress and better relationships.


						
The study, published in The Journal of Rheumatology examined dyadic coping -- when a couple engages in joint problem solving, joint information gathering, or the sharing of feelings and mutual commitment -- from both partners' perspectives using a sample of 163 couples.

"Dyadic coping, the process of coping that transpires between couples challenged by one partner's illness, is an important predictor of disease adjustment and patient well-being," says lead author Dr Manasi Murthy Mittinty from the College of Medicine and Public Health.

"Dyadic coping contributes to a sense of togetherness, encouraging couples to develop strategies as a unit to respond to stressful events, and it represents a protective factor for minimising the risk of divorce.

"Working together as a couple is crucial for managing the challenges they face when one partner has an illness, particularly in rheumatoid arthritis."

Rheumatoid arthritis (RA) is an autoimmune condition that can cause irreversible tissue damage, progressive deformity and pain. Approximately 18 million people worldwide are living with RA, including nearly 456,000 Australians.

Although management of RA has improved dramatically due to biologics, some patients are still confronted by severe physical pain and stiffness and about 35% of people report experiencing mental and behavioural conditions, such as bipolar disorder, mania and anxiety disorder.




"We found that supportive dyadic coping leads to lower depression, anxiety, and stress for patients, as well as improved relationship quality. In contrast, negative dyadic coping increases psychological distress and reduces relationship quality for both partners," says Dr Mittinty.

"By examining the interpersonal dynamics of couples grappling with chronic disease, we hope to significantly improve the quality of life for patients living with rheumatoid arthritis and their spouse."

The study is the first in Australia to report dyadic coping from the perspective of both participants with RA and their spouses.

RA patients and their spouses were invited to participate in an online survey study if they were more than 18 years old and had lived together for more than a year. The survey included the Chronic Pain Grade Scale, Dyadic Coping Inventory, Depression Anxiety Stress Scale, and Dyadic Adjustment Scale.

"The results underscore the interconnected nature of dyadic coping, highlighting the need to consider both viewpoints in understanding its impact on couples.

"For decades, the focus has been limited to reducing patients' illness-related distress and improving patient outcomes. More recently, scientists have adopted a new approach into understanding how illness in a spouse can affect the couple's relationship and the other spouse's well-being.

"Our findings demonstrate the reciprocal nature of dyadic coping that transpires between patients with RA and their spouses and showcases that integrating dyadic coping training in disease management may be a valuable resource for enhanced mental health outcomes and relationship quality of couples," she adds.
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Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity | ScienceDaily
A KAIST research team led by Professor Keon Jae Lee has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.


						
Conventional LED masks, with their rigid design, fail to conform closely to the skin's contours. This limitation causes substantial light reflection, with up to 90% reflected over a distance of 2 cm, reducing light penetration and limiting stimulation of the deep skin layers essential for effective skin rejuvenation.

To address these challenges, Professor Lee's team developed a face-conforming surface lighting micro-LED (FSLED) mask, which can provide uniform photostimulation to the dermis. The key technology lies in the mask's ability to deliver uniform light to deep skin tissues while maintaining a conformal skin attachment. This is achieved through a 3D origami structure, integrated with 3,770 micro-LEDs and flexible surface light-diffusion layer, minimizing the gaps between the light source and the skin.

In clinical trials involving 33 participants, the FSLED mask demonstrated a 340% improvement in deep skin elasticity compared to conventional LED masks, proving its efficacy in significantly reducing skin wrinkles, sagging and aging.

Professor Keon Jae Lee said, "The FSLED mask provides cosmetic benefits to the entire facial dermis without the side effects of low-temperature burns, making home-care anti-aging treatment that enhances the quality of human life possible. The product is being manufactured by Fronics, KAIST startup company, and will be distributed globally through Amorepacific's network, with sales starting in November."
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New imaging analysis technique revolutionizes diagnostics of head and neck cancers | ScienceDaily
Squamous cell carcinoma of the head and neck area is among the ten most common types of cancer.


						
Using a method based on machine learning, researchers at the University of Helsinki in collaboration with the University of Turku and the Max Planck Institute for Molecular Biomedicine in Germany analysed hundreds of biobank patient samples at the level of accuracy of individual cells. The new technology combines indicators of cancer cell behavior and the architecture of the tumor and the surrounding healthy tissue to create a type of 'fingerprint' for each patient that can be used to assess the prognosis and treatment response to cancer.

The most significant finding of the study was the development of a new imaging analysis technique that combines analyses of biomarkers of cell behavior with morphological analyses of single cell shape and the structure of the entire tumor tissues. The method enabled the identification of two new previously undetected groups of patients. For the first group, the prognosis was exceptionally good, while in the second it was exceptionally bad. The difference was explained by the spefic combination of a specific cancer cell state and the composition of the tissue surrounding the cancer cells. In the latter group, the aggressiveness of the disease was associated with signalling between cancer tissue and surrounding healthy connective tissue mediated by the epidermal growth factor (EGF).

"These results are a breakthrough in understanding cancer development and diagnostics. For the first time, we have shown that specific combinations of malignant cells and tissue cell types in what is considered healthy tissue have a strong prognostic effect on cancer progression. In addition, we identified a key signalling pathway that explains this compound effect and which can be pharmacologically targeted, consequently significantly affecting the progression of the cancer," says Research Director Sara Wickstrom.

"In addition, our method was able to identify patients with a particularly poor prognosis who would benefit from an aggressive treatment strategy. On the other hand, we also identified a group of patients whose prognosis was good and for whom a less aggressive treatment, such as a surgical procedure alone, could be sufficient. This would help preserve patient quality of life" says Postdoctoral Researcher Karolina Punovuori from Wickstrom's research group.

Diagnostic test under development

The new imaging method opens the door for precision diagnoses for cancers in the head and neck area. The researchers are currently developing a diagnostic test for more accurate diagnosis of this type of cancer. In addition, they are also studying the use of the method in the diagnostics of other types of cancer, such as colorectal cancer. They have received Business Finland's Research to Business funding for the Multivision Diagnostics project, which develops applications that may become available to cancer clinics.

"Our research utilises the latest analysis methods in machine learning and spatial biology. We analyse hundreds of patient samples and millions of cells, which is only possible with the help of high-performance computers and artificial intelligence. This study is part of a new revolution in cancer diagnostics. We believe that the technology will significantly improve cancer diagnostics and the accuracy of treatment strategies," Sara Wickstrom explains.

"Imaging of cancer biomarkers using antibody stainings is already in clinical use. Therefore the method will not be particularly expensive, since it only requires the algorithm developed by us and a special combination of antibodies. Considering the cost of cancer treatment, this is actually quite affordable," she continues.

Head and neck cancers have increased considerably in the last 30 years.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241029121103.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Subtle eye movements optimize vision | ScienceDaily
Our ability to see starts with the light-sensitive photoreceptor cells in our eyes. A specific region of the retina, termed fovea, is responsible for sharp vision. Here, the color-sensitive cone photoreceptors allow us to detect even the smallest details. The density of these cells varies from person to person. Additionally, when we fixate on an object, our eyes make subtle, continuous movements, which also differ between individuals. Researchers from the University Hospital Bonn (UKB) and the University of Bonn have now investigated how sharp vision is linked to these tiny eye movements and the mosaic of cones. Using high-resolution imaging and micro-psychophysics, they demonstrated that eye movements are finely tuned to provide optimal sampling by the cones. The results of the study have now been published in the journal eLife.


						
Humans can fixate their gaze on an object to see it clearly thanks to a small region in the center of the retina. This area, known as the fovea (latin for "pit"), is made up of a tightly packed mosaic of light-sensitive cone photoreceptor cells. Their density reaches peaks of more than 200,000 cones per square millimeter -- in an area about 200 times smaller than a quarter-dollar coin. The tiny foveal cones sample the portion of visual space visible to the eye and send their signals to the brain. This is analogous to the pixels of a camera sensor, with millions of photo-sensitive cells spread across their surface.

However, there is an important difference: unlike the pixels of a camera sensor, the cones in the fovea are not uniformly distributed. Each eye has a unique density pattern in their fovea. Additionally, "unlike a camera, our eyes are constantly and unconsciously in motion," explains Dr. Wolf Harmening, head of the AOVision Laboratory at the Department of Ophthalmology at UKB and a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn. This happens even when we are looking steadily at a stationary object. These fixational eye movements convey fine spatial details by introducing ever-changing photoreceptor signals, which must be decoded by the brain. It is well known that one of the components of fixational eye movements, termed drift, can differ between individuals, and that larger eye movements can impair vision. How drift relates to the photoreceptors in the fovea, however, and our ability to resolve fine detail has not been investigated until now.

Using High-Resolution Imaging and Micro-Psychophysics

This is precisely what Harmening's research team has now investigated by using an adaptive optics scanning light ophthalmoscope (AOSLO), the only one of its kind in Germany. Given the exceptional precision offered by this instrument, the researchers could examine the direct relationship between cone density in the fovea and the smallest details we can resolve. At the same time, they recorded the tiny movements of the eyes. To do this, they measured visual acuity of 16 healthy participants while performing a visually demanding task. The team tracked the path of the visual stimulus on the retina to later determine which photoreceptor cells contributed to vision in each participant. The researchers -- including first author Jenny Witten from the Department of Ophthalmology at UKB, who is also a PhD student at the University of Bonn -- used AOSLO video recordings to analyze how the participants' eyes moved during a letter discrimination task.

Eye Movements are finely tuned to Cone Density 

The study revealed that humans are able to perceive finer details than the cone density in the fovea would suggest. "From this, we conclude that the spatial arrangement of foveal cones only partially predicts resolution acuity," reports Harmening. In addition, the researchers found that tiny eye movements influence sharp vision: during fixation, drift eye movements are precisely aligned to systematically move the retina synchronized with the structure of the fovea. "The drift movements repeatedly brought visual stimuli into the region where cone density was highest," explains Witten. Overall, the results showed that within just a few hundred milliseconds, drift behavior adjusted to retinal areas with higher cone density, improving sharp vision. The length and direction of these drift movements played a key role.

According to Harmening and his team, these findings provide new insights into the fundamental relationship between eye physiology and vision: "Understanding how the eye moves optimally to achieve sharp vision can help us to better understand ophthalmological and neuropsychological disorders, and to improve technological solutions designed to mimic or restore human vision, such as retinal implants."

Funding: This work was supported by the Emmy Noether Program of the German Research Foundation (DFG); the Carl Zeiss Foundation (HC-AOSLO); Novartis Pharma GmbH (EYENovative research award), and the Open Access Publication Fund of the University of Bonn.
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Have we found all the major Maya cities? Not even close, new research suggests | ScienceDaily
Using laser-guided imaging to peer through dense jungle forests, Tulane University researchers have uncovered vast unexplored Maya settlements in Mexico and a better understanding of the ancient civilization's extent and complexity.


						
The new research, published in the journal Antiquity, was led by Tulane University anthropology doctoral student Luke Auld-Thomas and his advisor, Professor Marcello A. Canuto.

The team used lidar, a laser-based detection system, to survey 50 square miles of land in Campeche, Mexico, an area largely overlooked by archaeologists. Their findings included evidence of more than 6,500 pre-Hispanic structures, including a previously unknown large city complete with iconic stone pyramids.

"Our analysis not only revealed a picture of a region that was dense with settlements, but it also revealed a lot of variability," said Auld-Thomas, a doctoral student in Tulane's Anthropology Department and instructor at Northern Arizona University. "We didn't just find rural areas and smaller settlements. We also found a large city with pyramids right next to the area's only highway, near a town where people have been actively farming among the ruins for years. The government never knew about it; the scientific community never knew about it. That really puts an exclamation point behind the statement that, no, we have not found everything, and yes, there's a lot more to be discovered."

The Middle American Research Institute (MARI) at Tulane University has been pioneering the use of lidar technology in archaeological research. Over the past decade, the MARI has built a state-of-the art Geographic Information Systems (GIS) lab, managed by Francisco Estrada-Belli, to analyze remote sensing data, such as lidar.

Lidar technology uses laser pulses to measure distances and create three-dimensional models of specific areas. It has allowed scientists to scan large swaths of land from the comfort of a computer lab, uncovering anomalies in the landscape that often prove to be pyramids, family houses and other examples Maya infrastructure.

"Thanks to generous funding from the Hitz Foundation, MARI has been at the forefront of the use of lidar technology in archaeological research over the past decade," said Canuto, director of the MARI. "Now our efforts are expanding from data analysis to data collection and acquisition. The work conducted on these data from Campeche represent how MARI's 'lidar footprint' is expanding."

This research may also help resolve ongoing debates about the true extent of Maya settlements.




"Because lidar allows us to map large areas very quickly, and at really high precision and levels of detail, that made us react, 'Oh wow, there are so many buildings out there we didn't know about, the population must have been huge,'" Auld-Thomas said. "The counterargument was that lidar surveys were still too tethered to known, large sites, such as Tikal, and therefore had developed a distorted image of the Maya lowlands. What if the rest of the Maya area was far more rural and what we had mapped so far was the exception instead of the rule?"

The study highlights the transformative power of lidar technology in unveiling the secrets of ancient civilizations. It also provides compelling evidence of a more complex and varied Maya landscape than previously thought.

"Lidar is teaching us that, like many other ancient civilizations, the lowland Maya built a diverse tapestry of towns and communities over their tropical landscape," Canuto said. "While some areas are replete with vast agricultural patches and dense populations, others have only small communities. Nonetheless, we can now see how much the ancient Maya changed their environment to support a long-lived complex society."
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Materials research: Surprise at the grain boundary | ScienceDaily
Using state-of-the-art microscopy and simulation techniques, an international research team systematically observed how iron atoms alter the structure of grain boundaries in titanium. They were in for a surprise: "Iron atoms not only segregate to the interface, but they form entirely unexpected cage-like structures," explains Prof. Dr. Christian Liebscher from the Research Center Future Energy Materials and Systems of the University Alliance Ruhr. The researchers did not expect such a behavior. Their findings have been published in the journal Science on October 25, 2024.


						
A new type of segregation behavior

Most technological materials have a polycrystalline structure: they are composed of different crystals, where atoms are arranged in a regular lattice. These crystals do not have the same orientation everywhere and the interfaces separating them are known as grain boundaries. "These grain boundaries have an enormous influence on the durability and overall performance of a material," says Dr. Vivek Devulapalli who has performed the microscopy work of the study. He adds: "But we have very limited understanding what happens when elements segregate to grain boundaries and how they influence the properties of a material."

The key to success was to observe and model the structures at atomic resolution. The researchers correlated their results from atomic-resolution scanning transmission electron microscopy with advanced computer simulations. A new grain boundary structure prediction algorithm was able to generate the experimentally observed structures and enables to study their structure. "Our simulations show that for different iron contents, we always find the cage structures as the underlying building blocks of different grain boundary phases. As the iron level increases at the grain boundary, more icosahedral units appear and eventually agglomerate," explains Dr. Enze Chen from Stanford University. An icosahedron is a geometric object with 12 corners or vertices, in this case occupied by atoms, and 20 planes.

"We have identified more than five distinct structures or grain boundary phases of the same boundary, all composed of different arrangements of the same icosahedral cage units," adds Dr. Timofey Frolov who was leading the computational work of the study.

Quasicrystalline-like grain boundary phases

A closer inspection of the cage structures revealed that the atoms adopt an icosahedral arrangement with iron atoms being located at the center of the icosahedron and titanium atoms occupying its vertices. "The icosahedral cages enable a dense packing of iron atoms and since they can form aperiodic clusters, more than two to three times the amount of iron can be accommodated at the grain boundary," explains Vivek Devulapalli. "It appears as if iron is trapped inside of quasicrystalline-like grain boundary phases," adds Chen. "This is attributed to the properties of the icosahedral cages," says Liebscher, "and we now need to find ways to study how they influence the interface properties and with this the material behavior."

New pathways for materials design

Understanding and controlling the formation of icosahedral grain boundary phases with different structures and properties can potentially be used to tailor the properties of materials. The researchers now want to systematically investigate how these novel grain boundary states can be used to tune material behavior, adjust a certain material functionality and to make materials more resilient against degradation processes.
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More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming | ScienceDaily
The unprecedented temperatures in the summer of 2022 caused more than 68,000 deaths on the continent, according to astudy by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the 'la Caixa' Foundation. A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would not have occurred without anthropogenic warming.


						
The starting point was previous research in which, using temperature and mortality records from 35 European countries, epidemiological models were fitted to estimate heat-related mortality in the summer 2022. Using a dataset of global mean surface temperature anomalies between 1880 and 2022, they estimated the increase in temperatures due to anthropogenic warming for every region. They then subtracted those increases from the recorded temperatures to obtain an estimate of what temperatures would have been in the absence of anthropogenic warming. Finally, using the model developed in the first study, they estimated mortality for a hypothetical scenario where those temperatures would have occurred.

The results, published in npj Climate and Atmospheric Science, showed that the number of heat-related deaths per million inhabitants attributed to anthropogenic warming was twice as high in the Southern regions compared to the rest of Europe.

In line with previous studies, the team found a higher number of heat-related deaths attributed to climate change among women (22,501 out of 37,983 deaths) and people aged 80 years or more (23,881 out of 38,978 deaths) as opposed to men (14,026 out of 25,385 deaths) and people aged 64 years or less (2,702 out of 5,565 deaths).

"This study sheds light on the extent to which global warming impacts public health. While we observe an increase of heat-related mortality across nearly all the countries analysed, not everyone is affected equally, with women and the elderly particularly vulnerable to the adverse effects of rising temperatures," says Thessa Beck, ISGlobal researcher, and the study's first author.

Urgent need for ambitious adaptation and mitigation measures

Temperatures in Europe are rising twice as fast as the global average, exacerbating health impacts. But climate change has not only exacerbated heat-related mortality in exceptionally hot summers as in 2022. According to the study's findings, between 44% and 54% of heat-related summer mortality between 2015 and 2021 can be attributed to global warming. In absolute terms, this corresponds to an annual burden of between 19,000 and 28,000 deaths. By comparison, the figures for 2022 show an alarming 40% increase in heat-related mortality and a two-thirds increase in mortality attributed to anthropogenic warming.

"Our study urgently calls on governments and national authorities in Europe to increase the ambition and effectiveness of surveillance and prevention measures, new adaptation strategies, and global mitigation efforts. Without strong action, record temperatures and heat-related mortality will continue to rise in the coming years," says Joan Ballester Claramunt, Principal Investigator of the European Research Council (ERC) Consolidator Grant EARLY-ADAPT
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Oceanographers record the largest predation event ever observed in the ocean | ScienceDaily
There is power in numbers, or so the saying goes. But in the ocean, scientists are finding that fish that group together don't necessarily survive together. In some cases, the more fish there are, the larger a target they make for predators.


						
This is what MIT and Norwegian oceanographers observed recently when they explored a wide swath of ocean off the coast of Norway during the height of spawning season for capelin -- a small Arctic fish about the size of an anchovy. Billions of capelin migrate each February from the edge of the Arctic ice sheet southward to the Norwegian coast, to lay their eggs. Norway's coastline is also a stopover for capelin's primary predator, the Atlantic cod. As cod migrate south, they feed on spawning capelin, though scientists have not measured this process over large scales until now.

Reporting their findings in Nature Communications Biology, the MIT team captured interactions between individual migrating cod and spawning capelin, over a huge spatial extent. Using a sonic-based wide-area imaging technique, they watched as random capelin began grouping together to form a massive shoal spanning tens of kilometers. As the capelin shoal formed a sort of ecological "hotspot," the team observed individual cod begin to group together in response, forming a huge shoal of their own. The swarming cod overtook the capelin, quickly consuming over 10 million fish, estimated to be more than half of the gathered prey.

The dramatic encounter, which took place over just a few hours, is the largest such predation event ever recorded, both in terms of the number of individuals involved and the area over which the event occurred.

This one event is unlikely to weaken the capelin population as a whole; the preyed-upon shoal represents 0.1 percent of the capelin that spawn in the region. However, as climate change causes the Arctic ice sheet to retreat, capelin will have to swim farther to spawn, making the species more stressed and vulnerable to natural predation events such as the one the team observed. As capelin sustains many fish species, including cod, continuously monitoring their behavior, at a resolution approaching that of individual fish and across large scales spanning tens of thousands of square kilometers, will help efforts to maintain the species and the health of the ocean overall.

"In our work we are seeing that natural catastrophic predation events can change the local predator prey balance in a matter of hours," says Nicholas Makris, professor of mechanical and ocean engineering at MIT. "That's not an issue for a healthy population with many spatially distributed population centers or ecological hotspots. But as the number of these hotspots deceases due to climate and anthropogenic stresses, the kind of natural 'catastrophic' predation event we witnessed of a keystone species could lead to dramatic consequences for that species as well as the many species dependent on them."

Makris' co-authors on the paper are Shourav Pednekar and Ankita Jain at MIT, and Olav Rune Godo of the Institute of Marine Research in Norway.




Bell sounds

For their new study, Makris and his colleagues reanalyzed data that they gathered during a cruise in February of 2014 to the Barents Sea, off the coast of Norway. During that cruise, the team deployed the Ocean Acoustic Waveguide Remote Sensing (OAWRS) system -- a sonic imaging technique that employs a vertical acoustic array, attached to the bottom of a boat, to send sound waves down into the ocean and out in all directions. These waves can travel over large distances as they bounce off any obstacles or fish in their path.

The same or a second boat, towing an array of acoustic receivers, continuously picks up the scattered and reflected waves, from as far as many tens of kilometers away. Scientists can then analyze the collected waveforms to create instantaneous maps of the ocean over a huge areal extent.

Previously, the team reconstructed maps of individual fish and their movements, but could not distinguish between different species. In the new study, the researchers applied a new "multispectral" technique to differentiate between species based on the characteristic acoustic resonance of their swim bladders.

"Fish have swim bladders that resonate like bells," Makris explains. "Cod have large swim bladders that have a low resonance, like a Big Ben bell, whereas capelin have tiny swim bladders that resonate like the highest notes on a piano."

By reanalyzing OAWRS data to look for specific frequencies of capelin versus cod, the researchers were able to image fish groups, determine their species content, and map the movements of each species over a huge areal extent.




Watching a wave

The researchers applied the multi-spectral technique to OAWRS data collected on Feb. 27, 2014, at the peak of the capelin spawning season. In the early morning hours, their new mapping showed that capelin largely kept to themselves, moving as random individuals, in loose clusters along the Norwegian coastline. As the sun rose and lit the surface waters, the capelin began to descend to darker depths, possibly seeking places along the seafloor to spawn.

The team observed that as the capelin descended, they began shifting from individual to group behavior, ultimately forming a huge shoal of about 23 million fish that moved in a coordinated wave spanning over ten kilometers long.

"What we're finding is capelin have this critical density, which came out of a physical theory, which we have now observed in the wild," Makris says. "If they are close enough to each other, they can take on the average speed and direction of other fish that they can sense around them, and can then form a massive and coherent shoal."

As they watched, the shoaling fish began to move as one, in a coherent behavior that has been observed in other species but never in capelin until now. Such coherent migration is thought to help fish save energy over large distances by essentially riding the collective motion of the group.

In this instance, however, as soon as the capelin shoal formed, it attracted increasing numbers of cod, which quickly formed a shoal of their own, amounting to about 2.5 million fish, based on the team's acoustic mapping. Over a few short hours, the cod consumed 10.5 million capelin over tens of kilometers before both shoals dissolved and the fish scattered away. Makris suspects that such massive and coordinated predation is a common occurrence in the ocean, though this is the first time that scientists have been able to document such an event.

"It's the first time seeing predator-prey interaction on a huge scale, and it's a coherent battle of survival," Makris says. "This is happening over a monstrous scale, and we're watching a wave of capelin zoom in, like a wave around a sports stadium, and they kind of gather together to form a defense. It's also happening with the predators, coming together to coherently attack."

The team hopes to deploy OAWRS in the future to monitor the large-scale dynamics among other species of fish.

"It's been shown time and again that, when a population is on the verge of collapse, you will have that one last shoal. And when that last big, dense group is gone, there's a collapse," Makris says. "So you've got to know what's there before it's gone, because the pressures are not in their favor."

This work was supported, in part, by the U.S. Office of Naval Research and the Institute of Marine Research in Norway.
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Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks | ScienceDaily

However, researchers caution that ongoing habitat degradation and persistent droughts could threaten the long-term effectiveness of this natural deterrent.

Kenya is facing rapid human population growth, with a 59.4% increase between 2000 and 2020, which has led to the shrinking of elephant habitats as human settlements and infrastructure expand. Finding sustainable ways for people and elephants to coexist is becoming an urgent challenge for KWS, responsible for protecting the country's natural resources amid growing economic development needs. Keeping elephants safely away from subsistence farms is a major focus of Save the Elephants' Coexistence Programme.

Beehive fences, introduced in 2007 by STE and KWS, in partnership with the University of Oxford, offer an innovative approach. These fences consist of a series of live beehives strung together between posts, creating a physical, auditory, and olfactory deterrent to elephants. The elephants' natural fear of being stung keeps them away, while the fences also benefit farmers by providing pollination services and generating income through honey and wax production.

The study monitored 26 farms protected by beehive fences in two villages near Tsavo East National Park, and analysed nearly 4,000 incidents of elephant approaches. Elephants roam freely in and out of the park throughout the year as they look for mates, food and water, but can be attracted by the smell and nutritional richness of agricultural crops.

During six peak crop-growing seasons (November to January 2014-2020), 3,027 elephants approached the farms and the beehive fences successfully deterred an annual average of 86.3% of elephants from raiding crops. Across all seasons and the entire study period, including a drought, the fences deterred an annual average of 76% of elephants.

However, challenges such as the drought -- which reduced hive occupation by 75% during 2017 -- negatively impacted honey production and profits both during the drought and for three years after. Despite this climatic shock, the 365 beehives used in the study produced one ton of honey, sold for $2,250.

Dr Lucy King from Save the Elephants and the University of Oxford's Department of Biology, who led the study, highlighted the effectiveness of beehive fences but warned of future risks. "Beehive fences are very effective at reducing up to 86.3% of elephant raids when the crops in the farms are at their most attractive," she said, "but our results also warn that increased habitat disturbance or more frequent droughts could reduce the effectiveness of this nature-based coexistence method."

Dr. Patrick Omondi, Director Wildlife Research and Training Institute, emphasised the importance of continued research and funding for sustainable solutions. "Kenya is facing increasing challenges with human-elephant conflict, and solutions like beehive fences empower communities to manage their own farm protection," he said. "We need more research and support for nature-based solutions to help our communities live better alongside wildlife."

Previous research by Save the Elephants, KWS and the University of Oxford in partnership with bioacoustician scientists from Disney's Animal Kingdom(r) has shown that elephants respond strongly to bees, running away from disturbed bee sounds and exhibiting behaviours such as head-shaking, dusting, and rumbling to warn others. While elephants' thick skin usually protects them, disturbed honey bees target sensitive areas like the eyes, mouth, and trunk, where their stings cause discomfort. This natural fear of bees has been harnessed as a practical tool to keep elephants away from farms, helping to promote coexistence between humans and wildlife. To date over 14,000 beehives have been hung as elephant deterrents in 97 sites across Africa and Asia.
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Scientist on personal mission to improve global water safety makes groundbreaking discovery | ScienceDaily
A study led by the University of Bristol shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.


						
For the lead researcher it's an academic and personal mission because he witnessed first-hand the constant struggle to find clean, arsenic-free water as a child in India.

Lead author Dr Jagannath Biswakarma, Senior Research Associate at the University's School of Earth Sciences, said: "There are millions of people living in regions affected by arsenic, like I was growing up. This breakthrough could pave the way for safer drinking water and a healthier future."

Arsenic pollution exposure is a huge environmental and public health issue in southern and central Asia and South America, where people depend on groundwater for drinking and farming. The more toxic and mobile form of arsenic, called arsenite, easily seeps into water supplies and can lead to cancers, heart disease and other serious conditions.

Dr Biswakarma said: "I've seen the daily battle for safe drinking water in my hometown Assam. It's very hard to find groundwater sources that aren't contaminated with arsenic, so for me this research hits close to home. It's an opportunity to not only advance science, but also better understand the extent of a problem which has affected so many people in my own community and across the world for many decades."

Scientists previously believed arsenite could only be turned into the less harmful form, called arsenate, with oxygen. But this new study has shown it can still be oxidised, even in the absence of oxygen, with small amounts of iron which act as a catalyst for oxidation.

Dr Biswakarma said: "This study presents a new approach to addressing one of the world's most persistent environmental health crises by showing that naturally occurring iron minerals can help oxidise, lowering the mobility of arsenic, even in low-oxygen conditions."

Study findings revealed that arsenite could be oxidised by green rust sulfate, a source of iron prevalent in low-oxygen conditions, such as groundwater supplies. They also showed this oxidation process is further enhanced with a chemical released by plants and commonly found in soils and groundwater.




"These organic ligands, such a citrate from plant roots, could play a critical role in controlling arsenic mobility and toxicity in natural environments," Dr Biswakarma added.

The implications of this discovery are particularly significant for regions in the Global South facing some of the world's highest levels of arsenic pollution. In countries such as India and Bangladesh, the local geology is rich in iron, and reducing conditions often dominate in groundwater systems, leading to high levels of arsenic contamination. In the Ganges-Brahmaputra-Meghna Delta, which spans Bangladesh and eastern India, millions of people have been exposed to arsenic-contaminated groundwater for decades as the chemical enters the water through natural processes.

Dr Biswakarma said: "Many households rely on tube wells and hand pumps, but these systems do not guarantee access to clean water. The water often cannot be used for drinking or other household tasks due to its toxicity, odour, and discoloration. Additionally, there is an ongoing financial burden associated with obtaining new tube wells or hand pumps. As a result, economically disadvantaged families continue to struggle to find safe water for their daily needs."

Similarly, the Mekong Delta and the Red River Delta, in Vietnam, face ongoing challenges with arsenic pollution, affecting drinking water supplies and agricultural productivity. Rice paddies can become hotspots of arsenic exposure, as the toxic chemical can accumulate in soil and be absorbed by rice plants, posing a further health risk through food consumption.

"The research opens the door for developing new strategies to mitigate arsenic pollution. Understanding the role of iron minerals in arsenic oxidation could lead to innovative approaches to water treatment or soil remediation, using natural processes to convert arsenic into its less harmful form before it enters drinking water supplies," said co-author Molly Matthews, who worked on the paper during her Masters degree in Environmental Geoscience at the University of Bristol.

Identifying the specific form of arsenic in a sample can be challenging. Even a trace amount of oxygen can convert arsenite into arsenate, so it is vital to protect samples from exposure to air. Thanks to funding from the European Synchrotron Radiation Facility (ESRF) the team was able to conduct these complex experiments at its XMaS synchrotron facility, in Grenoble, France.




Co-author Dr James Byrne, Associate Professor of Earth Sciences, added: "Determining arsenic formation at the atomic level using X-ray absorption spectroscopy was crucial for confirming changes to the arsenic oxidation state. The synchrotron therefore played a pivotal role in supporting our findings, which have potentially broad implications for our understanding of water quality."

This work at University of Bristol was supported through a UK Research & Innovation (UKRI) Future Leaders Fellowship (FLF) awarded to Dr James Byrne. Further research is now needed to explore how these findings can be applied in real-world settings.

Dr Biswakarma said: "The whole research team worked tirelessly on this project, putting in 24/7 shifts including over Easter to conduct the experiments in France.

"I genuinely believe, with more work, we can find effective possible solutions and we're already making great inroads to overcoming this big global issue. We're excited to investigate how this process might work in different types of soils and groundwater systems, especially in areas where arsenic contamination is most severe."

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 advancing equitable and sustainable health, and driving forward social justice.
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Strategy to reduce the amount of propofol waste in the operating room | ScienceDaily
Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers at the University Hospital Bonn (UKB) and the University of Bonn have now shown that an alternative method reduces the amount of waste. Instead of a separate syringe for the induction and maintenance of anesthesia, the researchers were able to show that the use of a single syringe pump for the induction and maintenance of anesthesia is more sustainable: propofol waste could be reduced by between 30 and 50 percent. The study has now been published in the British Journal of Anaesthesia.


						
In times of climate change, hospitals also need to develop sustainable strategies for the protection of resources. Anesthesiology and intensive care medicine are among the most resource- and energy-intensive areas: they generate a significant proportion of hospital and medication waste, which must be disposed of properly. "Propofol is a leader in terms of medication waste," explains Prof. Dr. Mark Coburn, Director of the Department of Anesthesiology and Operative Intensive Care Medicine (KAI) at the UKB, who also conducts research at the University of Bonn. The anesthetic is used to induce and maintain anesthesia. It is routinely injected in the operating room first with a syringe to induce anesthesia and, after the patient has fallen asleep, a continuous infusion often follows via a separate automatic syringe pump. The problem: "In some institutions, up to 45 percent of all medication waste in the operating room is propofol," emphasizes Dr. Florian Windler, a KAI assistant physician at the UKB. In addition, a quarter of the anesthetic prepared remains unused or underused at the end of the operation and goes to waste.

Is a single syringe pump more ecological?

A research team in Bonn has now investigated whether the use of a single syringe pump for both induction and maintenance of anesthesia instead of a separate syringe for induction reduces propofol waste. Anesthetists already use this method. There are no known disadvantages for patient safety as a result of this procedure. However, the researchers analyzed whether it is really more environmentally friendly by examining propofol consumption and waste in the anesthesia protocols of over 300 surgeries performed between June 2021 and June 2023. They compared the procedures using the conventional method with those using the alternative with only one syringe pump. They also examined whether the propofol discard between the two methods varied in relation to clinical data such as the age, weight and gender of the patients, as well as their alcohol and drug consumption.

The results showed that "on average, around 30 percent less propofol was discarded per operation when anesthesia was administered using a single syringe pump," says first and corresponding author Dr. Windler. For procedures lasting between 20 and 100 minutes, this procedure without a separate syringe for the anesthesia even resulted in up to almost 50 percent less propofol waste. Patient's age, gender, weight or pre-existing conditions had no influence on the waste in the operating room. The situation was different for patients who consumed alcohol or other substances on a regular basis. These patients usually require more anesthetic during surgery. The waste in these patients was increased. "Interestingly, this only occurred when we administered an additional syringe. The effect is not visible when using the syringe pump, but rather reduces waste by up to 49 percent," adds co-author Prof. Coburn.

A greener approach to anesthesia in the future

"Our analysis indicates that the use of a single syringe pump for both induction and maintenance of anesthesia is the best option overall," Dr. Windler concludes from the results. The method could therefore actually represent a more sustainable method. In addition, this also has an economic effect: if the procedure is used 10 to 15 times a day, around 1,300 of the frequently used 20-milliliter vials of propofol can be saved per year. "From an ecological as well as an economic point of view, the induction of anesthesia with a separate syringe should be reconsidered as the standard method," appeals Prof. Coburn. He initiated the Green Team at KAI at the UKB: "We want to put more emphasis on sustainability in the clinical focus," he explains. "The study on propofol waste shows how we can reduce the environmental impact of our work without compromising the quality of patient care."

Funding: The study was funded by the Sustainability Commission of the Medical Faculty of the University of Bonn and by the Department of Anesthesiology and Operative Intensive Care Medicine at the University Hospital Bonn.
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Newly discovered cyanobacteria could help sequester carbon from oceans and factories | ScienceDaily
An international coalition of researchers from the United States and Italy has discovered a novel strain of cyanobacteria, or algae, isolated from volcanic ocean vents that is especially adept at growing rapidly in the presence of CO2 and readily sinks in water, making it a prime candidate for biologically-based carbon sequestration projects and bioproduction of valuable commodities. This strain, nicknamed "Chonkus," was found off the coast of the island of Vulcano in Sicily, Italy -- an environment in which marine CO2 is abundant due to shallow volcanic vents. The discovery is described in a paper published today in Applied Environmental Microbiology.


						
"Dissolved carbon is relatively dilute compared to all the other molecules in the ocean, and that limits the growth of photosynthetic organisms that live there. We decided to investigate what happens when you alleviate that limiting factor by going to a place with plenty of carbon, where some organisms could have evolved the ability to use it to galvanize their growth," said co-corresponding author Max Schubert, Ph.D., who was a staff scientist at the Wyss Institute at Harvard University when the work was conducted and is now Lead Project Scientist at Align to Innovate. "This naturally occurring strain of cyanobacteria has several traits that could be useful to humans, including highly dense growth and a natural tendency to sink in water, making Chonkus a particularly interesting organism for future work on decarbonization and biomanufacturing."

From the shallow sea to the lab bench

Schubert and fellow corresponding author Braden Tierney, Ph.D. first met as bench neighbors in the lab of Wyss Core Faculty member George Church, Ph.D. nine years ago, but didn't start collaborating until both were later working at Harvard Medical School (HMS) in 2016. Schubert, a microbiologist who was interested in building tools for directed evolution of bacteria and their genomes, submitted a proposal to the HMS Consortium for Space Genetics' 2019 Symposium on Climate Changeto bring this work to cyanobacteria. He won the top prize, which funded his early forays into applying his tools to cyanobacteria to investigate their potential to help fix and sequester carbon.

Meanwhile, Tierney, who was then a postdoc co-advised by Schubert's advisor Church, was sent a paper by a friend about shallow seeps -- areas on the ocean floor where gasses seep into the water but are shallow enough to receive sunlight -- and realized that there might be photosynthetic microbes living in those environments that had evolved to be adept at capturing dissolved CO2 from the water. He made connections with Marco Milazzo, Ph.D. and Paola Quatrini, Ph.D., both professors at the University of Palermo in Sicily, who were actively studying nearby, accessible shallow seeps. Tierney secured funding for a collecting expedition from SeedLabs, and reached out to Schubert for help understanding and working with the cyanobacteria that could be present in that environment.

Tierney and Schubert assembled a coalition that ultimately included scientists from the Wyss Institute, HMS, Weill Cornell Medical College, Colorado State University, University of Wisconsin-Madison, MIT, the National Renewable Energy Laboratory in Colorado, and multiple institutions in Palermo, Italy. The group launched a field expedition to the ocean off the coast of Vulcano where they donned SCUBA suits and collected water samples from a CO2-rich shallow seep. They then shipped tubes of the seawater across the Atlantic to Boston, where scientists led by Schubert isolated and characterized the microbes living in the samples.

One microbe's bug is a feature for humanity

To coax their target cyanobacteria to grow, the researchers replicated the conditions a fast-growing cyanobacteria would thrive in: warm temperatures, lots of light, and plenty of CO2. After isolation from enrichment cultures, two strains of fast-growing cyanobacteria were discovered: UTEX 3221 and UTEX 3222. The team chose to focus on UTEX 3222 due to its single-celled growth, which made it easier to compare to existing cyanobacteria strains.




UTEX 3222 produced larger colonies than other known fast-growing cyanobacteria strains, and its individual cells were larger as well -- thus the moniker Chonkus. It also grew to higher density than existing strains, appeared to harbor carbon-containing storage granules in its cells, and had a higher overall carbon content than other strains: all potentially valuable traits for applications like carbon sequestration and bioproduction. Most interestingly, Chonkus rapidly settled into a dense pellet resembling "green peanut butter" at the bottom of its sample tubes, while other strains remained suspended. This behavior is especially valuable for industrial processing, as concentrating and drying biomass currently accounts for 15-30% of production costs.

"Many of the traits that we observed in Chonkus aren't inherently useful in their natural environment, but are very useful to humans. Aquatic organisms naturally grow at very low density, but being able to grow to a high density at higher temperatures is very helpful in the industrial environments that we use to manufacture many goods and products, and can help sequester more carbon," said Tierney. "An incredible amount of microbial diversity exists out there in the world, and we believe it's more efficient to seek out the microbes that have already evolved to succeed in human-relevant environments rather than trying to engineer all of the traits we want into lab-grown E. coli bacteria."

The team is excited about the many applications that could be addressed with Chonkus or modified versions of the microbe. Many organizations are investigating the use of fast-growing organisms for carbon sequestration, and Chonkus could one day join their ranks. Several products are currently manufactured in algae, like omega-3 fatty acids, the antioxidant astaxanthin, and spirulina, and could be made more efficiently in a strain that grows quickly and densely. And the fact that cyanobacteria directly harvest carbon from their environment to grow means that they can couple the processes of carbon sequestration and biomanufacturing together in a single organism. Samples of UTEX 3222 and UTEX 3221 are cryopreserved and publicly available for other researchers to use from the Culture Collection of Algae at the University of Texas, Austin.

Inspired by the success of their first expedition, Tierney has since co-founded a non-profit organization with paper co-authors Krista Ryon and James Henriksen called The Two Frontiers Project, which aims to study how life thrives in extreme environments through next-generation scientific expeditions. The group has already completed subsequent expeditions to hot springs in Colorado, the Smoking Lands in the Tyrrhenian Sea, the coral reefs of the Red Sea, and others. The organization is focused on microbes that have uses for three major applications: carbon capture, CO2 upcycling for sustainable products, and coral ecosystem restoration.

"The traits inherent in the naturally evolved cyanobacteria strains described in this research have the potential to be used both in industry and the environment, including biomanufacturing of useful carbon-based products or sinking large volumes of carbon to the ocean floor. While further modifications could be made to enhance these microbes' abilities, harnessing billions of years of evolution is a significant leg up in humanity's urgent need to mitigate and reverse climate change," said Church, who is also the Robert Winthrop Professor of Genetics at HMS and a Professor of Health Sciences and Technology at Harvard and MIT. "But it's very important to 'build the seatbelts before you build the car' -- our lab also studies bio-containment approaches that help contain and control these kinds of experiments."

"The Wyss Institute was founded on the belief that Nature is the best source of innovation on the planet, and that emulating its principles is the key to driving positive impact. I'm proud of this team for getting out of the lab and seeking Nature's best ideas where they've already developed. This is a wonderful example of how our new Sustainable Futures Initiative is pursuing out-of-the-box approaches to confront climate change -- the biggest challenge of our generation," said Wyss Founding Director Don Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and the Hansjorg Wyss Professor of Biologically Inspired Engineering at Harvard's John A. Paulson School of Engineering and Applied Sciences.

Additional authors of the paper include Tzu-Chieh Tang, Isabella Goodchild-Michelman, Krista Ryon, James Henriksen, Theodore Chavkin, Yanqi Wu, Teemu Miettinen, Stefanie Van Wychen, Lukas Dahlin, Davide Spatafora, Gabriele Turco, Michael Guarnieri, Scott Manalis, John Kowitz, Raja Dhir, Paola Quatrini, Christopher Mason, and Marco Milazzo.

This research was supported by the US Department of Energy (DOE) under grant no. DE-FG02-02ER63445 and by the National Science Foundation (NSF) award no. MCB-2037995, SEED Labs, the WorldQuant Foundation, the Scientific Computing Unit (SCU) at Weill Cornell Medical College, and the International CO2 Natural Analogues (ICONA) Network.
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Making 'scents' of aromas that differentiate beer and wine | ScienceDaily
Today, people increasingly seek non-alcoholic versions of beer or wine. Despite boasting different flavors, these two drinks share many aromas, which makes it difficult to produce alcohol-free versions that mimic the real thing. Researchers in ACS' Journal of Agricultural and Food Chemistry report on a literature analysis and experiment to characterize the chemical compounds that give beer and wine their unique fragrances. They say their findings could aid the development of flavorful, non-alcoholic substitutes.


						
Food and beverage researchers are working to recreate the enjoyable aromas and flavors of beer and wine in alcohol-free substitutes. However, because both beer and wine are fermented, they have similar fragrances, and little is known about which scents evoke the unique character of each drink. So, Xingije Wang, Stephanie Frank and Martin Steinhaus set out to identify the key ingredients that distinguish the aroma of beer from that of wine.

First the team conducted a literature review and identified the average proportions of 29 compounds from beer and 32 from wine that make up the drinks' aromas. The researchers used these proportions like recipes to concoct standard beverages that smelled like either beer or wine. From there, they tweaked these standards, swapping levels of select fragrances in the beer-like beverage to match those in the wine-like beverage, or vice versa, to test which ingredients influenced the perception of each drink. Trained taste-testers smelled each tweaked sample and evaluated it on a scale of beer-like to wine-like.

The researchers report that the taste-testers found that stronger fruity aromas made drinks smell more like wine. The team also swapped the entire profile of scented compounds from one standard into the opposite drink's base liquid. They discovered that the scented compounds, rather than the base liquid, made the biggest difference in beer- versus wine-like aroma to the testers. The researchers say their results could be used to develop drinks that better mimic beer or wine while meeting consumers' preferences for non-alcoholic options.

The authors acknowledge funding from the China Scholarship Council.
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Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging | ScienceDaily
Erebus Bay, Antarctica, is home to the southernmost population of the world's southernmost living mammal -- the Weddell seal. These seals may look like couch potatoes when they are resting on the ice, but Weddell seals go to great lengths to make a living in the harshest and most rapidly changing environments. Weddell seals are exceptional divers that can reach depths of more than 900 meters (2,952 feet) with some dives lasting 96 minutes -- well beyond their aerobic threshold.


						
New research from the Woods Hole Oceanographic Institution (WHOI) and partners sheds light on a novel dive foraging strategy, striking a fine balance when it comes to pushing their breath hold capacities and trying to maximize use of the seasonal Antarctic light.

According to the just published article in Communications Biology, the seals strategically conduct their deepest, longest, and most extreme dives earlier in the day, rather than during peak foraging times at midday.

Lead author Michelle Shero, an assistant scientist in Biology at WHOI, explained, "These extreme dives require longer recuperation times once the seals return to the surface. So, if the seals make extreme dives in the middle of the day when it is maximum light -- there may be lots of prey around that are easy to see, but the seals would still 'miss out' because they'd have to spend a lot of time recuperating. Not conducting extreme dives when prey is most accessible, may actually be the best strategy."

"We are seeing these animals through a whole year when it's daylight 24/7, a combination of daytime and nighttime, and then dark 24/7, providing a 'natural experiment' to better understand how the seals' feeding strategies change with a range of light conditions. During peak daylight hours, almost all animals including the seal's prey will descend deep into the water column to avoid predation. We expected that the seals would follow their food and that their deepest, longest dives might occur at midday when the sun is overhead. But what we surprisingly found was that the seals appeared to actually avoid making their most extreme dives during midday," said Shero, "allowing the seals to keep diving over and over without having to pause for long."

"This allows them to spend almost all of their time underwater, foraging under high-light conditions, which is best for visual hunters," continued Shero. "These animals are making very strategic decisions about when to make their long dives, so they can best interact with the daily changing environment in the Antarctic, allowing them to maximize their prey."

The researchers outfitted the seals with Conductivity Temperature Depth-Satellite Relay Dive Loggers, which collected a total of 8,913 seal days of behavioral data from 59 adult seals throughout the western Ross Sea in the Antarctic. The data helped shed light on the tradeoffs the seals make between the conservation of their oxygen stores and the energetic gains that could be realized with capturing prey.




"For me, one of the more surprising findings of this research was our discovery that Weddell seals 'plan' their activities in a much more nuanced way than I had previously appreciated," said journal article co-author Jennifer Burns, professor and chair of the Department of Biological Sciences at Texas Tech University, Lubbock. "Not only did the seals shift the average depth and duration of their dives in response to current light levels, but they also made their longest and most taxing dives at times when their recovery period was least likely to negatively impact overall foraging success. So not only were they planning when to forage, but it also seems that they were thinking ahead and planning when to rest."

"Although it may not be surprising that a visual predator would maximize foraging when daylight is most intense, scientifically showing Weddell seals are in tune with circadian rhythms/light levels while foraging is fascinating," said article co-author Kimberly Goetz, research fisheries biologist with the Marine Mammal Laboratory in Seattle, Washington. "Another important finding was that the circadian patterns were at odds with physiological constraints, in that exceedingly long dives did not overlap with optimal conditions for visual hunting presumably due to the time needed to recover afterward. Instead, animals likely opt to take full advantage of daylight by performing shallower dives that do not require as much recovery time before continuing to forage. The findings in this paper are likely applicable to other diving visual predators inhabiting marine environments with extreme variations in light levels throughout the year, including emperor penguins."

Article co-author Daniel Costa, distinguished professor of ecology and evolutionary biology at the University of California, Santa Cruz, noted, "Weddell seals live in one of the most hostile environments on the planet and need to keep their internal clock running during periods when the sun never sets or when the sun never rises. Our study found that they take great advantage of the periods of short-day length to make the longest dives that push their physiological ability to the extreme to do the most hunting when there is light to enable their search for food and or breathing holes in the ice.

Funding for this research was provided by the National Science Foundation (NSF) and the Every Page Foundation, with logistical support provided by NSF's U.S. Antarctic Program, Raytheon Polar Services, and Lockheed Martin ASC.
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Using AI to measure prostate cancer lesions could aid diagnosis and treatment | ScienceDaily
Prostate cancer is the second most common cancer in men, and almost 300,000 individuals are diagnosed with it each year in the U.S. To develop a consistent method of estimating prostate cancer size, which can help clinicians more accurately make informed treatment decisions, Mass General Brigham researchers trained and validated an AI model based on MRI scans from more than 700 prostate cancer patients. The model was able to identify and demarcate the edges of 85% of the most radiologically aggressive prostate lesions.


						
Tumors with a larger volume, as estimated by the AI model, were associated with a higher risk of treatment failure and metastasis, independent of other factors that are normally used to estimate this risk. Furthermore, for patients who received radiation therapy, the tumor volume performed better than traditional risk stratification for predicting metastasis. Researchers believe the tool could be used to help clinicians understand a tumor's aggressiveness, to inform more personalized treatment plans, and to guide radiation therapy. The study is published in the journal Radiology. 

"Al-determined tumor volume has the potential to advance precision medicine for patients with prostate cancer by improving our ability to understand the aggressiveness of a patient's cancer and therefore recommend the most optimal treatment," said first author David D. Yang, MD, of the Department of Radiation Oncology at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system.

MRI has improved the ability for clinicians to diagnose prostate cancer and is a routine part of diagnosis and treatment. While human clinicians can estimate tumor size based on MRI images, these estimates are somewhat subjective and can vary from person-to-person.

To develop a more consistent method of estimating tumor size, the researchers trained an AI model based on MRI images of prostate cancer tumors from 732 patients undergoing treatment at a single center. They then investigated whether the AI model's size estimates were associated with treatment success in the 5-to-10 years following diagnosis.

They showed that the AI model was able to locate and measure around 85% of prostate tumors that had a PI-RADS (Prostate Imaging Reporting and Data System) 5 score within the patient cohort. The score indicates a very high risk of clinically significant prostate cancer. The model's size estimates also showed potential as a prognostic marker: larger tumors were associated with higher risk that prostate cancer would come back, as measured by blood levels of prostate-specific antigen (PSA), or metastasize, both for patients who were treated surgically or with radiation therapy.

"The AI measurement itself can tell us something additional in terms of patient outcomes," said senior author Martin King, MD, PhD, of the Department of Radiation Oncology at the Brigham. "For patients, this can really tell them something about what are the chances of cure, and the likelihood that their cancer will reoccur or metastasize in the future."

In addition to helping clinicians and patients understand their cancer's aggressiveness, the AI model could also help guide radiation oncologists by pinpointing the tumor's focal region for more targeted treatment. It's also a much faster test compared to currently used methods of predicting prostate cancer aggressiveness, which usually take two weeks or longer to yield results. AI-informed testing could mean that patients can begin treatment sooner.




Cancer research is a foundational pillar in the care Mass General Brigham provides to patients. Research, along with the power of the system's strengths in innovation, education and community engagement, allows Mass General Brigham Cancer to deliver integrated cancer care for all, putting health equity at the center of that support. The vision is to provide a comprehensive, integrated and research-informed approach to cancer care, helping patients navigate their entire journey of care, from prevention and early detection to treatment and survivorship.

Looking ahead, the researchers are planning to test their model with a larger, multi-institutional dataset.

"We want to validate our findings, using other institutions and patient cohorts with different disease characteristics, to make sure that this approach is generalizable to all patients," said Yang.
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Optimal standing positions and ventilation in airport smoking lounges | ScienceDaily
While many smoking rooms in U.S. airports have closed in recent years, they are still common in other airports around the world. These lounges can be ventilated, but how much does it actually help the dispersion of smoke?


						
Research published in Physics of Fluids, by AIP Publishing, shows that not all standing positions in airport smoking lounges are created equal.

Researchers from the University of Hormozgan in Iran studied nicotine particles in a simulated airport smoking room and found that the thermal environment and positioning of smokers influenced how particles settle in the room.

Additionally, smokers seated farther from ventilation inlets experienced the lowest levels of pollution in the room.

"We expected that people who are standing in the corners would report the same amount of particles settling on their body," author Younes Bakhshan said. "But according to the numbers that we determined, the wave created by the ventilation in the room is not the same every time."

The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilation system with three exhaust air diffusers.

The manikin smokers "exhaled" cigarette smoke through their mouths and noses, and the flow of the particles was modeled and observed. They found that over time, as the concentration of particles decreases in the air, the particles settling on the smokers increases.




"According to the results, body heat causes more absorption of cigarette pollution," Bakhshan said. "We suggest that if people have to smoke in the room, empty places are the best to choose."

The results gave insight into improving ventilation in smoking lounges.

"According to previous research, displacement ventilation system is the best for a smoking room," Bakhshan said. "But if we want to optimize the HVAC system, we suggest that the exhaust should be installed on the wall in addition to the vents placed on the ceiling."

Next, the researchers want to take a step beyond measuring particle dispersion to particle reduction.

"We believe that smokers who go into the smoking room for the sake of others' health should be also protected from the harmful effects of secondhand smoke," Bakhshan said.
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Ancient gene influences immunity of First Nations Peoples of Oceania | ScienceDaily
An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study by scientists at the University of Colorado Anschutz Medical Campus.


						
"We found quite a diverse set of genes in this population but there was one allele that really stood out in terms of genetic composition," said the study's lead author Paul Norman, PhD, professor of biomedical informatics at the University of Colorado School of Medicine. "We did some investigating, and we suspect this allele to be of archaic human origin."

The study was published today in the journal Cell in collaboration with researchers from Australia, Papua New Guinea, Mexico and the United Kingdom.

The researchers traced the allele, a variant of a gene that arises from a mutation, to the `archaic people' or Denisovans who diverged from modern humans before eventually going extinct. Scientists believe the First Nations inhabitants of Australia, New Guinea, American Samoa, New Caledonia, the Solomon Islands and other parts of Oceania encountered and interbred with Denisovans after leaving Africa and traveling through Europe and Eurasia. That's where researchers believe they picked up the allele.

It's known as KIR3DLI*114 and the study said it is widespread and unique to Oceania as an allele derived from these archaic people. They suspect it may affect the body's immune response to infection, among factors accounting for the severity and poor outcomes of infectious diseases among First Nations peoples across Oceania.

"Likely following emigration out of Africa, present day First Nations Oceanians diverged from Eurasians," the study said. "Subsequent admixture with archaic humans introduced new genetic material, having major impact on genes of the immune system."

The scientists studied the immunogenic composition of this group and identified `a unique and divergent form of KIR3DL1' with characteristics of archaic human genetic sequences. Then they investigated the origin, distribution and functions of the allele to determine if it impacted the course of natural killer (NK) cell-driven immunity across Oceania.




Norman said the allele likely offered immuno-protection at some point but now may make First Nations peoples more susceptible to certain infectious diseases and other ailments.

"It must have had a protective quality once and we want to see what that is," he said.

The study found up to 30% of First Nations individuals in Oceania carry this allele or about five million people.

The implications are wide-ranging for innate and adaptive immunity, autoimmunity, cancer, immunotherapy and neurological disease. The study shows the direct impact of archaic genetics on First Nations peoples of Oceania.

"This is the first real demonstration of a really clear function of one of these archaic genes," Norman said. "The bigger picture is that we are using these methods to study these populations with the goal of addressing health disparities today and treating diseases across the populations."

Norman noted that this real-world study represents "our comprehensive collaboration with immunologists and infectious disease experts from the University of Melbourne Australia and Oxford, UK, structural biologists from Monash University, and indigenous health researchers from Charles Darwin and Queensland Universities in Australia. We are very grateful to all the participants for their contribution to this unique study."
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        It's not to be. Universe too short for Shakespeare typing monkeys
        It would take far longer than the lifespan of our universe for a typing monkey to randomly produce Shakespeare, a new study reveals.

      

      
        Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists
        Anecdotes abound of wildlife behaving 'drunk' after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists now challenge this assumption. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.

      

      
        Solar-powered animal cells
        Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artifici...

      

      
        Study shows natural regrowth of tropical forests has immense potential to address environmental concerns
        A new study finds that up to 215 million hectares of land (an area larger than Mexico) in humid tropical regions around the world has the potential to naturally regrow. That much forest could store 23.4 gigatons of carbon over 30 years and also have a significant impact on concerns like biodiversity loss and water quality. The study showed that more than half of the area with strong potential for regrowth was in five countries: Brazil, Mexico, Indonesia, China, and Colombia. A new global map the ...

      

      
        Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture
        Geneticists have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analyzing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain. The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestica...

      

      
        'Black box' of stem cell transplants opened in blood study
        New research into the long-term dynamics of transplanted stem cells in a patient's body explains how age affects stem cell survival and immune diversity, offering insights that could make transplants safer and more successful.

      

      
        Discovery illuminates how sleeping sickness parasite outsmarts immune response
        A new study sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed that Trypanosoma brucei essentially plays a game of hide-and-seek by setting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.

      

      
        Farewell frost! New surface prevents frost without heat
        In a new study, researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

      

      
        A rudimentary quantum network link between Dutch cities
        Researchers have demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fiber, enabling a 25-km quantum link.

      

      
        Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars
        Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.

      

      
        Sinuses prevented prehistoric croc relatives from deep diving
        Paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.

      

      
        Have we found all the major Maya cities? Not even close, new research suggests
        Researchers used laser-guided imaging to uncover vast unexplored Maya settlements in Campeche, Mexico, revealing more than 6,500 pre-Hispanic structures, including a previously unknown large city with stone pyramids. Their study enhances our understanding of the ancient civilization's extent and complexity in an area largely overlooked by archaeologists.

      

      
        Oceanographers record the largest predation event ever observed in the ocean
        In the largest predation event ever recorded, researchers observed capelin shoaling off the coast of Norway, where a swarm of cod overtook them, consuming over 10 million fish in a few hours. The team hopes to deploy their technique to monitor the large-scale dynamics among other species of fish and track vulnerable keystone species.

      

      
        Newly discovered cyanobacteria could help sequester carbon from oceans and factories
        What if a microbe could help curb the climate crisis? Meet UTEX-3222, aka 'Chonkus,' a cyanobacterium discovered living in the volcanic CO2 seeps off the coast of Vulcano, Sicily. Chonkus is like other photosynthetic cyanobacteria in that it consumes CO2 and incorporates it into its cells. However, what sets UTEX-3222 apart is its rapid, high-density growth, which allows it to consume CO? more efficiently than most other similar currently known cyanobacteria. It is also 5 to 10 times larger than ...

      

      
        Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging
        Weddell seals in Erebus Bay, Antarctica, may look like couch potatoes when they are resting on ice. However, these seals, which are the southernmost population of the southernmost living mammals, are exceptional divers that can reach depths of more than 900 meters and recorded dives lasting 96 minutes, which is well beyond their aerobic threshold. Scientists have identified an optimal and novel dive foraging strategy the seals employ to capture prey in the highly seasonal Antarctic environment wi...

      

      
        Fossil hunters strike gold with new species
        Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York. The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

      

      
        What animal societies can teach us about aging
        Red deer may become less sociable as they grow old to reduce the risk of picking up diseases, while older house sparrows seem to have fewer social interactions as their peers die off, according to new research which shows humans are not the only animals to change our social behaviour as we age.

      

      
        A faster, better way to train general-purpose robots
        Inspired by large language models, researchers developed a training technique that pools diverse data to teach robots new skills.

      

      
        Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein
        Buildup of a protein called filamentous actin, or F-actin, in the brain inhibits the removal of cellular wastes, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few very specific genes in the neurons of aging fruit flies, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

      

      
        Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism
        The Triassic-Jurassic Extinction, 201.6 million years ago, has been considered by some to have been a fairly slow-burn event, driven by rising temperatures and ocean acidification. A new study says it was kicked off for the most part by volcanic winter.

      

      
        Lab-grown pork gets support from sorghum grain
        Meat grown in a lab isn't science fiction anymore. Cultured meats have existed for over a decade, and as of 2023, you might even find lab-grown chicken in restaurants (in the U.S., at least). Now, with the literal support of plant-based scaffolds, 'clean meat' options are expanding. Researchers have created a prototype cultured pork using a new material: kafirin proteins isolated from red sorghum grain.

      

      
        Why langurs drink salt water
        A new study shows the remarkable adaptability of the critically endangered Cat Ba langurs. Despite low genetic diversity, the langurs have retained key genetic traits that help them survive in their isolated environment on Cat Ba Island in Vietnam. One of these remarkable adaptations is the ability to drink salt water.

      

      
        Seeing a black hole's jet in a new light
        Researchers have pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.

      

      
        Pythons can swallow even bigger prey than scientists realized
        Burmese pythons can consume prey even larger than scientists realized, according to a new study. That means more animals are on the menu across southern Florida, where the nonnative, invasive snakes have decimated populations of foxes, bobcats, raccoons and other animals.

      

      
        Evidence mounts for dark energy from black holes
        Researchers have strengthened the case that matter becomes dark energy when massive stars collapse and become black holes.

      

      
        Melting Arctic sea-ice could affect global ocean circulation
        The warming climate in polar regions may significantly disrupt ocean circulation patterns, a new study indicates. Scientists discovered that in the distant past, growing inflows of freshwater from melting Arctic sea-ice into the Nordic Seas likely significantly affected ocean circulation, sending temperatures plummeting across northern Europe.

      

      
        More social species live longer
        New research has revealed that species that are more social live longer and produce offspring for a greater time-span. This is the first study on this topic which spans the animal kingdom, from jellyfish to humans.

      

      
        How mammals got their stride
        Researchers reveal new insights into the complex evolutionary history behind the distinctive upright posture of modern placental and marsupial mammals, showing the transition was surprisingly complex and nonlinear, and occurred much later than previously believed.

      

      
        Researchers complete the largest compilation of cancer prevalence across vertebrates
        For all its pervasiveness and the efforts to study it, cancer is still somewhat of a mystery. Why do some animals get it at a higher rate than others? This is the question at the heart of Peto's paradox, the observation that large animals, by virtue of their number of cells, are statistically more likely than smaller animals to develop and accumulate genetic mutations that lead to cancer, yet they don't. In fact, some large animals, including whales and elephants, get much less cancer than expect...

      

      
        Watershed moment: Engineers invent high-yield atmospheric water capture device for arid regions
        As a megadrought stresses the water supply throughout the Southwest, revolutionary research is answering this problem with a groundbreaking technology that pulls large amounts of water from the air in low humidities.

      

      
        Saturn's moon Titan has insulating methane-rich crust up to six miles thick
        A new study has revealed that methane gas may be trapped within the icy surface of Saturn's moon Titan, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.

      

      
        'Well-man' thrown from castle identified from 800-year-old Norse saga
        A passage in the Norse Sverris Saga, the 800-year-old story of King Sverre Sigurdsson, describes a military raid that occurred in AD 1197, during which a body was thrown into a well at Sverresborg Castle, outside Trondheim in central Norway, likely as an attempt to poison the main water source for the local inhabitants. A new study describes how researchers used ancient DNA to corroborate the events of the saga and discover details about the 'Well-man,' blending history and archaeology with scien...

      

      
        Millions in the U.S. may rely on groundwater contaminated with PFAS for drinking water supplies
        Approximately 71 to 95 million people in the Lower 48 states -- more than 20% of the country's population -- may rely on groundwater that contains detectable concentrations of per- and polyfluoroalkyl substances, also known as PFAS, for their drinking water supplies.

      

      
        Human actions likely cause insect color change
        New Zealand's native stoneflies have changed colour in response to human-driven environmental changes, new research shows. The study provides arguably the world's most clear-cut case of animal evolution in response to change made by humans.

      

      
        Beneficial gut microbe has surprising metabolic capabilities
        Researchers discovered potentially far-reaching effects of a particular gut bacterium that was linked to better growth in Bangladeshi children receiving a therapeutic food designed to nurture healthy gut microbes. A strain of the bacterium harbored in the children's gut microbial communities possessed a previously unknown gene capable of producing and metabolizing key molecules involved in regulating many important functions ranging from appetite, immune responses, neuronal function, and the abil...

      

      
        Wildfires are becoming faster and more dangerous in Western U.S.
        Fire speed, not size, drives threat to people and infrastructure.

      

      
        Gut bacteria transfer genes to disable weapons of their competitors
        New research shows that a large, ubiquitous mobile genetic element changes the antagonistic weaponry of Bacteroides fragilis, a common bacterium of the human gut.

      

      
        A new hydrogel semiconductor represents a breakthrough for tissue-interfaced bioelectronics
        The ideal material for interfacing electronics with living tissue is soft, stretchable, and just as water-loving as the tissue itself--in short, a hydrogel. Semiconductors, the key materials for bioelectronics such as pacemakers, biosensors, and drug delivery devices, on the other hand, are rigid, brittle, and water-hating, impossible to dissolve in the way hydrogels have traditionally been built. Scientists have now solved this challenge that has long stymied researchers, reimagining the process...
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It's not to be. Universe too short for Shakespeare typing monkeys | ScienceDaily
A monkey randomly pressing keys on a typewriter for an infinite amount of time would eventually type out the complete works of Shakespeare purely by chance, according to the Infinite Monkey Theorem.


						
This widely known thought-experiment is used to help us understand the principles of probability and randomness, and how chance can lead to unexpected outcomes. The idea has been referenced in pop culture from The Simpsons to Hitchhiker's Guide to the Galaxy and on TikTok.

However, a new study reveals it would take an unbelievably huge amount of time -- far longer than the lifespan of our universe, for a typing monkey to randomly produce Shakespeare. So, while the theorem is true, it is also somewhat misleading.

Mathematicians, Associate Professor Stephen Woodcock and Jay Falletta from the University of Technology Sydney (UTS), decided to examine the theorem using instead the limits of our finite universe.

"The Infinite Monkey Theorem only considers the infinite limit, with either an infinite number of monkeys or an infinite time period of monkey labour," said Associate Professor Woodcock.

"We decided to look at the probability of a given string of letters being typed by a finite number of monkeys within a finite time period consistent with estimates for the lifespan of our universe," he said.

The serious but light-hearted study, A numerical evaluation of the Finite Monkeys Theorem, has just been published in the peer-reviewed journal Franklin Open.




For number-crunching purposes, the researchers assumed that a keyboard contains 30 keys including all the letters of the English language plus common punctuation marks.

As well as a single monkey, they also did the calculations using the current global population of around 200,000 chimpanzees, and they assumed a rather productive typing speed of one key every second until the end of the universe in about 10^100 years -- that's a 1 followed by 100 zeros.

The results reveal that it is possible (around a 5% chance) for a single chimp to type the word 'bananas' in its own lifetime. However, even with all chimps enlisted, the Bard's entire works (with around 884,647 words) will almost certainly never be typed before the universe ends.

"It is not plausible that, even with improved typing speeds or an increase in chimpanzee populations, monkey labour will ever be a viable tool for developing non-trivial written works," the authors muse.

"This finding places the theorem among other probability puzzles and paradoxes -- such as the St. Petersburg paradox, Zeno's paradox, and the Ross-Littlewood paradox -- where using the idea of infinite resources gives results that don't match up with what we get when we consider the constraints of our universe," said Associate Professor Woodcock.

In the era of generative AI, the Infinite Monkey Theorem, and its finite version, perhaps also challenge readers to consider philosophical questions around the nature of creativity, meaning and consciousness, and how these qualities emerge.
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Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists | ScienceDaily
Anecdotes abound of wildlife behaving "drunk" after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists challenge this assumption in a review publishing October 30 in the Cell Press journal Trends in Ecology & Evolution. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.


						
"We're moving away from this anthropocentric view that ethanol is just something that humans use," says behavioral ecologist and senior author Kimberley Hockings of the University of Exeter. "It's much more abundant in the natural world than we previously thought, and most animals that eat sugary fruits are going to be exposed to some level of ethanol."

Ethanol first became abundant around 100 million years ago, when flowering plants began producing sugary nectar and fruits that yeast could ferment. Now, it's present naturally in nearly every ecosystem, though concentrations are higher, and production occurs year-round in lower-latitude and humid tropical environments compared to temperate regions. Most of the time, naturally fermented fruits only reach 1%-2% alcohol by volume (ABV), but concentrations as high as 10.2% ABV have been found in over-ripe palm fruit in Panama.

Animals already harbored genes that could degrade ethanol before yeasts began producing it, but there is evidence that evolution fine-tuned this ability for mammals and birds that consume fruit and nectar. In particular, primates and treeshrews have adapted to efficiently metabolize ethanol.

"From an ecological perspective, it is not advantageous to be inebriated as you're climbing around in the trees or surrounded by predators at night -- that's a recipe for not having your genes passed on," says molecular ecologist and senior author Matthew Carrigan of the College of Central Florida. "It's the opposite of humans who want to get intoxicated but don't really want the calories -- from the non-human perspective, the animals want the calories but not the inebriation."

It's unclear whether animals intentionally consume ethanol for ethanol's sake, and more research is needed to understand its impact on animal physiology and evolution. However, the researchers say that ethanol consumption could carry several benefits for wild animals. First and foremost, it's a source of calories, and the odorous compounds produced during fermentation could guide animals to food sources, though the researchers say it's unlikely that animals can detect ethanol itself. Ethanol could also have medicinal benefits: fruit flies intentionally lay their eggs in substances containing ethanol, which protects their eggs from parasites, and fruit fly larvae increase their ethanol intake when they become parasitized by wasps.

"On the cognitive side, ideas have been put forward that ethanol can trigger the endorphin and dopamine system, which leads to feelings of relaxation that could have benefits in terms of sociality," says behavioral ecologist and first author Anna Bowland of the University of Exeter. "To test that, we'd really need to know if ethanol is producing a physiological response in the wild."

There are a lot of unanswered questions regarding the significance of ethanol consumption to wild animals. In their future research, the team plans to investigate the behavioral and social implication of ethanol consumption in primates and to more deeply examine the enzymes involved in alcohol metabolism.

This research was supported by the Primate Society of Great Britain, the Wenner-Gren Foundation, the Canada Research Chairs program, and the Natural Sciences and Engineering Research Council of Canada.
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Solar-powered animal cells | ScienceDaily
Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artificial tissue engineering. Tissues can struggle to grow due to a lack of oxygen, but adding chloroplast-infused cells could enable oxygen and energy to be supplied through light exposure and photosynthesis.


						
Would you like to be solar powered? What if, like plants or algae, just lying around in the sun could help you get energy (and not just because of all the vitamin D)? It may seem like science fiction, but some animals have already tapped into this nifty trick. Giant clams, for example, live in a symbiotic relationship with algae. Algae contain chloroplasts, and so can photosynthesize light into food and oxygen. While the clams provide a home for the algae, the algae provide energy to help their amiable hosts thrive.

However, unlike plants and algae, animal cells do not contain chloroplasts. That is until now, as researchers have demonstrated that it is possible to functionally combine the two.

"As far as we know, this is the first reported detection of photosynthetic electron transport in chloroplasts implanted in animal cells," said Professor Sachihiro Matsunaga of the University of Tokyo, corresponding author of the research paper. Photosynthetic electron transport generates chemical energy and is necessary for numerous cell functions in plants and algae. "We thought that the chloroplasts would be digested by the animal cells within hours after being introduced. However, what we found was that they continued to function for up to two days, and that the electron transport of photosynthetic activity occurred."

The team inserted chloroplasts from red algae into cultured cells derived from hamsters. The researchers examined the structure of the chloroplasts within the cells via several imaging techniques, including confocal microscopy, superresolution microscopy and electron microscopy. They also measured and confirmed that the electron transport of photosynthetic activity was occurring by using pulses of light (a technique called pulse amplitude modulation fluorometry).

"We believe this work will be useful for cellular-tissue engineering," said Matsunaga. "Lab-grown tissues, such as artificial organs, artificial meat and skin sheets, are made of multiple layers of cells. However, there is a problem that they cannot increase in size due to hypoxia (low oxygen levels) inside the tissue, which prevents cell division. By mixing in chloroplast-implanted cells, oxygen could be supplied to the cells through photosynthesis, by light irradiation, thereby improving the conditions inside the tissue to enable growth," he explained.

The team is continuing its research on creating "planimal" cells that can provide the beneficial features of plants to animals. In this study, it found that animal cells which contained chloroplasts experienced an increased cell growth rate, suggesting that the chloroplasts provided a carbon source (fuel) for the host cells. The researchers suggest that future studies could investigate the processes involved in the exchange of substances between the host cell and chloroplasts, as well as what additional substances are produced.

Matsunaga said: "We expect planimal cells to be game-changing cells, which in the future can help us achieve a 'green transformation' to a more carbon-neutral society. We will continue to develop innovative biotechnologies with the aim of realizing a sustainable society and the reduction of carbon dioxide emissions."
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Study shows natural regrowth of tropical forests has immense potential to address environmental concerns | ScienceDaily

"Tree planting in degraded landscapes can be costly. By leveraging natural regeneration techniques, nations can meet their restoration goals cost effectively," says the study's co-lead author, Brooke Williams, a researcher at the Queensland University of Technology, Australia, and the Institute for Capacity Exchange in Environmental Decisions. "Our model can guide where these savings can best be taken advantage of," she says.

A culmination of decades of work

Matthew Fagan, associate professor of geography and environmental systems at University of Maryland, Baltimore County (UMBC) and second author on the new study, developed a data set the authors relied on.

In that work, "We used satellite images to identify millions of small areas where tree cover increased over time. We then excluded the areas planted by humans with machine learning, focusing on natural regrowth," Fagan says. The study tracked regrowth between 2000 and 2012, and then checked if the regrowth was maintained through 2015. "Those natural patches were the input data for this novel study," he says, "the first to predict where future forest regrowth will occur, given observed past regrowth."

The study, co-led by Hawthorne Beyer, head of geospatial science at Mombak, a Brazilian startup which aims to generate high-quality carbon credits through reforestation of the Amazon, and director of science at Institute for Capacity Exchange in Environmental Decisions, also pulled in global data sets describing factors like soil quality, slope, road and population density, local wealth, distance from urban centers and from healthy forest, and more. "Any time you build one of these global studies, you're standing on the backs of so many other scientists," Fagan says. "Each one of these studies represents years of work."

The study found that the factors most strongly associated with high regrowth potential were a patch's proximity to existing forest, the density of nearby forest, and the content of carbon in the soil. Those factors in particular "seem to do a really good job explaining the patterns of regrowth we see across the world," Fagan says. Being close to existing forest, for example, is key to supplying a variety of seeds to the area to support diverse regrowth, Fagan explains.




Keeping it local -- by supplying a global map

The end product of the study is a digital map of the global tropics, where each pixel -- representing 30 x 30 square meters of land -- indicates the estimated potential for regrowth. That map, made possible by an extensive international collaboration of researchers, is a boon to environmentalists worldwide hoping to advocate locally for their efforts.

"Our goal and our hope is that this is used democratically by local people, organizations, and localities from the county level all the way up to the national level, to advocate for where restoration should happen," Fagan says. "The people who live there should be in charge of what happens there -- where and how to restore really depends on local conditions."

Fagan points out that some of the potential regrowth areas the study identified are unlikely to be restored for a variety of reasons, such as being in active use for ranching or crops or located on prime real estate near roads and urban centers. However, a meaningful portion of the 215 million hectares is abandoned and degraded cattle pastures or previously logged forests, where encouraging natural regeneration would have minimal cost to local economies and a long list of benefits.

"If you restored that to rainforest, the benefit to water quality, water provision, local biodiversity, and to soil quality would be immense," Fagan says. "It would also be an immense benefit for pulling carbon out of the atmosphere, so really it's just a question of, 'Where can we do this most efficiently?' That's what this paper is all about."
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Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture | ScienceDaily
Geneticists from Trinity College Dublin, together with an international team of researchers, have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analysing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain.


						
The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestication that today their descendants make up a third of the world's mammalian biomass.

Dr Conor Rossi, Trinity, first author of the article that has just been published in leading international journal Nature Communications, said: "The aurochs went extinct approximately 400 years ago, which left much of their evolutionary history a mystery. However, through the sequencing of ancient DNA, we have gained detailed insight into the diversity that once thrived in the wild as well as enhanced our understanding of domestic cattle."

Although fossils of aurochs found in Europe date back 650,000 years ago, about the time archaic species of human appeared in the continent, animals from the east and west extremes of Eurasia share a much more recent common ancestry, pointing toward a replacement around 100,000 years ago, probably by migrations out of a southern Asian homeland.

In an echo of human prehistory, this replacement was not complete, with traces of earlier ancestry surviving in European aurochs.

Dr Mikkel Sinding, co-author and postdoctoral researcher in the Department of Biology, University of Copenhagen, said: "We normally think of the European aurochs as one common form or type, but our analyses suggest there were three distinct aurochs populations alone in Europe -- a Western European, an Italian, and a Balkan. There was thus a greater diversity in the wild forms than we had ever imagined."

Intriguingly, climate change also wrote its signature in aurochs genomes in two ways:

First, European and north Asian genomes separated and diverged at the beginning of the last ice age, around 100,000 years ago, and did not seem to mix until the world warmed up again at its end. And second, genome-estimated population sizes dropped in the glacial period, with a more pronounced hard time endured by European herds. These lost the most diversity when they retreated to separated refugia in southern parts of the continent before repopulating it again afterwards.




The most pronounced drop in genetic diversity occurs between the period when the aurochs of southwest Asia were domesticated in the north of the Fertile Crescent, just over 10,000 years ago, to give the first cattle. Remarkably only a handful of maternal lineages (as seen via mitochondrial DNA which is handed down via mothers to their offspring) come through this process into the cattle gene pool.

"Although Caesar exaggerated when he said it was like an elephant, the wild ox must have been a highly dangerous beast and this hints that its first capture and taming must have happened with only a very few animals," said Dan Bradley, Professor in Trinity's School of Genetics and Microbiology, who led the study.

"However, the narrow genetic base of the first cattle was augmented as they first travelled with their herders west, east and south. It is clear that there was early and pervasive mating with wild aurochs bulls, leaving a legacy of the four separate preglacial aurochs ancestries that persists among the domestic cattle of today."
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'Black box' of stem cell transplants opened in blood study | ScienceDaily
For the first time, scientists have tracked what happens to stem cells decades after a transplant, lifting the lid on the procedure that has been a medical mystery for over 50 years.


						
Insights could pave the way for new strategies in donor selection and transplant success, potentially leading to safer, more effective transplants.

Researchers from the Wellcome Sanger Institute and their collaborators at the University of Zurich were able to map the behaviour of stem cells in recipients' bodies up to three decades post-transplant, providing the first-ever glimpse into the long-term dynamics of these cells.

The study, published today (30 October) in Nature and part-funded by Cancer Research UK, reveals that transplants from older donors, which are often less successful, have ten times fewer vital stem cells surviving the transplant process. Some of the surviving cells also lose the ability to produce the range of blood cells essential for a robust immune system.

Over a million people worldwide are diagnosed with blood cancer each year1, including cancers such as leukaemia and lymphoma, which can stop a person's immune system working properly. Stem cell transplants, also known as bone marrow transplants, are often the only curative treatment option for patients. The procedure replaces a patient's damaged blood cells with healthy stem cells from a donor, which then rebuild the patient's entire blood and immune system. In the UK alone, over 2,000 people undergo this procedure each year2.

Despite being performed for over 50 years, many fundamental questions about how transplants work have remained unanswered. While they can be life-saving, outcomes vary widely, leaving many patients facing complications years later. Donor age has been known to impact success rates3, but what happens at the cellular level following a transplant has been a 'black box', until now.

In this new study, researchers from the Wellcome Sanger Institute and the University of Zurich used advanced genome sequencing techniques to analyse blood samples from ten donor-recipient sibling pairs up to 31 years post-transplant4.




By analysing the mutations that occur throughout life in the donor and recipient's stem cells, they could track how many stem cells had survived the transplant process and continued to produce new blood cells in the patient's body -- an approach previously impossible.

The team discovered that in transplants from younger donors -- those in their 20s and 30s -- about 30,000 stem cells survive long-term, compared to only 1-3,000 in older donors. This drop could lead to reduced immunity and higher relapse risk, potentially explaining why younger donors often result in better outcomes.

They also found that the transplant process ages the blood system in recipients by about10-15 years compared to the matched donors, primarily due to lower stem cell diversity.

Surprisingly, despite the intense stress of the transplant process, stem cells gain few new genetic mutations as they rapidly divide to rebuild the patient's blood. This challenges previous assumptions about high mutation rates during transplantation.

The study also identified other genetic factors regardless of the donor's age that help certain stem cells thrive following transplant5. This range of genetic advantages could lead to the development of better treatments, making transplants safer and more effective for a wider range of patients.

Dr Michael Spencer Chapman, first author of the study at the Wellcome Sanger Institute, said: "When you receive a transplant, it's like giving your blood system a fresh start, but what actually happens to those stem cells? Until now, we could only introduce the cells and then just monitor the blood counts for signs of recovery. But in this study we've traced decades of changes in one single sample, revealing how some cell populations fall away while others dominate, shaping a patient's blood over time. It is exciting to understand this process in such detail."

Dr Markus Manz, senior author of the study at the University of Zurich, said: "The research highlights that age is more than just a number -- it's an important factor in transplant success. Although the hematopoietic stem cell system is amazingly stable over time, younger donors generally supply a larger and more diverse range of stem cells, which might be crucial for patients' long-term recovery. We hope to continue exploring other factors that affect long-term hematopoietic stem cell dynamics in order to fine-tune both donor selection as well as recipient bone-marrow environments for optimal long-term stem cell function."

Dr Peter Campbell, senior author of the study at the Wellcome Sanger Institute, said: "The transplant process forces blood and immune cells through a type of genetic 'bottleneck'. Our new approach allows us to investigate this bottleneck phenomenon more closely. We find that the bottleneck provides multiple different opportunities for some stem cells to thrive more than others in their new environment in the recipient. We believe it will be possible to find the genes responsible for enabling some stem cells to thrive better than others -- these genes could then in theory be harnessed to improve the success of the transplant procedure."
    	https://www.worldwidecancerresearch.org/information-and-impact/cancer-myths-and-questions/what-is-blood-cancer-and-why-do-we-need-more-research/#:~:text=Blood%20cancers%20are%20the%20fifth,were%20diagnosed%20worldwide%20in%202020
    	https://www.blood.co.uk/news-and-campaigns/news-and-statements/nhsbt-celebrates-stem-cell-donors-and-transplants/
    	https://www.anthonynolan.org/blog/2018/02/23/research-shows-donor-age-most-important-in-stem-cell-transplant-survival
    	In the study, the donor is considered the 'control'. By comparing the genetic changes in both donor and recipient blood samples through whole genome sequencing, the team reconstructed their evolutionary history to understand how the cells have adapted and changed since the transplant. These samples were taken between 9 to 31 years post-transplant.
    	Some stem cells had advantages before the transplant, allowing them to better adapt to their new environment in the recipient's body. These included better survival during harvesting or preparation, while others gained an edge after transplant due to genetic mutations that allowed them to thrive in the recipient's bone marrow. Understanding these patterns could help doctors improve the transplant process and better select which stem cells are likely to succeed, regardless of the donor's age.
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Discovery illuminates how sleeping sickness parasite outsmarts immune response | ScienceDaily
A new study led by researchers at the Johns Hopkins Bloomberg School of Public Health sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed thatTrypanosoma brucei essentially plays a game of hide-and-seek bysetting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.


						
The discovery, reported October 30 in Nature, could potentially pave the way for understanding the immune response to other pathogens.

African sleeping sickness -- also known as human African trypanosomiasis -- is a neglected tropical disease that is usually fatal to humans if untreated. While treatment campaigns and tsetse fly control efforts have helped control human African trypanosomiasis, T. brucei remains a major problem for African farmers, killing an estimated three million cattle per year.

The T. brucei parasite constantly changes a surface coat made up of millions of copies of a single protein -- the variant surface glycoprotein (VSG). Once one VSG has been recognized by a host's antibody response, the parasite has already "switched" to a new one, which the immune system hasn't spotted yet. By changing which of these variant genes is active, the parasite can alter its appearance enough to evade its host's immune response for long periods.

The T. brucei parasite, after entering the bloodstream via a tsetse fly bite, also infects tissues outside the bloodstream. The function of this "extravascular" home for the parasite had previously been unclear. To get a fuller understanding of how T. brucei evades the immune system, the researchers used a customized RNA sequencing method to catalog the distinct VSG types that appeared over time during T. brucei infections in mice.

The researchers discovered that the vast majority of VSGs arose in tissues rather than in the bloodstream. They also found that parasite clearance by the immune system is slower in tissues. Their findings suggest that moving from the bloodstream into extravascular spaces gives T. brucei important "breathing room" in which to generate enough VSG variants to survive long-term in hosts, ensuring continued transmission.

"This work sets the stage for a new way of thinking about immune evasion in T. brucei infection and potentially other chronic infections," says study senior author Monica Mugnier, PhD, associate professor in the Bloomberg School's Department of Molecular Microbiology and Immunology.




The study's first author, Alexander Beaver, PhD, was a doctoral candidate in the Mugnier laboratory at the time of the study.

Transmitted by the tsetse fly, T. brucei parasites are found in many parts of sub-Saharan Africa. Many wild mammals in Africa harbor the parasite without showing signs of disease, and thus serve as reservoirs. In humans, and in livestock such as cattle, sheep, and goats, T. brucei infection can cause a chronic disease that, in later stages, involves severe lethargy and other neurological symptoms.

The parasite enters its mammalian hosts via the bloodstream during a tsetse fly bite, and usually exits the same way. Why T. brucei spreads from the blood into extravascular spaces has been an unresolved question. In the study, Mugnier and her team used their own VSG-targeted RNA-sequencing method to record the expression of different VSGs over time in T. brucei parasites recovered from both the blood and tissues of infected mice.

They showed that once an infection had been established for more than a week or so, the number of detectable VSGs in mouse tissues was, on average, several times higher than the number in blood. Thus, the bulk of VSG diversity -- the key determinant of the pathogen's ability to evade the immune response -- was seen in tissues, not blood. This was the case whether the mice were infected by needle or by tsetse fly bite.

When the researchers tracked specific VSGs from initial infection, they found that immune clearance of parasites bearing these VSGs occurred significantly later in tissues than in blood. Similarly, when they used mice engineered so that tissue clearance of the parasite was further delayed, tissue VSG diversity was correspondingly greater.

The results overall suggest that T. brucei uses tissues as relatively protected spaces in which it can survive longer, generating a greater diversity of variants, and potentially re-seeding the bloodstream with these variants -- faster than the immune system can keep up.




"Tissues were once thought to be incidental sites of infection for T. brucei, but it now appears that they might play an important role in maintaining a long-term infection for this parasite, while the bloodstream may serve more as a highway system for movement between tissues and for eventual transmission back into the tsetse fly," Mugnier says.

This new model suggests in turn, she adds, that disrupting T. brucei's ability to spread from blood to tissues could be enough to allow the immune system to catch up and terminate infection, and thus could be a valuable new treatment strategy.

Mugnier and colleagues also suspect that this exploitation of extravascular spaces may be a tactic used by other pathogens -- the Lyme disease bacterium, for example -- to establish chronic infections.

"T. brucei infection could turn out to be a useful model for understanding why extravascular spaces are less efficient at pathogen clearance and how some pathogens exploit that," Mugnier says.

Support for the study was provided by the National Institutes of Health (T32AI007417, T32OD011089, 1K99GM132557-01, DP5OD023065, R01AI58805), the Chan Zuckerberg Initiative, the German Research Foundation and the European Research Council.
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Farewell frost! New surface prevents frost without heat | ScienceDaily
Someday, people might finally say goodbye to defrosting the freezer or scraping frost off slippery surfaces. Northwestern University engineers have developed a new strategy that prevents frost formation before it begins.


						
In a new study, the researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

As an added bonus, the new scalable surface design also is resistant to cracks, scratches and contamination.

By incorporating the textured surface into infrastructure, the researchers imagine companies and government agencies could save billions of dollars per year in averted maintenance costs and energy inefficiencies.

The research will be published on Wednesday (Oct. 30) in the journal Science Advances.

"Unwanted frost accumulation is a major concern across industrial, residential and government sectors," said Northwestern's Kyoo-Chul Kenneth Park, who led the study. "For example, the 2021 power crisis in Texas cost $195 billion in damages, resulting directly from frost, ice and extreme cold conditions for more than 160 hours. Thus, it is critical to develop anti-frosting techniques, which are robust for long periods of time in extreme environmental conditions. It is also necessary to develop anti-frosting methods which are easy to fabricate and implement. We designed our hybrid anti-frosting technique with all of these needs in mind. It can prevent frosting for potentially weeks at a time and is scalable, durable and easily fabricated through 3D printing."

Park is an assistant professor of mechanical engineering at Northwestern's McCormick School of Engineeringand a faculty affiliate of the Paula M. Trienens Institute for Sustainability and Energy and the International Institute for Nanotechnology.




Leaf-inspired discovery

The new study builds upon previous work from Park's laboratory. In 2020, Park and his team discovered that adding millimeter-scale textures to a surface theoretically reduced frost formation by up to 80%. Published in the Proceedings of the National Academy of Sciences, the research was inspired by the rippling geometry of leaves.

"There is more frost formation on the convex regions of a leaf," Park said at the time. "On the concave regions (the veins), we see much less frost. People have noticed this for several thousands of years. Remarkably, there was no explanation for how these patterns form. We found that it's the geometry -- not the material -- that controls this."

Through experimental work and computation simulations, Park and his collaborators found that condensation is enhanced on the peaks and suppressed in the valleys of wavy surfaces. The small amount of condensed water in the valleys then evaporates, resulting in a frost-free area.

Graphene-oxide trapping power

In the previous study, Park's team developed a surface featuring millimeter-scale peaks and valleys with small angles in between. In the new study, Park's team added graphene oxide on flat valleys, which reduced frost formation by 100% in those valleys. The new surface comprises tiny bumps, with a peak-to-peak distance of 5 millimeters. Then a thin layer of graphene oxide, just 600 microns thick, coats the valleys between peaks.




"Graphene oxide attracts water vapor and then confines water molecules within its structure," Park said. "So, the graphene oxide layer acts like a container to prevent water vapor from freezing. When we combined graphene oxide with the macrotexture surface, it resisted frost for long times at high supersaturation. The hybrid surface becomes a stable, long-lasting, frost-free zone."

When compared to other state-of-the-art anti-frosting surfaces, Park's method was the clear winner. While superhydrophobic (water repelling) and lubricant-infused surfaces resisted 5-36% of frost formation for up to 5 hours, Park's surface resisted 100% of frost formation for 160 hours.

"Most other anti-frosting surfaces are susceptible to damage from scratches or contamination, which degrades surface performance over time," Park said. "But our anti-frosting mechanism demonstrates robustness to scratches, cracks and contaminants, extending the life of the surface."

Why it matters

This hybrid macrotexture-graphene oxide surface offers a promising solution for preventing frost formation in various applications. Most people only worry about frost when it coats their car windshield or kills their outdoor plants. But frost is more than a nuisance.

Frost on airplane wings can create drag, making flights dangerous or even impossible. When accumulating inside freezers and refrigerators, frost greatly reduces energy efficiency in appliances. Frost can add too much weight to power lines, leading to breakage and, ultimately, power outages. It also can impair sensors on vehicles, harming their ability to accurately detect objects.

"Developing new anti-frosting techniques is crucial to preventing costly mechanical failures, energy inefficiencies and safety hazards for critical operations," Park said. "There currently is no 'one-size-fits-all' approach because every application has specific needs. Although airplanes only require seconds of frost resistance, powerlines operating in cold environments might require days or weeks of frost resistance, for example. With our new insights, we could design powerlines and airplane wings with reduced ice adhesion. These types of alterations would greatly reduce yearly maintenance costs."

The study, "Robust hybrid diffusion control for long-term scalable frost prevention," was partially supported by the National Science Foundation (grant number CBET-2337118) and the Korea Institute for Science and Technology (grant number 2E32527).
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A rudimentary quantum network link between Dutch cities | ScienceDaily
An international research team led by QuTech has demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fibre, enabling a 25 km quantum link. The researchers published their findings in Science Advances.


						
The internet allows people to share information (bits) globally. A future quantum internet will enable sharing quantum information (qubits) over a new type of network. Such qubits can not only take the values 0 or 1, but also superpositions of those (0 and 1 at the same time). In addition, qubits can be entangled, which means they share a quantum connection enabling instant correlations, no matter the distance.

Researchers around the globe are working to build quantum networks that make use of these features to offer fundamentally new communication and computing capabilities, in coexistence with the current internet. For example, qubits can generate secure encryption keys for safely sharing financial or medical data. Quantum links can also connect distant quantum computers, enhancing their power and allowing access with full privacy for users.

Moving out of the lab

An international team led by Ronald Hanson at QuTech -- a collaboration between the TU Delft and TNO -- was able to connect two small quantum computers between the Dutch cities of Delft and The Hague. "The distance over which we create quantum entanglement in this project, via 25 km of deployed underground fiber, is a record for quantum processors," says Hanson. "This is the first time such quantum processors in different cities are connected."

A few years ago the team reported the first multi-node quantum network inside the lab. "We were faced with new major challenges in going from these lab experiments to realizing a quantum link between cities. We had to design a flexible system that lets the nodes work independently over long distances, we needed to mitigate the impact of photon loss on the connection speed, and we had to ensure reliable confirmation each time the entanglement link was successfully created. Without these innovations, such a large distance would not have been possible."

'Like keeping the moon at a constant distance'

To tackle the challenge of photon loss, the team established the quantum connection using a photon-efficient protocol that required very precise stabilization of the connecting fiber link. Co-author Arian Stolk explains using an analogue: "The link needed to be stable well within the wavelength of the photons (smaller than a micrometer) over 25 kilometer of optical fiber. That challenge compares to keeping the distance between the earth and the moon constant with the accuracy of only a few millimeter. Through a combination of research insights and applied engineering, we were able to solve this puzzle."




"In this work, we demonstrate successful entanglement between two quantum network nodes containing diamond spin qubits. The independently operated nodes are connected through a midpoint station via optical fiber. We were able to reliably deliver a pre-specified entangled state between the nodes."

Collaboration between academia and industry

Co-author Kian van der Enden explains how indispensable the broad expertise of the team was for the success of the project: "Fraunhofer ILT developed a critical component for this demonstration, a new type of quantum frequency converter. OPNT delivered state-of-the-art timing hardware, Element Six provided its engineered synthetic diamond materials and Toptica developed high-stability lasers. Finally, Dutch telecom provider KPN provided the fiber infrastructure as well as the locations of the nodes, the midpoint, and the node in The Hague."

Solid foundation for European quantum internet

This result is an important milestone that addresses key scaling challenges for future quantum networks. Jesse Robbers, Director Industry & Digital Infrastructure of Quantum Delta NL that co-funded the research, adds: "We continue to show leadership in the development of the future fundament of our Digital Infrastructure and how to make it applicable, which is the core of the national and European strategy."

The architecture and methods are directly applicable to other qubit platforms, including the next-generation scalable qubits that the team is currently developing. The successful use of deployed, conventional internet infrastructure sets the stage for a new phase on the road towards a quantum internet. Hanson: "This work marks the crucial step out of the research lab into the field, enabling exploration of first quantum processor networks at metropolitan scale."
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Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars | ScienceDaily
Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.


						
It is widely believed that brass bands originated with coal miners and other industrial communities in northern England and Wales between the 1830s and the 1850s. New evidence rewrites this history.

A University of Cambridge historian has found compelling evidence to show that Britain's earliest brass bands were founded by military musicians in the 1810s.

In a study published today in The Historical Journal, Dr Eamonn O'Keeffe argues that regimental bands first experimented with all-brass formats in the aftermath of the Napoleonic Wars.

While wartime bands included woodwind instruments such as clarinets and bassoons, O'Keeffe points out that the 15th Regiment of Foot had already organized a bugles-only band by 1818 and that numerous regiments had established all-brass bands by 1830, taking advantage of new instrument designs developed at home and in Continental Europe. The Life Guards, for example, performed on valved trumpets gifted by the Russian Czar. Local defence units also mustered brass bands, including a volunteer rifle corps in Paisley (1819) and yeomanry troops in Devon (1827) and Somerset (1829).

O'Keeffe also shows that veterans of the Napoleonic wars founded many of Britain's earliest non-military brass bands from the 1820s onwards. These ensembles often emerged far beyond the northern English and Welsh industrial communities with which they later became associated.

The first named civilian band which O'Keeffe has identified, the Colyton Brass Band, played God Save the King in a village in Devon in November 1828 as part of birthday festivities for a baronet's son. O'Keeffe found slightly later examples in Chester and Sunderland (both 1829), Derby and Sidmouth (1831), and Poole (1832). In 1834, Lincoln's brass band was being trained by William Shaw, 'formerly trumpeter and bugleman' in the 33rd Regiment of Foot.




"These findings illustrate just how deeply brass bands are embedded in British history and culture," said Dr O'Keeffe, who is the National Army Museum Junior Research Fellow at Queens' College, Cambridge and part of the University's Centre for Geopolitics.

"We already knew about their relationship with industrialization. Now we know that brass bands emerged from Britain's wars against Napoleon."

O'Keeffe discovered most about a band founded by James Sanderson, a Waterloo veteran, in Leamington Spa, Warwickshire. Sanderson, a former trumpet-major, publicized his 'military brass band' in the Leamington Spa Courier in February 1829. Surviving newspaper reports from that summer reveal that the outfit, equipped with keyed bugles, trumpets, French horns, and trombones, performed at several well-attended fetes and other events in the area.

Sanderson's military pension describes him as a labourer born in Thrapston, Northamptonshire. He joined the 23rd Light Dragoons, a cavalry regiment, in 1809, fought at the Battle of Waterloo in 1815 and went on to become the trumpet-major of the 13th Light Dragoons. He left the army due to epileptic fits in the 1820s.

On 29th June 1829, the Leamington Spa Courier reportedthat 'Sanderson's Warwick and Leamington Military Brass Band' performed at a Waterloo anniversary parade in Warwick. Wearing his Waterloo medal, Sanderson mustered his fellow veterans to the tune of 'See the conquering hero comes'. On 1st July, the Leicester Herald reported that Sanderson's band played for up to 300 people at a village feast in Stoneleigh, Warwickshire, inspiring a 'merry dance'.

War and peace

O'Keeffe points out that the Napoleonic Wars (1793 -- 1815) led to a dramatic proliferation of British military bands. By 1814, more than twenty thousand instrumentalists were serving in uniform, in the regular army and militia, as well as a host of part-time home defence formations.




Most of those in full-time service received higher pay than regular soldiers but were still subject to military discipline. The majority were fifers, drummers, trumpeters and buglers, whose music conveyed commands while enhancing parade-ground pageantry and morale. The remainder served in regimental bands of music, which not only enlivened military ceremonies but performed at a wide variety of public occasions, including balls, concerts, and civic processions.

By studying previously overlooked press reports, memoirs and regimental records, O'Keeffe reveals that once demobilized, men and boys who honed their instrumental skills in uniform embarked on a variety of civilian musical careers, becoming instructors, wind performers, composers, and even opera singers.

Many performed in an array of militia and volunteer bands that remained active long after demobilization. Others instructed or participated in a growing assortment of amateur wind and all-brass bands, which often sported uniforms and consciously emulated their regimental equivalents.

O'Keeffe said: "It is widely assumed that brass bands were a new musical species, distinct from their military counterparts. They are primarily seen as a product of industrialization pioneered by a combination of working-class performers and middle-class sponsors.

"But all-brass bands first appeared in Britain and Ireland in a regimental guise. As well as producing a large cohort of band trainers, the military provided a familiar and attractive template for amateur musicians and audiences. This coincided with expanding commercial opportunities and a growing belief in the moralising power of music."

O'Keeffe argues that these quasi-martial troupes enjoyed cross-class appeal, becoming fixtures of seaside resorts, pitheads, and political demonstrations in the decades after Waterloo, and were not confined to northern English industrial towns.

"Soldiers returned from the Napoleonic wars amidst a severe economic recession and many suffered a great deal," O'Keeffe said. "But here we see musicians using the skills they developed in the military to survive and often thrive."

Instruments

The Napoleonic wars created unprecedented demand for brass and other musical instruments. As well as tracking down individual musicians and bands, O'Keeffe investigated the circulation of regimental instruments after the Battle of Waterloo.

Government-issued drums and bugles were supposed to return to public stores on demobilization and band instruments generally belonged to regimental officers. But drummers and bandsmen were often unwilling to relinquish the tools of their trade.

Seven Herefordshire local militia musicians petitioned their colonel in 1816 'to make us a present' of their regimental instruments, noting that performers in other disbanded units had been permitted to keep their instruments 'as a perquisite'. The men promised to continue their weekly practices if the request was granted, pledging that 'a band will be always ready in the town of Leominster for any occasion'.

Some officers auctioned off the instruments of their disbanded corps, making large volumes of affordable second-hand instruments available to amateur players and civilian bands in the post-war decades.

Early brass bands also embraced new instrument designs adopted by their military counterparts or introduced by regimental and ex-regimental performers. The keyed bugle, patented by an Irish militia bandmaster in 1810, was widely used by the first generation of all-brass ensembles. The popularization of affordable and uncomplicated saxhorns by the Distin family further aided the spread of brass bands from the 1840s. The family's patriarch, John Distin, had begun his musical career in the wartime militia.

Enduring tunes

O'Keeffe identifies a number of tunes originating in the military that remained popular with the broader public long after Waterloo.

Theatre critics in the 1820s decried the nation's love of 'Battle Sinfonias' and the 'modern mania for introducing military bands on the stage'. 'The Downfall of Paris', a favourite regimental quick march, became a mainstay of buskers in post-war London. A music critic writing in 1827 lamented the neglect of Bach and Mozart in favour of this tune, which he said every piano instructor 'must be able to play, and moreover to teach'.

But recalling his youth in Richmond, North Yorkshire in the 1820s and 1830s, Matthew Bell described the expert militia band as a 'very popular' source of free entertainment for poorer townspeople and claimed it aroused 'a slumbering talent for music in some of those who heard its martial and inspiring strains.'

Writing in 1827, the Newcastle historian Eneas Mackenzie was clear that 'The bands attached to the numerous military corps embodied during the late war have tended greatly to extend the knowledge of music. At present, there is a band belonging to almost every extensive colliery upon the Tyne and the Wear'.

O'Keeffe said: "Brass bands enabled aspiring musicians of all ages to develop new skills and allowed people to make music as a community, learning from each other. That was the case in the nineteenth century and it's still the case today."

Dr O'Keeffe is writing a book about British military music during the Napoleonic Wars.
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Sinuses prevented prehistoric croc relatives from deep diving | ScienceDaily
An international team of paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.


						
A new paper published today [30 October] in Royal Society Open Science suggests that thalattosuchians, which lived at the time of the dinosaurs, were stopped from exploring the deep due to their large snout sinuses.

Whales and dolphins (cetaceans) evolved from land-dwelling mammals to become fully aquatic over the course of around 10 million years. During this time, their bone-enclosed sinuses reduced and they developed sinuses and air sacs outside of their skulls.

This would have alleviated increases in pressure during deeper dives, allowing them to reach depths of hundreds (dolphins) and thousands (whales) of meters without damaging their skulls.

Thalattosuchians lived during the Jurassic and Cretaceous periods and fall into two main groups. Teleosauridae, were similar to modern day gharial crocodiles, likely living in coastal waters and estuaries. Metriorhynchidae on the other hand were more fully adapted to life at sea, with streamlined bodies, flipper-like limbs and tail fins, amongst other marine adaptations.

Researchers from the University of Southampton, University of Edinburgh, and other institutions wanted to see if thalattosuchians had made similar sinus adaptations to whales and dolphins in their evolutionary journey from the land to the sea.

The team used computed tomography (a special kind of scan) to measure the sinuses of 11 thalattosuchian skulls, as well as the skulls of 14 modern crocodile species and six other fossil species.




Sinus changes

They found that braincase sinuses reduced across thalattosuchian evolution as they became more aquatic, in a similar way to those of whales and dolphins. The team think this is likely due to reasons relating to buoyancy, diving and feeding.

But the team also found that once thalattosuchians became fully aquatic, their snout sinuses expanded compared to their ancestors.

"The regression of braincase sinuses in thalattosuchians mirrors that of cetaceans, reducing during their semi-aquatic phases and then diminishing further as they became fully aquatic," explains Dr Mark Young, lead author of the paper from the University of Southampton.

"Both groups also developed extracranial sinuses. But whereas the cetacean's sinus system aids pressure regulation around the skull during deep dives, the expansive snout sinus systems of metriorhynchids precluded it from diving deeply.

"That's because at greater depths, air within the sinuses would compress, causing discomfort, damage, or even collapse in the snout due to its inability to withstand or equalise the increasing pressure."

Salt glands




While whales and dolphins have highly efficient kidneys that filter out salt from sea water, sea fairing reptiles and birds rely on salt glands to excrete salt from their systems.

The team believe that the larger, more complex snout sinuses of metriorhynchids may have helped to drain their salt glands, in a similar way to modern marine iguanas.

"A major problem for animals with salt glands is 'encrustation', where the salt dries and blocks the salt excreting ducts. Modern birds shake their heads to avoid this, while marine iguanas sneeze to force the salt out," says Dr Young.

"We think that the expanded sinuses of metriorhynchids helped to expel excess salt. Birds, like metriorhynchids, have sinuses that exit the snout and pass under the eye and when their jaw muscles contract, it creates a bellows-like effect within their sinuses. For metriorhynchids, when the sinuses where subjected to this effect, it would have compressed the salt glands within the skull and created a sneeze-like effect, similar to modern marine iguanas."

The study shows how major evolutionary transitions unfold and are shaped by species anatomy, biology and evolutionary history.

"It is fascinating to discover how ancient animals, such as thalattosuchians, adapted to a life in the ocean in their own unique way by showing both similarities and differences to modern day cetaceans," says Dr Julia Schwab, a coauthor on the paper from the University of Manchester.

Dr Young concludes: "Thalattosuchians became extinct in the Early Cretaceous period, so we'll never know for sure if given more evolutionary time they could have converged further with modern cetaceans or whether the need to mechanically drain their salts glands was an impassable barrier to further aquatic specialisation."

The research was funded by the Leverhulme Trust.
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Have we found all the major Maya cities? Not even close, new research suggests | ScienceDaily
Using laser-guided imaging to peer through dense jungle forests, Tulane University researchers have uncovered vast unexplored Maya settlements in Mexico and a better understanding of the ancient civilization's extent and complexity.


						
The new research, published in the journal Antiquity, was led by Tulane University anthropology doctoral student Luke Auld-Thomas and his advisor, Professor Marcello A. Canuto.

The team used lidar, a laser-based detection system, to survey 50 square miles of land in Campeche, Mexico, an area largely overlooked by archaeologists. Their findings included evidence of more than 6,500 pre-Hispanic structures, including a previously unknown large city complete with iconic stone pyramids.

"Our analysis not only revealed a picture of a region that was dense with settlements, but it also revealed a lot of variability," said Auld-Thomas, a doctoral student in Tulane's Anthropology Department and instructor at Northern Arizona University. "We didn't just find rural areas and smaller settlements. We also found a large city with pyramids right next to the area's only highway, near a town where people have been actively farming among the ruins for years. The government never knew about it; the scientific community never knew about it. That really puts an exclamation point behind the statement that, no, we have not found everything, and yes, there's a lot more to be discovered."

The Middle American Research Institute (MARI) at Tulane University has been pioneering the use of lidar technology in archaeological research. Over the past decade, the MARI has built a state-of-the art Geographic Information Systems (GIS) lab, managed by Francisco Estrada-Belli, to analyze remote sensing data, such as lidar.

Lidar technology uses laser pulses to measure distances and create three-dimensional models of specific areas. It has allowed scientists to scan large swaths of land from the comfort of a computer lab, uncovering anomalies in the landscape that often prove to be pyramids, family houses and other examples Maya infrastructure.

"Thanks to generous funding from the Hitz Foundation, MARI has been at the forefront of the use of lidar technology in archaeological research over the past decade," said Canuto, director of the MARI. "Now our efforts are expanding from data analysis to data collection and acquisition. The work conducted on these data from Campeche represent how MARI's 'lidar footprint' is expanding."

This research may also help resolve ongoing debates about the true extent of Maya settlements.




"Because lidar allows us to map large areas very quickly, and at really high precision and levels of detail, that made us react, 'Oh wow, there are so many buildings out there we didn't know about, the population must have been huge,'" Auld-Thomas said. "The counterargument was that lidar surveys were still too tethered to known, large sites, such as Tikal, and therefore had developed a distorted image of the Maya lowlands. What if the rest of the Maya area was far more rural and what we had mapped so far was the exception instead of the rule?"

The study highlights the transformative power of lidar technology in unveiling the secrets of ancient civilizations. It also provides compelling evidence of a more complex and varied Maya landscape than previously thought.

"Lidar is teaching us that, like many other ancient civilizations, the lowland Maya built a diverse tapestry of towns and communities over their tropical landscape," Canuto said. "While some areas are replete with vast agricultural patches and dense populations, others have only small communities. Nonetheless, we can now see how much the ancient Maya changed their environment to support a long-lived complex society."
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Oceanographers record the largest predation event ever observed in the ocean | ScienceDaily
There is power in numbers, or so the saying goes. But in the ocean, scientists are finding that fish that group together don't necessarily survive together. In some cases, the more fish there are, the larger a target they make for predators.


						
This is what MIT and Norwegian oceanographers observed recently when they explored a wide swath of ocean off the coast of Norway during the height of spawning season for capelin -- a small Arctic fish about the size of an anchovy. Billions of capelin migrate each February from the edge of the Arctic ice sheet southward to the Norwegian coast, to lay their eggs. Norway's coastline is also a stopover for capelin's primary predator, the Atlantic cod. As cod migrate south, they feed on spawning capelin, though scientists have not measured this process over large scales until now.

Reporting their findings in Nature Communications Biology, the MIT team captured interactions between individual migrating cod and spawning capelin, over a huge spatial extent. Using a sonic-based wide-area imaging technique, they watched as random capelin began grouping together to form a massive shoal spanning tens of kilometers. As the capelin shoal formed a sort of ecological "hotspot," the team observed individual cod begin to group together in response, forming a huge shoal of their own. The swarming cod overtook the capelin, quickly consuming over 10 million fish, estimated to be more than half of the gathered prey.

The dramatic encounter, which took place over just a few hours, is the largest such predation event ever recorded, both in terms of the number of individuals involved and the area over which the event occurred.

This one event is unlikely to weaken the capelin population as a whole; the preyed-upon shoal represents 0.1 percent of the capelin that spawn in the region. However, as climate change causes the Arctic ice sheet to retreat, capelin will have to swim farther to spawn, making the species more stressed and vulnerable to natural predation events such as the one the team observed. As capelin sustains many fish species, including cod, continuously monitoring their behavior, at a resolution approaching that of individual fish and across large scales spanning tens of thousands of square kilometers, will help efforts to maintain the species and the health of the ocean overall.

"In our work we are seeing that natural catastrophic predation events can change the local predator prey balance in a matter of hours," says Nicholas Makris, professor of mechanical and ocean engineering at MIT. "That's not an issue for a healthy population with many spatially distributed population centers or ecological hotspots. But as the number of these hotspots deceases due to climate and anthropogenic stresses, the kind of natural 'catastrophic' predation event we witnessed of a keystone species could lead to dramatic consequences for that species as well as the many species dependent on them."

Makris' co-authors on the paper are Shourav Pednekar and Ankita Jain at MIT, and Olav Rune Godo of the Institute of Marine Research in Norway.




Bell sounds

For their new study, Makris and his colleagues reanalyzed data that they gathered during a cruise in February of 2014 to the Barents Sea, off the coast of Norway. During that cruise, the team deployed the Ocean Acoustic Waveguide Remote Sensing (OAWRS) system -- a sonic imaging technique that employs a vertical acoustic array, attached to the bottom of a boat, to send sound waves down into the ocean and out in all directions. These waves can travel over large distances as they bounce off any obstacles or fish in their path.

The same or a second boat, towing an array of acoustic receivers, continuously picks up the scattered and reflected waves, from as far as many tens of kilometers away. Scientists can then analyze the collected waveforms to create instantaneous maps of the ocean over a huge areal extent.

Previously, the team reconstructed maps of individual fish and their movements, but could not distinguish between different species. In the new study, the researchers applied a new "multispectral" technique to differentiate between species based on the characteristic acoustic resonance of their swim bladders.

"Fish have swim bladders that resonate like bells," Makris explains. "Cod have large swim bladders that have a low resonance, like a Big Ben bell, whereas capelin have tiny swim bladders that resonate like the highest notes on a piano."

By reanalyzing OAWRS data to look for specific frequencies of capelin versus cod, the researchers were able to image fish groups, determine their species content, and map the movements of each species over a huge areal extent.




Watching a wave

The researchers applied the multi-spectral technique to OAWRS data collected on Feb. 27, 2014, at the peak of the capelin spawning season. In the early morning hours, their new mapping showed that capelin largely kept to themselves, moving as random individuals, in loose clusters along the Norwegian coastline. As the sun rose and lit the surface waters, the capelin began to descend to darker depths, possibly seeking places along the seafloor to spawn.

The team observed that as the capelin descended, they began shifting from individual to group behavior, ultimately forming a huge shoal of about 23 million fish that moved in a coordinated wave spanning over ten kilometers long.

"What we're finding is capelin have this critical density, which came out of a physical theory, which we have now observed in the wild," Makris says. "If they are close enough to each other, they can take on the average speed and direction of other fish that they can sense around them, and can then form a massive and coherent shoal."

As they watched, the shoaling fish began to move as one, in a coherent behavior that has been observed in other species but never in capelin until now. Such coherent migration is thought to help fish save energy over large distances by essentially riding the collective motion of the group.

In this instance, however, as soon as the capelin shoal formed, it attracted increasing numbers of cod, which quickly formed a shoal of their own, amounting to about 2.5 million fish, based on the team's acoustic mapping. Over a few short hours, the cod consumed 10.5 million capelin over tens of kilometers before both shoals dissolved and the fish scattered away. Makris suspects that such massive and coordinated predation is a common occurrence in the ocean, though this is the first time that scientists have been able to document such an event.

"It's the first time seeing predator-prey interaction on a huge scale, and it's a coherent battle of survival," Makris says. "This is happening over a monstrous scale, and we're watching a wave of capelin zoom in, like a wave around a sports stadium, and they kind of gather together to form a defense. It's also happening with the predators, coming together to coherently attack."

The team hopes to deploy OAWRS in the future to monitor the large-scale dynamics among other species of fish.

"It's been shown time and again that, when a population is on the verge of collapse, you will have that one last shoal. And when that last big, dense group is gone, there's a collapse," Makris says. "So you've got to know what's there before it's gone, because the pressures are not in their favor."

This work was supported, in part, by the U.S. Office of Naval Research and the Institute of Marine Research in Norway.
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Newly discovered cyanobacteria could help sequester carbon from oceans and factories | ScienceDaily
An international coalition of researchers from the United States and Italy has discovered a novel strain of cyanobacteria, or algae, isolated from volcanic ocean vents that is especially adept at growing rapidly in the presence of CO2 and readily sinks in water, making it a prime candidate for biologically-based carbon sequestration projects and bioproduction of valuable commodities. This strain, nicknamed "Chonkus," was found off the coast of the island of Vulcano in Sicily, Italy -- an environment in which marine CO2 is abundant due to shallow volcanic vents. The discovery is described in a paper published today in Applied Environmental Microbiology.


						
"Dissolved carbon is relatively dilute compared to all the other molecules in the ocean, and that limits the growth of photosynthetic organisms that live there. We decided to investigate what happens when you alleviate that limiting factor by going to a place with plenty of carbon, where some organisms could have evolved the ability to use it to galvanize their growth," said co-corresponding author Max Schubert, Ph.D., who was a staff scientist at the Wyss Institute at Harvard University when the work was conducted and is now Lead Project Scientist at Align to Innovate. "This naturally occurring strain of cyanobacteria has several traits that could be useful to humans, including highly dense growth and a natural tendency to sink in water, making Chonkus a particularly interesting organism for future work on decarbonization and biomanufacturing."

From the shallow sea to the lab bench

Schubert and fellow corresponding author Braden Tierney, Ph.D. first met as bench neighbors in the lab of Wyss Core Faculty member George Church, Ph.D. nine years ago, but didn't start collaborating until both were later working at Harvard Medical School (HMS) in 2016. Schubert, a microbiologist who was interested in building tools for directed evolution of bacteria and their genomes, submitted a proposal to the HMS Consortium for Space Genetics' 2019 Symposium on Climate Changeto bring this work to cyanobacteria. He won the top prize, which funded his early forays into applying his tools to cyanobacteria to investigate their potential to help fix and sequester carbon.

Meanwhile, Tierney, who was then a postdoc co-advised by Schubert's advisor Church, was sent a paper by a friend about shallow seeps -- areas on the ocean floor where gasses seep into the water but are shallow enough to receive sunlight -- and realized that there might be photosynthetic microbes living in those environments that had evolved to be adept at capturing dissolved CO2 from the water. He made connections with Marco Milazzo, Ph.D. and Paola Quatrini, Ph.D., both professors at the University of Palermo in Sicily, who were actively studying nearby, accessible shallow seeps. Tierney secured funding for a collecting expedition from SeedLabs, and reached out to Schubert for help understanding and working with the cyanobacteria that could be present in that environment.

Tierney and Schubert assembled a coalition that ultimately included scientists from the Wyss Institute, HMS, Weill Cornell Medical College, Colorado State University, University of Wisconsin-Madison, MIT, the National Renewable Energy Laboratory in Colorado, and multiple institutions in Palermo, Italy. The group launched a field expedition to the ocean off the coast of Vulcano where they donned SCUBA suits and collected water samples from a CO2-rich shallow seep. They then shipped tubes of the seawater across the Atlantic to Boston, where scientists led by Schubert isolated and characterized the microbes living in the samples.

One microbe's bug is a feature for humanity

To coax their target cyanobacteria to grow, the researchers replicated the conditions a fast-growing cyanobacteria would thrive in: warm temperatures, lots of light, and plenty of CO2. After isolation from enrichment cultures, two strains of fast-growing cyanobacteria were discovered: UTEX 3221 and UTEX 3222. The team chose to focus on UTEX 3222 due to its single-celled growth, which made it easier to compare to existing cyanobacteria strains.




UTEX 3222 produced larger colonies than other known fast-growing cyanobacteria strains, and its individual cells were larger as well -- thus the moniker Chonkus. It also grew to higher density than existing strains, appeared to harbor carbon-containing storage granules in its cells, and had a higher overall carbon content than other strains: all potentially valuable traits for applications like carbon sequestration and bioproduction. Most interestingly, Chonkus rapidly settled into a dense pellet resembling "green peanut butter" at the bottom of its sample tubes, while other strains remained suspended. This behavior is especially valuable for industrial processing, as concentrating and drying biomass currently accounts for 15-30% of production costs.

"Many of the traits that we observed in Chonkus aren't inherently useful in their natural environment, but are very useful to humans. Aquatic organisms naturally grow at very low density, but being able to grow to a high density at higher temperatures is very helpful in the industrial environments that we use to manufacture many goods and products, and can help sequester more carbon," said Tierney. "An incredible amount of microbial diversity exists out there in the world, and we believe it's more efficient to seek out the microbes that have already evolved to succeed in human-relevant environments rather than trying to engineer all of the traits we want into lab-grown E. coli bacteria."

The team is excited about the many applications that could be addressed with Chonkus or modified versions of the microbe. Many organizations are investigating the use of fast-growing organisms for carbon sequestration, and Chonkus could one day join their ranks. Several products are currently manufactured in algae, like omega-3 fatty acids, the antioxidant astaxanthin, and spirulina, and could be made more efficiently in a strain that grows quickly and densely. And the fact that cyanobacteria directly harvest carbon from their environment to grow means that they can couple the processes of carbon sequestration and biomanufacturing together in a single organism. Samples of UTEX 3222 and UTEX 3221 are cryopreserved and publicly available for other researchers to use from the Culture Collection of Algae at the University of Texas, Austin.

Inspired by the success of their first expedition, Tierney has since co-founded a non-profit organization with paper co-authors Krista Ryon and James Henriksen called The Two Frontiers Project, which aims to study how life thrives in extreme environments through next-generation scientific expeditions. The group has already completed subsequent expeditions to hot springs in Colorado, the Smoking Lands in the Tyrrhenian Sea, the coral reefs of the Red Sea, and others. The organization is focused on microbes that have uses for three major applications: carbon capture, CO2 upcycling for sustainable products, and coral ecosystem restoration.

"The traits inherent in the naturally evolved cyanobacteria strains described in this research have the potential to be used both in industry and the environment, including biomanufacturing of useful carbon-based products or sinking large volumes of carbon to the ocean floor. While further modifications could be made to enhance these microbes' abilities, harnessing billions of years of evolution is a significant leg up in humanity's urgent need to mitigate and reverse climate change," said Church, who is also the Robert Winthrop Professor of Genetics at HMS and a Professor of Health Sciences and Technology at Harvard and MIT. "But it's very important to 'build the seatbelts before you build the car' -- our lab also studies bio-containment approaches that help contain and control these kinds of experiments."

"The Wyss Institute was founded on the belief that Nature is the best source of innovation on the planet, and that emulating its principles is the key to driving positive impact. I'm proud of this team for getting out of the lab and seeking Nature's best ideas where they've already developed. This is a wonderful example of how our new Sustainable Futures Initiative is pursuing out-of-the-box approaches to confront climate change -- the biggest challenge of our generation," said Wyss Founding Director Don Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and the Hansjorg Wyss Professor of Biologically Inspired Engineering at Harvard's John A. Paulson School of Engineering and Applied Sciences.

Additional authors of the paper include Tzu-Chieh Tang, Isabella Goodchild-Michelman, Krista Ryon, James Henriksen, Theodore Chavkin, Yanqi Wu, Teemu Miettinen, Stefanie Van Wychen, Lukas Dahlin, Davide Spatafora, Gabriele Turco, Michael Guarnieri, Scott Manalis, John Kowitz, Raja Dhir, Paola Quatrini, Christopher Mason, and Marco Milazzo.

This research was supported by the US Department of Energy (DOE) under grant no. DE-FG02-02ER63445 and by the National Science Foundation (NSF) award no. MCB-2037995, SEED Labs, the WorldQuant Foundation, the Scientific Computing Unit (SCU) at Weill Cornell Medical College, and the International CO2 Natural Analogues (ICONA) Network.
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Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging | ScienceDaily
Erebus Bay, Antarctica, is home to the southernmost population of the world's southernmost living mammal -- the Weddell seal. These seals may look like couch potatoes when they are resting on the ice, but Weddell seals go to great lengths to make a living in the harshest and most rapidly changing environments. Weddell seals are exceptional divers that can reach depths of more than 900 meters (2,952 feet) with some dives lasting 96 minutes -- well beyond their aerobic threshold.


						
New research from the Woods Hole Oceanographic Institution (WHOI) and partners sheds light on a novel dive foraging strategy, striking a fine balance when it comes to pushing their breath hold capacities and trying to maximize use of the seasonal Antarctic light.

According to the just published article in Communications Biology, the seals strategically conduct their deepest, longest, and most extreme dives earlier in the day, rather than during peak foraging times at midday.

Lead author Michelle Shero, an assistant scientist in Biology at WHOI, explained, "These extreme dives require longer recuperation times once the seals return to the surface. So, if the seals make extreme dives in the middle of the day when it is maximum light -- there may be lots of prey around that are easy to see, but the seals would still 'miss out' because they'd have to spend a lot of time recuperating. Not conducting extreme dives when prey is most accessible, may actually be the best strategy."

"We are seeing these animals through a whole year when it's daylight 24/7, a combination of daytime and nighttime, and then dark 24/7, providing a 'natural experiment' to better understand how the seals' feeding strategies change with a range of light conditions. During peak daylight hours, almost all animals including the seal's prey will descend deep into the water column to avoid predation. We expected that the seals would follow their food and that their deepest, longest dives might occur at midday when the sun is overhead. But what we surprisingly found was that the seals appeared to actually avoid making their most extreme dives during midday," said Shero, "allowing the seals to keep diving over and over without having to pause for long."

"This allows them to spend almost all of their time underwater, foraging under high-light conditions, which is best for visual hunters," continued Shero. "These animals are making very strategic decisions about when to make their long dives, so they can best interact with the daily changing environment in the Antarctic, allowing them to maximize their prey."

The researchers outfitted the seals with Conductivity Temperature Depth-Satellite Relay Dive Loggers, which collected a total of 8,913 seal days of behavioral data from 59 adult seals throughout the western Ross Sea in the Antarctic. The data helped shed light on the tradeoffs the seals make between the conservation of their oxygen stores and the energetic gains that could be realized with capturing prey.




"For me, one of the more surprising findings of this research was our discovery that Weddell seals 'plan' their activities in a much more nuanced way than I had previously appreciated," said journal article co-author Jennifer Burns, professor and chair of the Department of Biological Sciences at Texas Tech University, Lubbock. "Not only did the seals shift the average depth and duration of their dives in response to current light levels, but they also made their longest and most taxing dives at times when their recovery period was least likely to negatively impact overall foraging success. So not only were they planning when to forage, but it also seems that they were thinking ahead and planning when to rest."

"Although it may not be surprising that a visual predator would maximize foraging when daylight is most intense, scientifically showing Weddell seals are in tune with circadian rhythms/light levels while foraging is fascinating," said article co-author Kimberly Goetz, research fisheries biologist with the Marine Mammal Laboratory in Seattle, Washington. "Another important finding was that the circadian patterns were at odds with physiological constraints, in that exceedingly long dives did not overlap with optimal conditions for visual hunting presumably due to the time needed to recover afterward. Instead, animals likely opt to take full advantage of daylight by performing shallower dives that do not require as much recovery time before continuing to forage. The findings in this paper are likely applicable to other diving visual predators inhabiting marine environments with extreme variations in light levels throughout the year, including emperor penguins."

Article co-author Daniel Costa, distinguished professor of ecology and evolutionary biology at the University of California, Santa Cruz, noted, "Weddell seals live in one of the most hostile environments on the planet and need to keep their internal clock running during periods when the sun never sets or when the sun never rises. Our study found that they take great advantage of the periods of short-day length to make the longest dives that push their physiological ability to the extreme to do the most hunting when there is light to enable their search for food and or breathing holes in the ice.

Funding for this research was provided by the National Science Foundation (NSF) and the Every Page Foundation, with logistical support provided by NSF's U.S. Antarctic Program, Raytheon Polar Services, and Lockheed Martin ASC.
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Fossil hunters strike gold with new species | ScienceDaily
Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York.


						
The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

Lomankus also happens to be bright gold -- thanks to layers of pyrite (fool's gold) that have crept into its remains.

And the gold color isn't just for show. The pyrite, located in a fossil-rich area near Rome, New York, known as "Beecher's Bed," helped to preserve the fossils by gradually taking the place of soft-tissue features of Lomankus before they decayed.

"These remarkable fossils show how rapid replacement of delicate anatomical features in pyrite before they decay, which is a signature feature of Beecher's Bed, preserves critical evidence of the evolution of life in the oceans 450 million years ago," said Derek Briggs, the G. Evelyn Hutchinson Professor of Earth and Planetary Sciences in Yale's Faculty of Arts and Sciences.

Briggs is co-author of a new study in Current Biology describing the new species. He is also a curator at the Yale Peabody Museum.

Briggs and his co-authors said Lomankus, which is part of an extinct group of arthropods called Megacheira, is evolutionarily significant in several ways.




Like other Megacheirans, Lomankus is an example of an arthropod with an adaptable head and specialized appendages (a scorpion's claws and a spider's fangs are other examples). In the case of Lomankus, its front appendages bear a trio of long, flexible, whip-like flagella -- which may have been used to perceive its surroundings and detect food.

"Arthropods typically have one or more pairs of legs at the front of their bodies that are modified for specialized functions like sensing the environment and capturing prey," said Luke Parry, a former Yale postdoctoral researcher who is now an associate professor at the University of Oxford, and co-corresponding author of the study. "These special legs make them very adaptable, somewhat like a biological Swiss army knife."

In addition, the Lomankus fossils indicate that Megacheirans continued to evolve and diversify longer than previously thought. Lomankus is one of the only known Megacheirans to have survived past the Cambrian Period (485 to 541 million years ago) and into the Ordovician Period (443 to 485 million years ago). Paleontologists believe Megacheirans were largely extinct by the beginning of the Ordovician Period.

The new Lomankus fossils also have several ties to Yale's paleontological efforts, going back more than a century.

The site where they were discovered, Beecher's Bed, is named for Charles Emerson Beecher, who was head of the Yale Peabody Museum from 1899 until 1904. Beecher published classic papers on the anatomy and relationships of trilobites (one of the earliest arthropod groups) from the site, and his material was studied and expanded upon by other scientists for generations.

Briggs was one of them. His first paper on Beecher's Bed fossils was published in 1991, and as curator of invertebrate paleontology at the Peabody in the early 2000s (and subsequently director of the museum), he arranged for Yale to lease the site for field studies until 2009.

Paleontologist Yu Liu of Yunnan University in China, co-corresponding author of the study, contacted Briggs about the new fossils from Beecher's Bed, which he had acquired from a Chinese fossil collector. Briggs then brought in Parry, his former postdoc, with whom he was already collaborating on research about similar fossils at the Peabody.

"The preservation is remarkable," Briggs said. "The density of the pyrite contrasts with that of the mudstone in which they were buried. Their details were extracted based on computed tomography [CT] scanning, which gave us 3D images of the fossils."

The new fossil specimens have been donated to the Peabody.
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What animal societies can teach us about aging | ScienceDaily
Red deer may become less sociable as they grow old to reduce the risk of picking up diseases, while older house sparrows seem to have fewer social interactions as their peers die off, according to new research which shows humans are not the only animals to change our social behaviour as we age.


						
A collection of 16 studies, including six from the University of Leeds, have been published today as part of a special issue of the Philosophical Transactions of the Royal Society, investigating ageing and society across the natural world.

One study into red deer shows that as older female deer become less and less social with age, cutting down on competition and reducing their risk of parasite infection. The study used data from a long-running project tracking a wild herd on the Scottish island of Rum.

Dr Josh Firth from the University of Leeds' School of Biology, an editor of the Special Issue, said that while previous research has often considered the process of becoming less social with age, known as "social ageing," as potentially negative, these studies show changing habits could in fact bring benefits.

Dr Firth said: "These kinds of effects might be expected across societies, where individuals might avoid social interactions as they become more vulnerable to the costs of infection.

"Animal populations are a great way of considering the fundamental rules of how ageing may shape societies."

Like older humans who cut down their social interactions to avoid infections like Covid-19 -- "shielding" during the pandemic in 2020 and 2021 -- the less sociable older does are less likely to pick up certain parasite infections.




"Wild animals provide a good model system for considering the costs and benefits of changing social behaviour with age, and in this case may provide an example of ageing individuals reducing their social connections to avoid disease," Dr Firth added.

The special edition is an international collaboration and looks at how individuals of different species age, how this shapes their social interactions, and what this means for their societies.

Dr Greg Albery from Trinity College Dublin, a co-editor on the Special Issue, said: "Because ageing is a universal process, and all animals live in some sort of social context, the topics that we discuss in detail can have really far-ranging implications. The hope is that in understanding the diversity of ageing and sociality across lots of different species, we can shine a light on the processes governing our own society in a time when understanding ageing is particularly important."

Even the common garden bird the house sparrow changes its social behaviour as it ages, according to another paper in the collection. Co-author of this research, Dr Jamie Dunning said:

"Our study is one of the first to suggest that birds, like mammals, also reduce the size of their social network as they age. Specifically, the number of friendships, and how central a bird is to the wider social network, declined with age."

The results may be driven by existing friends of same cohort groups dying as they age, and because it takes more effort for older birds to make friendships with fewer same-age individuals available to bond with. Conversely, the benefits of social connections may be lower than they are for younger individuals, who may come to rely on those connections for things like reproduction or information later in life, Dr Dunning added.




The house sparrow study was led by Dr Julia Schroeder at Imperial College London, the academic lead of the long-term house sparrow study on the English island of Lundy. With no sparrows either arriving in the remote island population or leaving it, researchers can monitor the whole population from birth to death and everything in between in exceptional detail.?In future, Dr Schroeder said they are interested in investigating how and when individual friendships are formed.

The research collection shows that the social effects of ageing are a very general biological phenomenon, extending even to fruit flies.

The new Special Issue also considers the social lives of insects. Research leader Professor Amanda Bretman3 said: "In humans, a poor social environment can have the same level of impact as smoking or obesity on healthy ageing. We also know that the same is true for other animals, but most of the work is focussed on animals we think have complex societies like chimps or bees. We systematically reviewed evidence that even in insects we don't usually think of as having complex social lives, their social environment has some big impacts on their lifespan and ageing."

The studies reveal interesting patterns, she added, showing that sexes can respond differently, that the social environment during development or adulthood can have different impacts, and that the age of social partners is important.

The subjects Prof Bretman's team worked with, Drosophila fruit flies, were easy to manipulate in the laboratory meaning they could get a much more detailed and mechanistic understanding of why social ageing happens, which could eventually lead to new interventions to support healthy ageing in humans.

Animal systems are now widely considered as well placed for developing our fundamental understanding of ageing societies, Dr Firth added.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028211432.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A faster, better way to train general-purpose robots | ScienceDaily
In the classic cartoon "The Jetsons," Rosie the robotic maid seamlessly switches from vacuuming the house to cooking dinner to taking out the trash. But in real life, training a general-purpose robot remains a major challenge.


						
Typically, engineers collect data that are specific to a certain robot and task, which they use to train the robot in a controlled environment. However, gathering these data is costly and time-consuming, and the robot will likely struggle to adapt to environments or tasks it hasn't seen before.

To train better general-purpose robots, MIT researchers developed a versatile technique that combines a huge amount of heterogeneous data from many of sources into one system that can teach any robot a wide range of tasks.

Their method involves aligning data from varied domains, like simulations and real robots, and multiple modalities, including vision sensors and robotic arm position encoders, into a shared "language" that a generative AI model can process.

By combining such an enormous amount of data, this approach can be used to train a robot to perform a variety of tasks without the need to start training it from scratch each time.

This method could be faster and less expensive than traditional techniques because it requires far fewer task-specific data. In addition, it outperformed training from scratch by more than 20 percent in simulation and real-world experiments.

"In robotics, people often claim that we don't have enough training data. But in my view, another big problem is that the data come from so many different domains, modalities, and robot hardware. Our work shows how you'd be able to train a robot with all of them put together," says Lirui Wang, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this technique.




Wang's co-authors include fellow EECS graduate student Jialiang Zhao; Xinlei Chen, a research scientist at Meta; and senior author Kaiming He, an associate professor in EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL). The research will be presented at the Conference on Neural Information Processing Systems.

Inspired by LLMs

A robotic "policy" takes in sensor observations, like camera images or proprioceptive measurements that track the speed and position a robotic arm, and then tells a robot how and where to move.

Policies are typically trained using imitation learning, meaning a human demonstrates actions or teleoperates a robot to generate data, which are fed into an AI model that learns the policy. Because this method uses a small amount of task-specific data, robots often fail when their environment or task changes.

To develop a better approach, Wang and his collaborators drew inspiration from large language models like GPT-4.

These models are pretrained using an enormous amount of diverse language data and then fine-tuned by feeding them a small amount of task-specific data. Pretraining on so much data helps the models adapt to perform well on a variety of tasks.




"In the language domain, the data are all just sentences. In robotics, given all the heterogeneity in the data, if you want to pretrain in a similar manner, we need a different architecture," he says.

Robotic data take many forms, from camera images to language instructions to depth maps. At the same time, each robot is mechanically unique, with a different number and orientation of arms, grippers, and sensors. Plus, the environments where data are collected vary widely.

The MIT researchers developed a new architecture called Heterogeneous Pretrained Transformers (HPT) that unifies data from these varied modalities and domains.

They put a machine-learning model known as a transformer into the middle of their architecture, which processes vision and proprioception inputs. A transformer is the same type of model that forms the backbone of large language models.

The researchers align data from vision and proprioception into the same type of input, called a token, which the transformer can process. Each input is represented with the same fixed number of tokens.

Then the transformer maps all inputs into one shared space, growing into a huge, pretrained model as it processes and learns from more data. The larger the transformer becomes, the better it will perform.

A user only needs to feed HPT a small amount of data on their robot's design, setup, and the task they want it to perform. Then HPT transfers the knowledge the transformer grained during pretraining to learn the new task.

Enabling dexterous motions

One of the biggest challenges of developing HPT was building the massive dataset to pretrain the transformer, which included 52 datasets with more than 200,000 robot trajectories in four categories, including human demo videos and simulation.

The researchers also needed to develop an efficient way to turn raw proprioception signals from an array of sensors into data the transformer could handle.

"Proprioception is key to enable a lot of dexterous motions. Because the number of tokens is in our architecture always the same, we place the same importance on proprioception and vision," Wang explains.

When they tested HPT, it improved robot performance by more than 20 percent on simulation and real-world tasks, compared with training from scratch each time. Even when the task was very different from the pretraining data, HPT still improved performance.

In the future, the researchers want to study how data diversity could boost the performance of HPT. They also want to enhance HPT so it can process unlabeled data like GPT-4 and other large language models.

"Our dream is to have a universal robot brain that you could download and use for your robot without any training at all. While we are just in the early stages, we are going to keep pushing hard and hope scaling leads to a breakthrough in robotic policies, like it did with large language models," he says.
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Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein | ScienceDaily
Humans aren't the only ones who grow forgetful as they age -- fruit flies do, too. But because fruit flies have a lifespan of only about two months, they can be a useful model for understanding the cognitive decline that comes with aging.


						
A new study published in Nature Communications shows that when a common cell structural protein called filamentous actin, or F-actin, builds up in the brain, it inhibits a key process that removes unnecessary or dysfunctional components within cells, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few specific genes in aging fruit flies' neurons, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

Actin, a family of proteins that help give cells their shape, are abundant throughout the body. F-actin forms filaments that are essential for maintaining cell structure and many other functions. The researchers, led by former postdoctoral scholar Edward (Ted) Schmid in David Walker's lab, noticed F-actin buildup in the brains of aging fruit flies and wondered if it contributed to brain aging and overall loss of organismal health.

Their first clue of a correlation: Flies on a restricted diet both lived longer and had less F-actin buildup in their brains. Their second clue: When treated with a drug known to extend lifespan, called rapamycin, there was also less F-actin in the brains of aged flies.

"But that's correlation, not a direct demonstration that F-actin is detrimental to aging of the brain," said Walker, senior author and UCLA professor of integrative biology and physiology. "To get at causality, we turned to genetics."

Because the fruit fly genome is thoroughly mapped and understood, the group was able to target in aging fruit flies genes that are known to play important roles in the accumulation of actin filaments. That included a gene called Fhos, a member of a family of proteins known to elongate and organize actin filaments.

"When we reduced Fhos expression in aging neurons, it prevented the accumulation of F-actin in the brain," said Schmid, now an investigator at the Arkansas Biosciences Institute and assistant professor at Arkansas State University. "This really allowed us to expand our study because now, we had a direct way to target F-actin accumulation in the brain and study how it affects the aging process."

Even though the genetic intervention was targeted to just neurons, it improved the flies' overall health. They lived 25-30% longer, while showing signs of improved brain function as well as markers of improved health in other organ systems. Preventing F-actin accumulation protected cognitive function, which shows the buildup is driving age-onset cognitive decline.




"Flies get more forgetful as they age, and their ability to learn and remember declines in middle age, just like it does in people," Walker said. "If we prevent accumulation of F-actin, it helps the flies learn and remember when older -- which tells us the buildup is not benign."

Further investigation showed the F-actin was interfering with the body's "cellular garbage disposal system." Damaged or superfluous proteins and other components inside a cell are broken down in a process called "autophagy." Aging research has established that autophagy pathways become less active with age, but no one knew exactly why.

The new study shows that preventing F-actin accumulation led to much more active autophagy in the brains of aged fruit flies. The authors found that if they removed F-actin but also disabled autophagy, it did not slow aging: The primary mechanism by which F-actin drives brain aging appears to be by impairing autophagy. The researchers also showed that disrupting F-actin in aged brains can restore brain autophagy to youthful levels and reverse certain cellular makers of brain aging.

These findings may be good news for the elderly fruit flies with reduced F-actin in their brains. But it has not yet been demonstrated in humans, and developing interventions to prevent F-actin accumulation might prove more challenging. Still, the discovery directs researchers in a fruitful new direction for healthier aging in people.

"Most of us in the aging field are focused on moving beyond lifespan into what we call the healthspan," said Walker. "We want to help people enjoy good health and a high quality of life while extending the lifespan. Our study improved cognitive and gut function, activity level, and overall healthspan of fruit flies -- and offers hope for what we might be able to achieve in humans."

The research was funded by the National Institutes of Health's National Institute on Aging.
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Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism | ScienceDaily
201.6 million years ago, one of the Earth's five great mass extinctions took place, when three-quarters of all living species suddenly disappeared. The wipeout coincided with massive volcanic eruptions that split apart Pangaea, a giant continent then comprising almost all the planet's land. Millions of cubic miles of lava erupted over some 600,000 years, separating what are now the Americas, Europe and North Africa. It marked the end of the Triassic period and the beginning of the Jurassic, the period when dinosaurs arose to take the place of Triassic creatures and dominate the planet.


						
The exact mechanisms of the End Triassic Extinction have long been debated, but most prominent: Carbon dioxide surfaced by the eruptions built up over many millennia, raising temperatures to unsustainable levels for many creatures, and acidifying the oceans. But a new study says the opposite: cold, not warmth was the main culprit. The study presents evidence that instead of stretching over hundreds of thousands of years, the first pulses of lava that ended the Triassic were stupendous events lasting less than a century each. In this condensed time frame, sunlight-reflecting sulfate particles were spewed into the atmosphere, cooling the planet and freezing many of its inhabitants. Gradually rising temperatures in an environment that was hot to begin with -- atmospheric carbon dioxide in the late Triassic was already three times today's level -- may have finished the job later on, but it was volcanic winters that did the most damage, say the researchers.

"Carbon dioxide and sulfates act not just in opposite ways, but opposite time frames," said lead author Dennis Kent of the Columbia Climate School's Lamont-Doherty Earth Observatory. "It takes a long time for carbon dioxide to build up and heat things, but the effect of sulfates is pretty much instant. It brings us into the realm of what humans can grasp. These events happened in the span of a lifetime."

The study was just published in the journal Proceedings of the National Academy of Sciences.

The Triassic-Jurassic extinction has long been thought tied to the eruption of the so-called Central Atlantic Magmatic Province, or CAMP. In a groundbreaking 2013 study, Kent and colleagues provided perhaps the most definitive link. Kent, who studies paleomagnetism, identified a consistent polarity reversal in sediments just below the initial CAMP eruptions, which showed they all happened at the same time across what are now widespread parts of the world. Colleagues then used radioactive isotopes to date the start of volcanism to 201,564,000 years ago, give or take a few tens of thousands of years. Scientists were unable to say how big the initial eruptions were, but it was assumed by many that the massive CAMP deposits must have taken many millennia to build up.

In the new study, Kent and colleagues correlated data from CAMP deposits in the mountains of Morocco, along Nova Scotia's Bay of Fundy, and New Jersey's Newark Basin. Their key evidence: the alignments of magnetic particles in the rocks that recorded the past drifting of Earth's magnetic pole at the time of the eruptions. Due to a complex set of processes, this pole is offset from the planet's unchanging axis of rotation -- true north -- and to boot, changes position by a few tenths of a degree each year. (The reason that compasses do not point exactly north.) Because of this phenomenon, magnetic particles in lavas that were emplaced within a few decades of each other will all point in the same direction, while ones emplaced, say, thousands of years later will point 20 or 30 degrees in a different direction.

What the researchers found was five successive initial CAMP lava pulses spread over about 40,000 years -- each with the magnetic particles aligned in a single direction, indicating the lava pulse had emerged in less than 100 years, before drift of the magnetic pole could manifest itself. They say that these huge eruptions released so many sulfates so quickly that the sun was largely blocked out, causing temperatures to plunge. Unlike carbon dioxide, which hangs around for centuries, volcanic sulfate aerosols tend to rain out of the atmosphere within years, so resulting cold spells don't last very long. But due to the rapidity and size of the eruptions, these volcanic winters were devastating. The researchers compared the CAMP series to sulfates from the 1783 eruption of Iceland's Laki volcano, which caused widespread crop failures; just the initial CAMP pulses were hundreds of times greater, they say.

In sediments just below the CAMP layers lie Triassic-era fossils: large terrestrial and semiaquatic relatives of crocodiles, strange tree lizards, giant, flat-headed amphibians, and many tropical plants. Then they disappear with the CAMP eruptions. Small feathered dinosaurs had been around for tens of millions of years before this, and survived, eventually to thrive and get much larger, along with turtles, true lizards, and mammals, possibly because they were small and could survive in burrows.

"The magnitude of the environmental effects are related to how concentrated the events are," said study coauthor Paul Olsen, a paleontologist at Lamont-Doherty. "Small events spread out over [tens of thousands of years] produce much less of an effect than the same total volume of volcanism concentrated in less than a century. The overarching implication being that the CAMP lavas represent extraordinarily concentrated events."

The study was coauthored by Huapei Wang of China University of Geosciences, Morgan Schaller of Rensselaer Polytechnic Institute and Mohammed Et-Touhami of Morocco's Universite Mohamed Premier.
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Lab-grown pork gets support from sorghum grain | ScienceDaily
Meat grown in a lab isn't science fiction anymore. Cultured meats have existed for over a decade, and as of 2023, you might even find lab-grown chicken in restaurants (in the U.S., at least). Now, with the literal support of plant-based scaffolds, "clean meat" options are expanding. Researchers publishing in ACS' Journal of Agricultural and Food Chemistry have created a prototype cultured pork using a new material: kafirin proteins isolated from red sorghum grain.


						
Cultured meats have emerged alongside plant-based meats as more ethical and environmentally friendly alternatives to eating animals. Manufacturing both types requires far less land and water, and the process emits fewer greenhouse gases during production. Unlike plant-based mimics, cultured meats use actual animal cells, but they are grown in a lab on porous protein scaffolds rather than obtained directly from an animal's flesh. A variety of materials, including wheat gluten, pea protein and soy protein, have been used to create these supports. However, these water-soluble options require extra treatment steps or cause problems for those with gluten intolerances or allergies. To address that, Linzhi Jing, Dejian Huang and colleagues proposed using kafirin -- a protein found in sorghum grain -- as a gluten-free, water-insoluble alternative protein for scaffolding on which to grow a prototype cultured pork.

The team extracted kafirin from red sorghum flour and constructed a porous, 3D protein scaffold by soaking sugar cubes in the kafirin solution. The proteins stuck to the sugar crystals, which were then dissolved using water, leaving behind a cube-shaped support structure. To make the prototype cultured meat, Jing, Huang and colleagues introduced pork stem cells to the scaffold. After 12 days, they saw that the cells had readily attached to the kafirin and were differentiating into pork muscle and fat cells.

Compared to raw lean pork, the cultured pork contained more protein and saturated fat and fewer mono- and polyunsaturated fats. Researchers also found that red pigments from the sorghum provided the cultured meat with a pork-like color and some antioxidant properties. However, because the sorghum's structural proteins were so stable, the cultured meat's texture and color changed very little after boiling, making the raw and cooked versions look similar. The researchers say that additional work is needed to fine-tune the cultured pork's nutritional and textural properties, but this study proves kafirin's utility as a promising scaffold material for cultured meat products.

The authors acknowledge funding from the National University of Singapore (Suzhou) Research Institute Biomedical and Health Technology Platform and the Natural Science Youth Foundation of Jiangsu, China. 
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Why langurs drink salt water | ScienceDaily
A study by the German Primate Center -- Leibniz Institute for Primate Research in Gottingen and Leipzig Zoo shows the remarkable adaptability of the critically endangered Cat Ba langurs. Despite low genetic diversity, the langurs have retained key genetic traits that help them survive in their isolated environment on Cat Ba Island in Vietnam. One of these remarkable adaptations is the ability to drink salt water (Nature Communications).


						
The study is dedicated to the genetic challenges faced by the fewer than 100 remaining individuals of this primate species. Due to the dramatic decline of its population, the species suffers from genetic impoverishment, high inbreeding and a potentially increased susceptibility to disease. Nevertheless, analysis of their genetic information shows that genetic diversity has been maintained in functionally important areas of their genetic information. This enables the Cat Ba langurs (Trachypithecus poliocephalus) to continue to cope adequately with changing environmental conditions.

"Their adaptability makes the animals unique. Drinking salt water is an outstanding example of this," says Liye Zhang, geneticist at the German Primate Center (DPZ) and lead author of the study.

This extraordinary ability is a direct consequence of their isolated island home, where there are only limited freshwater sources. The researchers show that changes in certain genes have probably increased tolerance to salt water. These genetic adaptations enable langurs to cope with the high sodium content of salt water and thus contribute to their survival in this unique environment.

The Cat Ba langur: a symbol of adaptability and urgent need for protection

The Cat Ba langur, one of the rarest primate species in the world, is not only highly endangered, but also symbolizes nature's remarkable ability to adapt to challenging conditions. "These research results highlight the urgency of better protecting the Cat Ba langur and its habitat," emphasizes Christian Roos, scientist at the DPZ and co-author of the current study.

Although many mammal populations are declining worldwide, the genetic effects of such population declines often remain unexplored. The Cat Ba langur is a valuable model for analyzing the consequences of severe population declines on the genetic diversity of a species. The population of this langur species once numbered several hundred animals, but was reduced to an alarming 40 individuals by 2004 due to hunting, poaching and habitat loss. The population has since recovered to around 85 animals. Nevertheless, the species is still threatened with extinction, particularly due to habitat fragmentation, disturbance from uncontrolled tourism and increasing inbreeding. These threats underline the need to expand existing conservation measures and intensify targeted conservation programs in order to ensure the long-term survival of this primate species.

The Cat Ba Langur Conservation Project

The Cat Ba Langur Conservation Project, initiated in 2000 by Allwetterzoo Munster and the Zoological Society for Species and Population Conservation, works together with Cat Ba National Park to protect primates and other endangered animal and plant species as well as their unique habitat. Since 2019, Leipzig Zoo has been responsible for implementing the project at Cat Ba, which also operates a rescue and conservation center for endangered primates in Vietnam. Descendants of Cat Ba langurs originally confiscated from the illegal wildlife trade are cared for and bred there. "Together with our Vietnamese and international partners, we have achieved a great deal in recent years to protect these unique langurs and their habitat. The doubling of the population is an outstanding example of successful holistic species and nature conservation. Nevertheless, it would be premature to call this highly endangered species saved. In the coming years, it will be increasingly important to effectively protect the habitat in the long term and, if necessary, to recolonize other habitats on the island," emphasizes Jorg Junhold, Director of Leipzig Zoo.
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Seeing a black hole's jet in a new light | ScienceDaily
Research led by the University of Michigan has pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.


						
In particular, the study looks at the high-energy jet of particles being blasted across space by the supermassive black hole at the center of the galaxy Centaurus A.

Jets are visible to different types of telescopes, including those that detect radio waves and others that collect X-rays. Since Chandra's 1999 launch, many astronomers have been particularly interested in the unexpectedly bright X-ray signals from jets.

Still, it appeared that X-ray observations were essentially capturing the same features as their more established radio counterparts, which isn't the most exciting outcome.

Jets are massive cosmic structures -- some are larger than their host galaxies -- that still harbor many mysteries. If a jet looks the same to different instruments, that doesn't do any favors for the folks working to unravel these astrophysical puzzles.

"A key to understanding what's going on in the jet could be understanding how different wavelength bands trace different parts of the environment," said lead author David Bogensberger, a postdoctoral fellow at U-M. "Now we have that possibility."

The new study is the latest entry in a small but growing body of research that's digging deeper into data to spot subtle, meaningful differences between radio and X-ray observations.




"The jet in X-rays is different from the jet in radio waves," Bogensberger said. "The X-ray data traces a unique picture that you can't see in any other wavelength."

Bogensberger and an international team of colleagues published their findings in The Astrophysical Journal.

In its study, the team looked at Chandra's observations of Centaurus A from 2000 to 2022. Or, more accurately, Bogensberger developed a computer algorithm to do that. The algorithm tracked bright, lumpy features in the jet, which are called knots. By following knots that moved during the observation period, the team could then measure their speed.

The speed of one knot was particularly remarkable. In fact, it appeared to be moving faster than the speed of light because of how it moves relative to Chandra's vantage point near Earth. The distance between the knot and Chandra shrinks almost as fast as light can travel.

The team determined the knot's actual speed was at least 94% the speed of light. A knot in a similar location had previously had its speed measured using radio observations. That result clocked the knot with a significantly slower speed, about 80% the speed of light.

"What this means is that radio and X-ray jet knots move differently," Bogensberger said.




And that wasn't the only thing that stood out from the data.

For example, radio observations of knots suggested the structures closest to the black hole move the fastest. In the new study, however, Bogensberger and his colleagues found the fastest knot in a sort of middle region -- not the farthest from the black hole, but not the nearest to it either.

"There's a lot we still don't really know about how jets work in the X-ray band. This highlights the need for further research," Bogensberger said. "We've shown a new approach to studying jets and I think there's a lot of interesting work to be done."

For his part, Bogensberger will be using the team's approach to examine other jets. The jet in Centaurus A is special because it's the closest jet we know of at about 12 million light years away.

This relative proximity made it a good first option for testing and validating the team's methodology. Features like knots become more challenging to resolve in jets that are farther away.

"But there are other galaxies where this analysis can be done," Bogensberger said. "And that's what I plan to do next."
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Pythons can swallow even bigger prey than scientists realized | ScienceDaily
Burmese pythons can consume prey even larger than scientists realized, according to a new study.


						
That means more animals are on the menu across southern Florida, where the nonnative, invasive snakes have decimated populations of foxes, bobcats, raccoons and other animals.

Pythons swallow deer, alligators and other prey whole. What they eat is limited in part by how big an animal they can wrap their flexible, stretchy jaws around. Researchers call this the snake's gape.

University of Cincinnati Professor Bruce Jayne said measurements of snakes captured in and around Everglades National Park show that the biggest pythons have an even bigger gape than mathematical models would suggest.

Jayne examined three of the largest snakes captured by research partners Ian Easterling and Ian Bartoszek at the Conservancy of Southwest Florida measuring 15, 17 and 19 feet long.

Researchers previously examined pythons with a gape of 22 centimeters (or 8.7 inches) in diameter. But the largest of the snakes Jayne's research partners captured had a maximal gape of 26 centimeters (or 10.2 inches).

"That doesn't sound like a lot -- just 18% bigger," Jayne said.




But the total area of the gape increased by a whopping 40%, Jayne said. The largest snakes had a gape circumference of more than 81 centimeters -- the equivalent of a 32-inch waist on a pair of pants.

And that means snakes can consume far larger prey than was previously known. Based on prey items researchers found inside Burmese pythons, researchers know they will kill and consume animals nearly too big to swallow. Researchers observed one snake consuming a 77 pound deer representing two-thirds of the snake's total mass.

"Watching an invasive apex predator swallow a full-sized deer in front of you is something that you will never forget," Bartoszek said."The impact the Burmese python is having on native wildlife cannot be denied. This is a wildlife issue of our time for the Greater Everglades ecosystem."

Knowing the limits on the size of prey that predators can eat can help researchers predict the ecological impact the invasive snakes might have as they move into new areas.

The study was published in the journal Reptiles & Amphibians.

Burmese pythons are native to the rainforests of southeast Asia. They were introduced to the wilds of Florida through the pet trade as escapees and intentional releases from irresponsible owners.




What gives pythons the ability to eat such large animals is their incredible mouths. The lower jawbone is not fused at the front allowing the jaws to stretch wide. And their skin is so soft and super stretchy that it accounts for more than half the circumference of their gape, allowing the pythons to consume prey six times bigger than that of other similar-sized snake species.

Researchers examined the scaling relationship between the snake's gape and its cranial anatomy and overall size to understand its predatory capabilities.

Burmese pythons are about 24 inches long and weigh about 4 ounces when they hatch, but they grow fast. They can double their length and body weight in a year. The biggest adults can stretch nearly 20 feet and weigh more than 200 pounds.

"Big pythons longer than 16 feet are very rare. Of the more than 9,000 pythons that contractors have captured in Florida, less than 1% were of that extreme size," Jayne said.

The Conservancy of Southwest Florida began its Burmese python research and removal efforts in southern Florida in 2013.

The group tracked the movements of 120 radio-tagged adult pythons known as "scout snakes" to better understand the invasive population. Its primary objective is to create a database of behavior and habitat use to better understand python activity. This research helps to inform policymakers, biologists and land managers to develop better control strategies for the invasive snakes.

Bartoszek and his team have removed 770 pythons, collectively weighing more than 33,000 pounds, that are large enough at 6.5 feet or more to eat an animal at least the size of a baby deer. If each of these snakes were to consume just one deer as big as they could swallow, Jayne estimates that would represent a staggering 13,000 pounds of prey.

Jayne said this enormous capacity to eat prey is a big concern if pythons spread to other parts of Florida and potentially the rest of the American Southeast. Burmese pythons are showing up in more places across Florida.

"That's the tip of the iceberg of this phenomenal impact on prey populations in Florida," he said. "Researchers are trying to get a handle on where the spread might stop."
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Evidence mounts for dark energy from black holes | ScienceDaily
Almost 14 billion years ago, at the very beginning of the Big Bang, a mysterious energy drove an exponential expansion of the infant universe and produced all known matter, according to the prevailing inflationary universe theory.


						
That ancient energy shared key features of the current universe's dark energy, which is the largest mystery of our time by at least one objective standard: It makes up the majority -- roughly 70% -- of the universe, but scientists don't know exactly what it is.

"If you ask yourself the question, 'Where in the later universe do we see gravity as strong as it was at the beginning of the universe?' the answer is at the center of black holes," said Gregory Tarle, professor of physics at the University of Michigan and co-author of the study. "It's possible that what happened during inflation runs in reverse, the matter of a massive star becomes dark energy again during gravitational collapse -- like a little Big Bang played in reverse."

In a new study published in the Journal of Cosmology and Astroparticle Physics, Tarle and colleagues from five institutions are strengthening the case for this scenario with recent data from the Dark Energy Spectroscopic Instrument. DESI is made up of 5,000 robotic eyes mounted on the Mayall telescope at the Kitt Peak National Observatory on the land of the Tohono O'odham Nation.

"If black holes contain dark energy, they can couple to and grow with the expanding universe, causing its growth to accelerate" said Kevin Croker, lead author of the team's new study and an assistant research scientist at Arizona State University. "We can't get the details of how this is happening, but we can see evidence that it is happening."

Data from the first year of DESI's planned five-year survey shows tantalizing evidence that the density of dark energy increased in time. This provides a compelling clue supporting this idea of what dark energy is, the researchers said, because that increase in time agrees with how the amount and mass of black holes increased in time.

"When I first got involved with the project, I was very skeptical," said co-author Steve Ahlen, professor emeritus of physics at Boston University. "But I maintained an open mind throughout the entire process and when we started doing the cosmology calculations, I said, 'Well, this is a really nice mechanism for making dark energy.'"

The difference a DESI makes




To search for evidence of dark energy from black holes, the team used tens of millions of distant galaxies measured by DESI. The instrument peers billions of years into the past and collects data that can be used to determine how fast the universe is expanding with exquisite precision. In turn, these data can be used to infer how the amount of dark energy is changing in time.

The team compared these data to how many black holes were being made in the deaths of large stars across the history of the universe.

"The two phenomena were consistent with each other -- as new black holes were made in the deaths of massive stars, the amount of dark energy in the universe increased in the right way," said Duncan Farrah, associate professor of physics at the University of Hawai'i and co-author of the study. "This makes it more plausible that black holes are the source of dark energy."

This research complements a growing body of literature studying the possibility of cosmological coupling in black holes. A 2023 study, involving many of the authors on this paper, reported cosmological coupling in supermassive black holes within galactic centers. That 2023 report encouraged other teams to search for the effect in black holes across all the different places they can be found in the universe.

"Those papers investigate the link between dark energy to black holes by their rate of growth. Our new paper links black holes to dark energy by when they are born," said Brian Cartwright, an astrophysicist, co-author and former general counsel of the U.S. Securities and Exchange Commission.

A key difference in the new paper is that the majority of the relevant black holes are younger than those previously examined. These black holes were born in an epoch when star formation -- which tracks black hole formation -- was well underway, rather than just beginning.




"This occurs much later in the universe and is informed by recent measurements of black hole production and growth as observed with the Hubble and Webb space telescopes," said co-author Rogier Windhorst, an interdisciplinary scientist for the JWST and professor of earth and space exploration at Arizona State University.

"The next question is where these black holes are, and how they have been moving around for the past 8 billion years. Scientists are working to constrain this right now," Croker said.

Science demands more avenues of inquiry and observations, and now that DESI is online, this exploration for dark energy is just getting started.

"This will only bring more depth and clarity to our understanding of dark energy, whether that continues to support the black hole hypothesis or not," Ahlen said. "I think as an experimental endeavor, it's wonderful. You can have preconceived notions or not, but we're driven by data and observations."

Regardless of what those future observations bring, the work happening now represents a sea change in dark energy research, the team said.

"Fundamentally, whether black holes are dark energy, coupled to the universe they inhabit, has ceased to be just a theoretical question," Tarle said. "This is an experimental question now."
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Melting Arctic sea-ice could affect global ocean circulation | ScienceDaily
"Our finding that enhanced melting of Arctic sea-ice likely resulted in significant cooling in northern Europe in the earth's past is alarming," says Mohamed Ezat from the iC3 Polar Research Hub, lead author of the new study. "This reminds us that the planet's climate is a delicate balance, easily disrupted by changes in temperature and ice cover."


						
Ice-free summer conditions are expected to occur in the Arctic Ocean from the year 2050 onwards.

Earlier this month, dozens of climate scientists warned in an open letter that climate change is generating a "serious risk of a major ocean circulation change in the Atlantic [that] would have devastating and irreversible impacts."

The Nordic Seas, located between Greenland and Norway, are a key area for oceanic heat transport and influence weather patterns far beyond their geographical boundaries.

During the early part of the Last Interglacial, over 100,000 years ago, global temperatures were warmer than present, ice volumes were smaller, and sea levels were significantly higher.

Mohammed Ezat's research team has now linked the warming climate and enhanced melting of Arctic sea-ice during that era to changes in regional sea-surface temperature and ocean circulation.

As the sea-ice melted, it altered the salinity and density of the water and disrupted the normal flow of currents, leading to changes in circulation patterns and heat distribution across the ocean.




Understanding the dynamics of the Last Interglacial is crucial, he explains. Past warm periods in the earth's history underscore the importance of feedback mechanisms in the climate system. As the Arctic continues to warm and sea-ice diminishes, further alterations in ocean currents and weather patterns may occur.

Ezat's research team utilized a combination of biological, inorganic and organic geochemical tracers from sediment cores taken from the Nordic Seas. These cores act like time capsules, preserving information about past ocean conditions. By analyzing the chemical signatures within these sediments, the team was able to reconstruct past sea surface temperatures and salinity levels, sources of freshwater input and deep water formation processes.

Mohamed Ezat cautions that many questions still remain unanswered. "We can learn a lot from the still open question of the Last Interglacial cooling in the Norwegian Sea and potential responsible processes" he says. "We hope that our study provides a benchmark for climate modelers to utilize this time period to better constrain the impacts of ice changes on regional and global climate."

The study used a multi-proxy approach (diatom, dinocyst, and planktic foraminiferal assemblages, sea ice biomarkers, planktic foraminiferal Na/Ca and Ba/Ca, and benthic foraminiferal assemblages) to reconstruct the development of sea ice, sea surface temperature, deep ocean convection as well as changes in freshwater input and their sources during the Last Interglacial period. 
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More social species live longer | ScienceDaily
New research from the University of Oxford has revealed that species that are more social live longer and produce offspring for a greater timespan. This is the first study on this topic which spans the animal kingdom, from jellyfish to humans.


						
What are the benefits and costs of sociality? Social organisms may enjoy benefits such as sharing resources, being better protected from predators, and having support to raise offspring. However, by living in more tightly packed groups, social organisms may also suffer disadvantages such as the spread of disease, increased competition, aggression, and conflict.

A new study led by the University of Oxford has carried out a comprehensive assessment on the link between sociality and different life history traits such as generation time, life expectancy, and the length of their reproductive window. Up to now, research evaluating the overall impacts of sociality on performance has focused on single species or groups, such as birds or some mammals. The new study assessed 152 animal species from a wide variety of taxonomic groups, including birds, mammals, insects, and corals.

The results of the study showed that more social species live longer, postpone maturity, and are more likely to reproduce successfully than more solitary species. While social species may not be the best to adapt and benefit from a rapidly changing environment, they are often more resilient as a group. This novel finding supports the hypotheses that, even though sociality comes with some obvious costs, the overall benefits are greater.

The study also revealed that sociality does influence the reduction in an animal's ability to reproduce or survive as they age, known as senescence. For example, social allies may help protect against predation, increasing lifespan, but the stress of social hierarchies and conflicts can have the opposite effect.

Lead author Associate Professor Rob Salguero-Gomez (Department of Biology, University of Oxford) said: "Sociality is a fundamental aspect of many animals. However, we still lack cross-taxonomic evidence of the fitness costs and benefits of being social. Here, by using an unprecedented number of animal species this work has demonstrated that species that are more social (most monkeys, humans, elephants, flamingos, and parrots) display longer life spans and reproductive windows than more solitary species (some fish, reptiles, and some insects)."

Whereas previous studies have tended to class sociality as a binary category (i.e. a species is either not social, or social), this new study recognised that sociality exists as a spectrum across animal species.* The continuum used included more 'intermediate' ways of sociality, such as being gregarious (e.g., wildebeests, zebras, flock-forming birds), communal (e.g., purple martin birds), or colonial (e.g., nesting birds, some wasps, coral polyps). The data were accessed via the open access COMADRE Animal Matrix Database (www.compadre-db.org), which is curated by his Associate Professor Salguero-Gomez's research group at the University of Oxford.

Associate Professor Salguero-Gomez added: "In a post-COVID era, where the impacts of isolation have been quite tangible to humans (a highly social species), the research demonstrates that, across a comparative lens, being more social is associated with some tangible benefits."

Further research is ongoing in Associate Professor Salguero-Gomez's research group to expand the database and combine the data with lab work and further modelling to estimate how more social populations buffer (or fail to) against climate change.

*Sociality was classified following the proposed continuum which shows that sociality is not binary:
    	solitary: individuals spend their time alone, except to breed e.g. tigers
    	gregarious: individuals spend time in groups but social interactions are loose e.g. wildebeests
    	communal: individuals live in close proximity and often share a common nesting or dwelling area, but do not engage in cooperative breeding e.g. purple martin
    	colonial: individuals live in close proximity and always share a common nesting or living area e.g. nesting birds
    	social: individuals live in close proximity and form stable, organised groups, engaging in social behaviours such as cooperative breeding and hierarchical structures e.g. elephants
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How mammals got their stride | ScienceDaily
Mammals, including humans, stand out with their distinctively upright posture, a key trait that fueled their spectacular evolutionary success. Yet, the earliest known ancestors of modern mammals more resembled reptiles, with limbs stuck out to their sides in a sprawled posture.


						
The shift from a sprawled stance, like that of lizards, to the upright posture of modern mammals, as in humans, dogs, and horses, marked a pivotal moment in evolution. It involved a major reorganization of limb anatomy and function in synapsids -- the group that includes both mammals and their non-mammalian ancestors -- eventually leading to the therian mammals (marsupials and placentals) we know today. Despite over a century of study, the exact "how," "why," and "when" behind this evolutionary leap has remained elusive.

Now, in a new study published in Science Advances, Harvard researchers provide new insights into this mystery, revealing the shift from a sprawled to upright posture in mammals was anything but straightforward. Using cutting-edge methods that blend fossil data with advanced biomechanical modeling, the researchers found that this transition was surprisingly complex and nonlinear, and occurred much later than previously believed.

Lead author Dr. Peter Bishop, a postdoctoral fellow, and senior author Professor Stephanie Pierce, both in the Department of Organismic and Evolutionary Biology at Harvard, began by examining the biomechanics of five modern species that represent the full spectrum of limb postures, including a tegu lizard (sprawled), an alligator (semi-upright), and a greyhound (upright).

"By first studying these modern species, we greatly improved our understanding of how an animal's anatomy relates to the way it stands and moves," said Bishop. "We could then put it into an evolutionary context of how posture and gait actually changed from early synapsids through to modern mammals."

The researchers extended their analysis to eight exemplar fossil species from four continents spanning 300 million years of evolution. The species ranged from the 35g proto-mammal Megazostrodon to the 88kg Ophiacodon, and included iconic animals like the sail-backed Dimetrodon and the saber-toothed predator Lycaenops. Using principles from physics and engineering, Bishop and Pierce built digital biomechanical models of how the muscles and bones attached to each other. These models allowed them to generate simulations that determined how much force the hindlimbs (back legs) could apply on the ground.

"The amount of force that a limb can apply to the ground is a critical determinant of locomotor performance in animals," said Bishop. "If you cannot produce sufficient force in a given direction when it's needed, you won't be able to run as fast, turn as quickly, or worse still, you could well fall over."

The computer simulations produced a three-dimensional "feasible force space" that captures a limb's overall functional performance. "Computing feasible force spaces implicitly accounts for all the interactions that can occur between muscles, joints and bones throughout a limb," said Pierce. "This gives us a clearer view of the bigger picture, a more holistic view of limb function and locomotion and how it evolved over hundreds of millions of years."




While the concept of a feasible force space (developed by biomedical engineers) has been around since the 1990s, this study is the first to apply it to the fossil record to understand how extinct animals once moved. The authors packaged the simulations into new "fossil-friendly" computational tools that can aid other paleontologists in exploring their own questions. These tools could also help engineers design better bio-inspired robots that can navigate complex or unstable terrain.

The study revealed several important 'signals' of locomotion, including that the overall force-generating ability in the modern species was maximal around the postures that each species used in their daily behavior. Importantly, this meant that Bishop and Pierce could be confident that the results obtained for the extinct species genuinely reflected how they stood and moved when alive.

After analyzing the extinct species, the researchers discovered that locomotor performance peaked and dipped over millions of years, rather than progressing in a simple, linear fashion from sprawling to upright. Some extinct species also appeared to be more flexible -- able to shift back and forth between more sprawled or more upright postures, like modern alligators and crocodiles do. While others showed a strong reversal towards more sprawled postures before mammals evolved. Paired with the study's other results, this indicated that the traits associated with upright posture in today's mammals evolved much later than previously thought, most likely close to the common ancestor of therians.

These findings also help reconcile several unresolved problems in the fossil record. For example, it explains the persistence of asymmetric hands, feet, and limb joints in many mammal ancestors, traits typically associated with sprawling postures among modern animals. It can also help explain why fossils of early mammal ancestors are frequently found in a squashed, spread-eagle pose -- a pose more likely to be achieved with sprawled limbs, while modern placental and marsupial fossils are typically found lying on their sides.

"It is very gratifying as a scientist, when one set of results can help illuminate other observations, moving us closer to a more comprehensive understanding," Bishop said.

Pierce, whose lab has studied the evolution of the mammalian body plan for nearly a decade, notes that these findings are consistent with patterns seen in other parts of the synapsid body, like the vertebral column. "The picture is emerging that the full complement of quintessentially therian traits was assembled over a complex and prolonged period, with the full suite attained relatively late in synapsid history," she said.

Beyond mammals, the study suggests that some major evolutionary transitions, like the shift to an upright posture, were often complex and potentially influenced by chance events. For instance, the strong reversal in synapsid posture, back toward more sprawled poses, appears to coincide with the Permian-Triassic mass extinction -- when 90% of life was wiped out. This extinction event led to other groups like the dinosaurs becoming the dominant animal groups on land, pushing synapsids back into the shadows. The researchers speculate that due to this "ecological marginalization," the evolutionary trajectory of synapsids may have changed so much that it altered the way they moved.

Whether this hypothesis turns out to be supported or not, understanding the evolution of mammal posture has long been a complex puzzle. Pierce emphasized how advances in computing power and digital modeling have provided scientists new perspectives to address these ancient mysteries. "Using these new techniques with ancient fossils allows us to have a better perspective of how these animals evolved, and that it wasn't just this simple, linear evolutionary story," she said. "It was really complicated and these animals were probably living and moving in their environments in ways that we hadn't appreciated before. There was a lot happening and mammals today are really quite special."
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Researchers complete the largest compilation of cancer prevalence across vertebrates | ScienceDaily
For all its pervasiveness and the efforts to study it, cancer is still somewhat of a mystery. Why do some animals get it at a higher rate than others? This is the question at the heart of Peto's paradox, the observation that large animals, by virtue of their number of cells, are statistically more likely than smaller animals to develop and accumulate genetic mutations that lead to cancer, yet they don't. In fact, some large animals, including whales and elephants, get much less cancer than expected for an animal of its body size and number of cells.


						
UC Santa Barbara anthropologist Amy Boddy and her collaborators are working to gain insight on this and other cancer mysteries. In the culmination of a decade-long effort, they have completed a compilation of cancer prevalence across 292 species of vertebrates, including amphibians, reptiles, birds and mammals.

This broad look at cancer prevalence -- the largest study of its kind -- could allow researchers opportunities to investigate the strategies of species with exceptional cancer resistance. Among the least likely to develop tumors that could lead to cancer? The common porpoise and the black-footed penguin. Among the most likely? Ferrets and opossums. But these are among the outliers, the most extreme cases.

"One thing that became really clear once we started gathering the data is that everything gets cancer," said Boddy, a biologist, evolutionary theorist and co-author of the new paper, published in the journal Cancer Discovery. "It's just something about being a multicellular organism. No one's completely protected."

Indeed, according to the paper, cancer "is a problem of multicellularity." The emergence of multicellular life opened the doors to complexity, with different cell types coexisting and communicating with each other. But with this complexity comes some vulnerability in the form of genetic mutations that cumulatively can lead to the uncontrolled tissue growth that is the hallmark of cancer.

Having such a broad dataset allowed the researchers to control for various factors across species. In one case, they encountered a slight limitation to Peto's paradox: When controlling for gestation length, adult weight did correlate with cancer prevalence, an association that was not observable in previous, smaller studies of cancer prevalence. Boddy is careful to point out that the effect is "very small," however, and not enough to disprove the paradox.

Meanwhile, in favor of Peto's paradox, animals with longer gestation times,which is associated with bigger bodies, tend to get fewer cancers. The researchers hypothesize that vertebrates that have longer gestation times are also investing more resources toward avoiding mutations.




"Bigger, long-lived species invest more in somatic maintenance," Boddy said. "I'd expect them to be better at defending against cancer, because they have to, in order to grow big and live long. It's not really a paradox from an evolutionary point of view."

How the cancer-avoiders manage to evade the disease most likely comes down to the strategies individual species have developed over the course of their evolutionary history.

"Cancer is quite evolutionarily old, and is a constant selective pressure," Boddy said. Animals and cancer have been evolving against each other for a long time. As animals developed into distinct species, Boddy explained, they've had to undergo different genetic trade-offs and employ different strategies. One well known strategy is that of elephants, who have 20 copies of P53,a tumor suppressor gene. Other strategies may involve lower somatic mutation rates, so these mutations are slower to accumulate and develop into cancer.

"That's also why I think we don't find a general pattern across vertebrates, because each species has a unique story of why and how they need to defend against cancer," Boddy said.

Another benefit of this data is that it could broaden the options for cancer research, she added. Studies tend to focus on rodent models, however animals that get cancer more spontaneously, or tend to get different types, might provide better data for researchers of cancer and rare diseases.

The next step for The Boddy Lab is to examine specific types of cancer across species. "Cancer is not a single disease," she said. "It's like 300 different diseases." They'll be looking to see, for example, if other members of the primate family get the same types of cancers that humans get. They're also curious about the mechanisms that underlie the development of cancer in species that have a higher prevalence for it.
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Watershed moment: Engineers invent high-yield atmospheric water capture device for arid regions | ScienceDaily
The idea of turning the air around us into drinking water is a marvel on its own. And grabbing a sustainable amount of it from low-humidity environments has long been closer to science fiction than reality.


						
As a megadrought stresses the water supply throughout the Southwest, revolutionary research out of UNLV is answering this problem with a groundbreaking technology that pulls large amounts of water from the air in low humidities. The research was published Oct. 22 in the journal Proceedings of the National Academy of Sciences (PNAS).

UNLV mechanical engineering professor H. Jeremy Cho leads a team of researchers with a radically different approach to atmospheric water harvesting, or transforming water vapor in the air around us into a usable form. Existing atmospheric water harvesting approaches have low yields and diminishing returns at humidities below 30%.

"This paper really establishes that you can capture water at a very fast rate," said Cho. "We can start to forecast how big of a system we would need to produce a set amount of water. If I have one square meter, which is around three feet by three feet, we can generate about a gallon of water per day in Las Vegas, and up to three times more in humid environments."

This technology and approach has been tested outdoors in Las Vegas, and is effective down to 10% humidity. It directly captures water in a liquid salt solution that is suitable for subsequent processing into drinking water or energy production, enabling new capabilities for arid regions.

A key ingredient in the process is a hydrogel membrane "skin." The inspiration for this material comes from nature -- specifically tree frogs and air plants, which use a similar technique to transport water from ambient air into a liquid for internal storage.

"We took that biological idea and tried to do it in our own way," he said. "There are so many cool things happening in nature -- you just have to look around, learn, and be inspired."

Additionally, the research demonstrates that atmospheric water harvesting can be solar-powered. Thanks to the frequent sunlight experienced in places such as the Las Vegas Valley -- which averages 300 sunny days a year sunlight can provide enough energy to reduce the theoretical and eventual cost for generating water.

"Our water resources are depleting and our planet's climate is changing," said Cho. "To reach sustainability, we have to change our habits. This whole idea seemed like science fiction, but this is possible, and we're actually doing it."

The research is already being put into practical use in the form of WAVR Technologies, Inc. Cho co-founded this UNLV startup, making devices capable of capturing water vapor from the air around us for commercial and individual uses. WAVR is the premiere university business spinoff from the National Science Foundation (NSF) Regional Innovation Engines program aimed at bringing to market technologies that address regional sustainability and climate concerns.
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Saturn's moon Titan has insulating methane-rich crust up to six miles thick | ScienceDaily
Saturn's largest moon Titan is the only place other than Earth known to have an atmosphere and liquids in the form of rivers, lakes and seas on its surface. Because of its extremely cold temperature, the liquids on Titan are made of hydrocarbons like methane and ethane, and the surface is made of solid water ice. A new study, led by planetary scientists at the University of Hawai'i at Manoa, revealed that methane gas may also be trapped within the ice, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.


						
The research team, led by research associate Lauren Schurmeier, that also includes Gwendolyn Brouwer, doctoral candidate, and Sarah Fagents, associate director and researcher, in the Hawai'i Institute of Geophysics and Planetology (HIGP) in the UH Manoa School of Ocean and Earth Science and Technology (SOEST), observed in NASA data that Titan's impact craters are hundreds of meters shallower than expected and only 90 craters have been identified on this moon.

"This was very surprising because, based on other moons, we expect to see many more impact craters on the surface and craters that are much deeper than what we observe on Titan," said Schurmeier. "We realized something unique to Titan must be making them become shallower and disappear relatively quickly."

To investigate what might be beneath this mystery, the researchers tested in a computer model how the topography of Titan might relax or rebound after an impact if the ice shell was covered with a layer of insulating methane clathrate ice, a kind of solid water ice with methane gas trapped within the crystal structure. Since the initial shape of Titan's craters is unknown, the researchers modeled and compared two plausible initial depths, based on fresh-looking craters of similar size on a similar-size icy moon, Ganymede.

"Using this modeling approach, we were able to constrain the methane clathrate crust thickness to five to ten kilometers [about three to six miles] because simulations using that thickness produced crater depths that best matched the observed craters," said Schurmeier. "The methane clathrate crust warms Titan's interior and causes surprisingly rapid topographic relaxation, which results in crater shallowing at a rate that is close to that of fast-moving warm glaciers on Earth."

Methane-rich atmosphere 

Estimating the thickness of the methane ice shell is important because it may explain the origin of Titan's methane-rich atmosphere and helps researchers understand Titan's carbon cycle, liquid methane-based "hydrological cycle," and changing climate.




"Titan is a natural laboratory to study how the greenhouse gas methane warms and cycles through the atmosphere," said Schurmeier. "Earth's methane clathrate hydrates, found in the permafrost of Siberia and below the arctic seafloor, are currently destabilizing and releasing methane. So, lessons from Titan can provide important insights into processes happening on Earth."

Structure of Titan

The topography seen on Titan makes sense in light of these new findings. And constraining the thickness of the methane clathrate ice crust indicates that Titan's interior is likely warm -- not cold, rigid, and inactive as previously thought.

"Methane clathrate is stronger and more insulating than regular water ice," said Schurmeier. "A clathrate crust insulates Titan's interior, makes the water ice shell very warm and ductile, and implies that Titan's ice shell is or was slowly convecting."

"If life exists in Titan's ocean under the thick ice shell, any signs of life (biomarkers) would need to be transported up Titan's ice shell to where we could more easily access or view them with future missions," Schurmeier added. "This is more likely to occur if Titan's ice shell is warm and convecting."

With the NASA Dragonfly mission to Titan scheduled to launch in July 2028 and arrive in 2034, researchers will have an opportunity to make up-close observations of this moon and further investigate the icy surface, including a crater named Selk.
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'Well-man' thrown from castle identified from 800-year-old Norse saga | ScienceDaily

"This is the first time that a person described in these historical texts has actually been found," says Professor Michael D. Martin of the Norwegian University of Science and Technology's University Museum in Trondheim, Norway. "There are a lot of these medieval and ancient remains all around Europe, and they're increasingly being studied using genomic methods."

In 1938, bones were found in the well at Sverresborg Castle, but researchers at the time lacked the tools to do much aside from visual analysis. Now, radiocarbon dating and advanced gene-sequencing technology have allowed researchers to craft a more intricate picture of who the Well-man was. Radiocarbon dating confirmed that the body is approximately 900 years old, and studies conducted in 2014 and 2016 confirmed that the body belonged to a male who was between 30 and 40 years old at the time of death.

"The text is not absolutely correct -- what we have seen is that the reality is much more complex than the text," says archaeologist Anna Petersen of the Norwegian Institute of Cultural Heritage Research in Oslo, Norway.

"We can corroborate what actually happened in a more neutral way," says Dr. Martin Rene Ellegaard of the Norwegian University of Science and Technology. As part of his work toward a doctoral degree, Ellegaard used samples of a tooth obtained from the Well-man's skeleton to sequence his genome. Using this information, the team was able to ascertain that he most likely had blue eyes and blond or light-brown hair, and his ancestors likely hailed from the southernmost Norwegian county of present-day Vest-Agder.

The researchers were able to draw conclusions about the Well-man's ancestry thanks to a large amount of reference data from the genomes of modern-day Norwegians made available through a collaboration with Professor Agnar Helgason at deCODE Genetics in Iceland. "Most of the work that we do is reliant on having reference data," says Ellegaard. "So the more ancient genomes that we sequence and the more modern individuals that we sequence, the better the analysis will be in the future."

"Those reference data are literally thousands of genomes of modern Norwegians and many thousands of other European genomes," says Martin.




However, this technology has its limitations, as sampling the Well-man's genome required removing the outer surface from his tooth -- to avoid contamination from those who had handled it in non-sterile environments, such as during excavation -- and grinding the tooth into a powder. This means that the sample can no longer be used for further tests, and researchers were not able to get data on any pathogens the Well-man may have been carrying at his time of death.

"It was a compromise between removing surface contamination of the people who have touched the tooth and then removing some of the possible pathogens ... there are lots of ethical considerations," says Ellegaard. "We need to consider what kind of tests we're doing now because it will limit what we can do in the future."

The researchers say that they would like to test samples from other historical figures. "The important Norwegian Saint Olaf is thought to be buried somewhere in Trondheim Cathedral," says Martin, "so I think that if eventually his remains are uncovered, there could be some effort to describe him physically and trace his ancestry using genetic sequencing."

Speaking to this new technique of blending of history and science, Petersen concludes, "It's a fantastic result on what Ellegaard and Martin's method can bring to archaeology in such a strange or rare context like this is."
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Millions in the U.S. may rely on groundwater contaminated with PFAS for drinking water supplies | ScienceDaily
Approximately 71 to 95 million people in the Lower 48 states -- more than 20% of the country's population -- may rely on groundwater that contains detectable concentrations of per- and polyfluoroalkyl substances, also known as PFAS, for their drinking water supplies. These findings are according to a U.S Geological Survey study published Oct. 24.


						
The predictive model results can help members of the public, water suppliers and regulators understand the potential for PFAS contamination, guide future studies and inform strategic planning for water resources.

USGS scientists are the first to report national estimates of PFAS occurrence in untreated groundwater that supplies water to public and private wells. This research also provides the first estimate of the number of people across the country who are potentially affected by PFAS-contaminated groundwater.

Along with a scientific report, the USGS published an interactive, online map so users can see probability estimates of PFAS occurrence. Note that predictive results are intended to be evaluated at state, regional and national scales rather than at individual household levels. Probability estimates are for the presence of PFAS in groundwater and do not account for any subsequent actions taken by states, municipalities or individuals to treat drinking water. The model does not include estimates of PFAS concentrations; testing is the only way to confirm the presence of contaminants.

Exposure to certain PFAS may lead to adverse health risks in people, according to the U.S. Environmental Protection Agency. PFAS are a group of synthetic chemicals used in a wide variety of common applications, from the linings of fast-food boxes and non-stick cookware to fire-fighting foams and other purposes. PFAS are commonly called "forever chemicals" because many of them do not easily break down and can build up over time, making them a concern for drinking water quality.

"This study's findings indicate widespread PFAS contamination in groundwater that is used for public and private drinking water supplies in the U.S.," said Andrea Tokranov, USGS research hydrologist and lead author of this study. "This new predictive model can help prioritize areas for future sampling to help ensure people aren't unknowingly drinking contaminated water. This is especially important for private well users, who may not have information on water quality in their region and may not have the same access to testing and treatment that public water suppliers do."

The EPA has established legally enforceable levels, called maximum contaminant levels, for six types of PFAS in drinking water. The EPA regulates public water supplies, and some states have additional regulations for drinking water. Some homes use private water supplies, where residents are responsible for the maintenance, testing and treatment of their drinking water. Those interested in treatment processes and testing options can read EPA's guidance or contact their state officials or water supplier.




The states with the largest populations relying on public water supplies with potentially contaminated groundwater sources are Florida and California. Regarding private wells, Michigan, Florida, North Carolina, Pennsylvania, New York and Ohio have the largest populations relying on potentially contaminated groundwater.

The study also presents data according to population percentage. In Massachusetts, for example, the source water for 86 to 98% of people who rely on groundwater from public water supplies could be contaminated with PFAS. In Connecticut, the source water for 67 to 87% of the people who rely on groundwater from private wells could be affected. Details by state can be seen in the report's tables S6 through S8.

"To derive these estimates, the team analyzed 1,238 groundwater samples collected by USGS scientists and determined how factors such as urban development and well depth can impact PFAS occurrence," continued Tokranov. "With that information, a detailed machine learning model was developed and used to identify which geographic areas have a higher likelihood for contamination. That information was combined with existing USGS research on the number of people in a given area who rely on groundwater for drinking water to establish population estimates."

Scientists present separate estimates for public and private wells because they typically receive water from different groundwater depths. Public wells using groundwater as the primary water source are usually deeper than private wells.

There are more than 12,000 types of PFAS, not all of which can be detected with current tests; the USGS study tested for the presence of 24 common types. The USGS estimates consider the presence of at least one of those 24 types of PFAS. The most frequently detected compounds were perfluorobutane sulfonate known as PFBS, perfluorooctane sulfonate known as PFOS and perfluorooctanoate known as PFOA.

This research provides a broad outlook for the Lower 48 states and presents state-level estimates. Scientists did not look in detail at specific cities or provide estimates for the types of PFAS present or PFAS concentrations.
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Human actions likely cause insect color change | ScienceDaily
New Zealand's native stoneflies have changed colour in response to human-driven environmental changes, new research shows.


						
Just published in the journal Science, the University of Otago study provides arguably the world's most clear-cut case of animal evolution in response to change made by humans.

Co-author Professor Jon Waters, of the Department of Zoology, says the stonefly has become a different colour due to recent deforestation.

"In natural forested regions, a native species has evolved 'warning' colours that mimic those of a poisonous forest species, to trick predators into thinking they are poisonous too.

"But the removal of forests since humans arrived has removed the poisonous species. As a result, in deforested regions the mimicking species has abandoned this strategy -- as there is nothing to mimic -- instead evolving into a different colour."

Scientists have long wondered whether humans are causing evolutionary changes in natural populations.

The most well-known example of evolution caused by humans was the peppered moth population in the United Kingdom, which changed colour in response to industrial pollution in the 1800s.




But Professor Waters says even that case has been considered controversial.

This new study shows how humans have changed the way native species interact.

Co-author Dr Graham McCulloch says humans have disrupted ecological interactions between species that evolved over millions of years, but some of our native species are resilient enough to overcome this.

"This study is important because it shows that, at least for some of our native species, there is the possibility of adapting to the environmental changes caused by humans, even when the change is rapid," Dr McCulloch says.

"It also shows that independent populations have undergone similar changes in response to deforestation -- there have been similar shifts independently in different parts of the species' range -- showing that evolution can be a predictable process."
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Beneficial gut microbe has surprising metabolic capabilities | ScienceDaily
To address childhood malnutrition -- which affects 200 million children globally -- researchers at Washington University School of Medicine in St. Louis developed a therapeutic food that nourishes the collections of beneficial microbes that reside in the gut, and improves children's growth and other measures of their health. But to understand just how this food therapy works, the research team led by physician-scientist Jeffrey I. Gordon, MD, zeroed in on how the children's gut microbiomes respond to the therapy.


						
In their latest study, the researchers discovered potentially far-reaching effects of a particular gut bacterium that was linked to better growth in Bangladeshi children receiving a therapeutic food designed to nurture healthy gut microbes. This microbiota-directed therapeutic food is called MDCF-2. A strain of the bacterium harbored in the children's gut microbial communities possessed a previously unknown gene capable of producing and metabolizing key molecules involved in regulating many important functions ranging from appetite, immune responses, neuronal function, and the ability of pathogenic bacteria to produce disease.

The results are published Oct. 25 in the journal Science.

"As we apply new therapies to treat childhood malnutrition by repairing their gut microbiomes, we have an opportunity to study the inner workings of our microbial partners," said Gordon, the Dr. Robert J. Glaser Distinguished University Professor and director of the Edison Family Center for Genome Sciences & Systems Biology at WashU Medicine. "We are discovering how the gut microbes affect different aspects of our physiology. This study shows that gut microbes are master biochemists that possess metabolic capabilities that we have been unaware of."

A better understanding of the effects our gut microbes have on our bodies could lead to new strategies to maintain human health and help guide the development of therapeutics for a wide variety of diseases beyond malnutrition, according to the researchers.

In two randomized controlled clinical trials of the therapeutic food in malnourished Bangladeshi children, the researchers identified a collection of microbes whose abundances and expressed functions correlated with the improved growth of study participants. One of these beneficial organisms is a bacterium called Faecalibacterium prausnitzii.

The paper's co-first authors -- Jiye Cheng, PhD, an assistant professor of pathology & immunology, and Sid Venkatesh, PhD, a former postdoctoral researcher in Gordon's lab who is now with the University of Washington -- studied mice born under sterile conditions and then colonized with defined communities of microbes cultured from the Bangladeshi children's microbiomes. They discovered that levels of two molecules called oleoylethanolamide (OEA) and palmitoylethanolamide (PEA) were much lower in the guts of animals that had been colonized with microbial communities containing a specific strain of F. prausnitzii, compared with animals lacking this strain. This was notable given that OEA and PEA are naturally occurring lipid signaling molecules known to play important roles in regulating inflammation, metabolism and appetite.




Gordon's team employed a series of bioinformatics and biochemical tools to identify the enzyme -- fatty acid amide hydrolase (FAAH) -- that is produced by the bacterial strain and responsible for degrading OEA and PEA. The human version of FAAH is widely known for its ability to break down specific types of neurotransmitters called endocannabinoids, and in so doing, regulate aspects of human physiology throughout the body. In fact, the human version of this enzyme is the target of a number of investigational drugs, because it plays roles in chronic pain, anxiety and mood, among other neurological states.

Cheng and Venkatesh noted that the discovery of the F. prausnitzii FAAH enzyme represents the first example of a microbial enzyme of this type and revealed a role for microbes in regulating levels of important molecules called N-acylethanolamides, including OEA and PEA, in the gut.

Analysis of malnourished children's fecal samples collected in the clinical trial of the therapeutic food revealed that the food treatment led to decreased levels of OEA while increasing the abundance of F. prausnitzii and expression of its enzyme. These results indicate that this gut bacterial enzyme could reduce intestinal OEA -- an appetite-suppressing compound -- which is desirable in children with malnutrition.

In addition to providing new insights into the beneficial effects of the therapeutic food, the paper describes how the bacterial enzyme has a dramatically wider range of capabilities than human FAAH does. These include a unique ability to synthesize lipid-modified amino acids, including a number of novel molecules that the team showed to function as modulators of human receptors involved in sensing the external environment of cells, as well as to serve as regulators of immune responses in the gut.

In addition to synthesizing important regulators of cell function, the bacterial enzyme can control levels of other lipid-containing signaling molecules including neurotransmitters involved in communications between neurons, and so-called quorum-sensing molecules that are used by pathogenic bacteria to coordinate infection and disrupt host immune responses.

"The structures of the human and bacterial FAAH enzyme are very distinct; the investigational drugs that inhibit the human enzyme were found to not affect the bacterial enzyme," Gordon said. "This opens the door to developing new therapeutics to selectively manipulate the activity and products produced by the bacterial enzyme. This is an example of how microbes have evolved functions that aren't encoded in our own human genomes but are still important for the normal functions of our human bodies. We now know that we have two different versions of this enzyme in two different locations -- our human cells and our gut microbiome."

Gordon and his colleague, Michael Barratt, PhD, a professor of pathology & immunology and a co-author of the paper, highlighted that the identification of this gut bacterial enzyme offers new opportunities to investigate the beneficial effects of the therapeutic food treatment. Barratt also noted that beyond processing components of the normal diet, enzymes like this in the gut could help explain differences in responses seen between individuals to certain orally administered drugs.

"It's astonishing how much the microbial version of this enzyme can do," Gordon said. "In our future studies, we're interested in investigating whether cousins of this enzyme that might be encoded in the genomes of other bacteria could complement FAAH or perform entirely different activities. These organisms are master chemists, and we're just beginning to explore what they can do."

Cheng, Venkatesh, Barratt and Gordon are inventors on a patient application submitted by Washington University in St. Louis that covers therapeutic applications of F. prausnitzii FAAH.
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Wildfires are becoming faster and more dangerous in Western U.S. | ScienceDaily
Fast-growing fires were responsible for nearly 90 percent of fire-related damages despite being relatively rare in the United States between 2001-2020, according to a new study led by the University of Colorado Boulder. "Fast fires," which thrust embers into the air ahead of rapidly advancing flames, can ignite homes before emergency responders are able to intervene. The work, published today in Science, shows these fires are getting faster in the Western U.S., increasing the risk for millions of people.


						
The research highlights a critical gap in hazard preparedness across the U.S. -- National-level fire risk assessments do not account for fire speed or provide insight into how people and communities can better prepare for rapid fire growth events.

"We hear a lot about megafires because of their size, but if we want to protect our homes and communities, we really need to appreciate and prepare for how fast fires move," said Jennifer Balch, CIRES fellow, associate professor of Geography, and the lead author of the study. "Speed matters more for keeping people safe."

Balch and her colleagues were inspired to look closer at fire speed after the Marshall Fire, which destroyed more than 1,000 homes in Boulder County, Colorado, in December 2021. The fire burned less than 6,100 acres (24.7 square kilometers) but grew quickly due to a combination of dry conditions and high winds. Less than an hour after the fire was reported, it had spread to a town 3 miles (4.8 kilometers) away, eventually prompting the evacuation of tens of thousands of people. In the aftermath, Balch's team was eager to understand how fire growth rates impact fire risk across the country.

The researchers used satellite data to analyze the growth rates of over 60,000 fires in the contiguous U.S. from 2001-2020. Using a cutting-edge algorithm, which involves applying a set of calculations to each satellite pixel, they identified and recorded the perimeter of each fire for each day it was active.

"Until now, we had scattered information about fire speed," said Virginia Iglesias, interim director of Earth Lab and co-author of the study. "We harnessed Earth observations and remote sensing data to learn about fire growth across the nation in a systematic manner."

The team used the fire perimeter maps to calculate the growth rate of each fire as it progressed. They then zoomed in on the fastest fires, which grew more than 4,003 acres (16.2 square kilometers) in a single day, and probed how the highest growth rates changed over time. The analysis revealed a staggering 250 percent increase in the average maximum growth rate of the fastest fires over the last two decades in the Western U.S.




"Fires have gotten faster in the western U.S. in just a couple of decades," Balch said. "We need to focus on what we can do to prepare communities: hardening homes and making robust evacuation plans."

To evaluate the impacts of fast fires on people and infrastructure, the researchers compared the growth rates of the fastest fires to information recorded in incident reports about the number of structures damaged or destroyed per fire event. They found that fast fires accounted for 88 percent of the homes destroyed between 2001 and 2020 despite only representing 2.7 percent of fires in the record. Fires that damaged or destroyed more than 100 structures exhibited peak fire growth rates of more than 21,000 acres (85 square kilometers) in a single day.

"These results change how we think about wildfire risk because they position growth rate as a key determinant of a fire's destructive potential," Iglesias said.

The work also highlights a critical risk assessment gap. At the national level, wildfire risk models include parameters for area burned, intensity, severity, and probability of occurrence, but they do not incorporate growth rate or other measures of fire speed. Government agencies and insurance companies that use these models are therefore missing vital information about how fires spread, which homeowners could use to better protect themselves and their communities. The authors believe this needs to change.

"When it comes to safeguarding infrastructure and orchestrating efficient evacuations, the speed of a fire's growth is arguably more critical than its sheer size," Iglesias said.
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Gut bacteria transfer genes to disable weapons of their competitors | ScienceDaily
Bacteria evolve rapidly in the human gut by sharing genetic elements with each other. Bacteriodales is a prolific order of gut bacteria that trade hundreds of genetic elements. Little is known, however, about the effects of these DNA transfers, either to the fitness of the bacteria or the host.


						
New research from the University of Chicago shows that a large, ubiquitous mobile genetic element changes the antagonistic weaponry of Bacteroides fragilis, a common bacterium of the human gut. Acquisition of this element shuts down a potent weapon of B. fragilis, yet arms it with a new weapon to which the strain that donated the DNA is protected. These weapons help the bacteria carve out niches in the tightly packed recesses of the gut.

Laurie Comstock, PhD, Professor of Microbiology and member of the Duchossois Family Institute at UChicago, and senior author of the new study, has been studying different antagonistic mechanisms of Bacteroidales and the way they transfer DNA for more than 10 years. "These organisms evolve rapidly by DNA transfers. It's quite amazing," she said. "We knew that some strains of B. fragilis couldn't fire their weapons, but when we saw it was due to the acquisition of a large mobile genetic element, that's when we knew we found something interesting."

The study, "A ubiquitous mobile genetic element changes the antagonistic weaponry of a human gut symbiont," was published October 24 in Science.

A spring-loaded, poison-tipped spear

Many Bacteroidales species can kill neighboring bacteria by producing toxins. Some of these toxins simply diffuse from the bacterial cell into the surrounding environment, killing nearby sensitive strains. Another weapon is the type VI secretion system (T6SS), which is a nanomachine containing a pointed, spring-loaded tube loaded with toxins. When it fires, it injects toxins directly into neighboring cells like a poison-tipped spear.

The Bacteroidales T6SS comes in three different types, or genetic architectures. One, genetic architecture 3 (GA3), is exclusive to B. fragilis and is very effective at killing other Bacteroidales species. The other two types, GA1 and GA2, are encoded by genes contained on large mobile genetic elements called integrative and conjugative elements (ICEs). These GA1 and GA2 ICEs are rapidly transferring between Bacteroidales species in the human gut throughout the world. However, scientists have yet to observe the same, lethal potency in GA1 and GA2 T6SSs as they have for the GA3 T6SS.




"The ICE containing the GA1 T6SS ICE is racing through human populations, and rapidly transferring to numerous Bacteroidales species in a person's gut," Comstock said.

Comstock's team started studying natural B. fragilis isolates that had a GA3 T6SS or had both a GA3 and GA1 ICE. Those with both ICEs no longer fired the GA3 weapon and could no longer kill other Bacteriodales species. To show this was due to the addition of the GA1 ICE to these strains, they transferred the GA1 ICE into B. fragilis strains with only the GA3 T6SS and showed that the resulting new strains, or "transconjugants," were similarly unable to antagonize other strains with their GA3 T6SS.

The researchers then deleted portions of the GA1 ICE to see which region of the 116 kilobase ICE was shutting off the GA3 weapon. They found that a portion of the GA1 T6SS region encoding the membrane complex of the GA1 nanomachine prevented GA3 T6SS firing.

Next, the team wanted to see how the strains would compete in the mammalian gut. They orally inoculated gnotobiotic (germ-free) mice with equal numbers of isogenic, wild-type B. fragilis (GA3 T6SS only) and the GA3/GA1 ICE transconjugant. The transconjugant quickly outcompeted the wild-type strain in the mice. The investigators went on to show that that this competition was due to antagonism using the GA1 T6SS, the first demonstration of potent antagonism by the GA1 T6SS.

"We didn't know if the GA1 containing strain was going to be antagonistic, so we thought the progenitor GA3 strain would win that battle in the gut," Comstock said. "But that was not what happened."

Switching sides and going on defense

The most unexpected finding from this experiment was that in the mouse gut, the GA3 T6SS was not being made at all. They later showed that a gene carried on the GA1 ICE encodes a transcriptional repressor that shuts down transcription of the entire GA3 T6SS, allowing even better production of the GA1 T6SS.




The overall effect of the transfer of this DNA element has consequences for the gut microbial community. The Bacteroidales strains containing the GA1 ICE are killed by the B. fragilis GA3 T6SS, but if one of these strains can transfer their GA1 ICE into the attacking B. fragilis strain, they create a strain that outcompetes the progenitor B. fragilis strain. This new strain no longer targets the donor strain and can also use the GA1 T6SS to communally defend the ecosystem from invasion by other Bacteroidales strains.

Comstock plans to continue studying this diverse family of transcriptional repressors that are frequently carried on mobile genetic elements of the Bacteroidales and their effects in recipient strains.

"This family of transcriptional repressors can be inactivated when they bind specific ligands. We would love to identify the ligands in the gut that derepress their activity," she said.

The study also showed that in the mouse gut, the GA1 ICE transfer occurred rapidly, helping the transconjugant become a large component of the of the population. This suggests that researchers creating synthetic consortia of bacteria for therapeutics need to account for the effects of genetic transfer.

"As bacteria are being selected for inclusion in consortia as biotherapeutics, it is important to safeguard against introducing anything that could be transferred into or out of these strains that might have deleterious effects," Comstock said.
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A new hydrogel semiconductor represents a breakthrough for tissue-interfaced bioelectronics | ScienceDaily
The ideal material for interfacing electronics with living tissue is soft, stretchable, and just as water-loving as the tissue itself -- in short, a hydrogel. Semiconductors, the key materials for bioelectronics such as pacemakers, biosensors, and drug delivery devices, on the other hand, are rigid, brittle, and water-hating, impossible to dissolve in the way hydrogels have traditionally been built.


						
A paper published today in Science from the UChicago Pritzker School of Molecular Engineering (PME) has solved this challenge that has long stymied researchers, reimagining the process of creating hydrogels to build a powerful semiconductor in hydrogel form. Led by Asst. Prof. Sihong Wang's research group, the result is a bluish gel that flutters like a sea jelly in water but retains the immense semiconductive ability needed to transmit information between living tissue and machine.

The material demonstrated tissue-level moduli as soft as 81 kPa, stretchability of 150% strain, and charge-carrier mobility up to 1.4 cm2 V-1 s-1. This means their material -- both semiconductor and hydrogel at the same time -- ticks all the boxes for an ideal bioelectronic interface.

"When making implantable bioelectronic devices, one challenge you must address is to make a device with tissue-like mechanical properties," said Yahao Dai, the first author of the new paper. "That way, when it gets directly interfaced with the tissue, they can deform together and also form a very intimate bio-interface."

Although the paper mainly focused on the challenges facing implanted medical devices such as biochemical sensors and pacemakers, Dai said the material also has many potential non-surgical applications, like better readings off the skin or improved care for wounds.

"It has very soft mechanical properties and a large degree of hydration similar to living tissue," said UChicago PME Asst. Prof. Sihong Wang. "Hydrogel is also very porous, so it allows the efficient diffusion transport of different kinds of nutrition and chemicals. All these traits combine to make hydrogel probably the most useful material for tissue engineering and drug delivery."

'Let's change our perspective'

The typical way of making a hydrogel is to take a material, dissolve it in water, and add the gelation chemicals to puff the new liquid into a gel form. Some materials simply dissolve in water, others require researchers to tinker and chemically modify the process, but the core mechanism is the same: No water, no hydrogel.




Semiconductors, however, don't normally dissolve in water. Rather than find new, time-consuming means of trying to force the process, the UChicago PME team re-examined the question.

"We started to think, 'Okay, let's change our perspective,' and we came up with a solvent exchange process," Dai said.

Instead of dissolving the semiconductors in water, they dissolved them in an organic solvent that is miscible with water. They then prepared a gel from the dissolved semiconductors and hydrogel precursors. Their gel initially was an organogel, not a hydrogel.

"To eventually turn it into a hydrogel, we then immersed the whole material system into the water to let the organic solvent dissolve out and let the water come in," Dai said.

An important benefit of such a solvent-exchange-based method is its broad applicability to different types of polymer semiconductors with different functions.

'One plus one is greater than two'

The hydrogel semiconductor, which the team has patented and is commercializing through UChicago's Polsky Center for Entrepreneurship and Innovation, is not merging a semiconductor with a hydrogel. It's one material that is both semiconductor and hydrogel at the same time.




"It's just one piece that has both semiconducting properties and hydrogel design, meaning that this whole piece is just like any other hydrogel," Wang said.

Unlike any other hydrogel, however, the new material actually improved biological functions in two areas, creating better results than either hydrogel or semiconductor could accomplish on their own.

First, having a very soft material bond directly with tissue reduces the immune responses and inflammation typically triggered when a medical device is implanted.

Second, because hydrogels are so porous, the new material enables elevated biosensing response and stronger photo-modulation effects. With biomolecules being able to diffuse into the film to have volumetric interactions, the interaction sites for biomarkers-under-detection are significantly increased, which gives rise to higher sensitivity. Besides sensing, the responses to light for therapeutic functions at tissue surfaces also get increased from the more efficient transport of redox-active species. This benefits functions such as light-operated pacemakers or wound dressing that can be more efficiently heated with a flick of light to help speed healing.

"It's a 'one plus one is greater than two' kind of combination," Wang joked.
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        COVID-19 pandemic worsened patient safety measures, study finds
        A new study has found that the COVID-19 pandemic significantly impacted patient safety indicators in U.S. hospitals. The study examined data from the National Database of Nursing Quality Indicators to assess trends in nursing-sensitive quality indicators from 2019 to 2022. The prevention of these very distressing, uncomfortable conditions is considered to be under the nurse's purview and directly influenced by nursing care.

      

      
        Nanoplastics can reduce the effectiveness of antibiotics
        An international research team has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria.

      

      
        New study shows combination therapy slows cognitive decline in at-risk populations
        An important new study has demonstrated that a combination therapy can slow cognitive decline in older adults at risk for dementia.

      

      
        Researchers identify 'sweet spot' for safe surgery after heart attack
        New research suggests older adults wait 3-6 months after a heart attack before elective noncardiac surgery to reduce the risk of serious complications like stroke or another heart attack.

      

      
        The roots of fear: Understanding the amygdala
        Treating anxiety, depression and other disorders may depend on the amygdala, a part of the brain that controls strong emotional reactions, especially fear. But a deep understanding of this structure has been lacking. Now scientists have identified new clusters of cells with differing patterns of gene expression in the amygdala of humans and non-human primates. The work could lead to more targeted treatments for disorders such as anxiety that affect tens of millions of people.

      

      
        Complexity of tumors revealed in 3D
        A new analysis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs. The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

      

      
        Healthy brains suppress inappropriate immune responses
        Researchers have found a process by which the brain guards against attack by the immune system. In mice with multiple sclerosis, such 'guardian' proteins that train the immune system were drastically depleted, and replenishing them improved symptoms, according to a new study.

      

      
        'Black box' of stem cell transplants opened in blood study
        New research into the long-term dynamics of transplanted stem cells in a patient's body explains how age affects stem cell survival and immune diversity, offering insights that could make transplants safer and more successful.

      

      
        Discovery illuminates how sleeping sickness parasite outsmarts immune response
        A new study sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed that Trypanosoma brucei essentially plays a game of hide-and-seek by setting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.

      

      
        Similarities in brain development between marmosets and humans
        In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.

      

      
        Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars
        Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.

      

      
        Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that  impact lifespan in both species
        Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach leapfrogs over that standard methodology and identifies a metabolite that may hold promise as a target for aging.

      

      
        Smell loss linked to 100-plus diseases
        Researchers reveal a link between olfactory loss and inflammation in 139 medical conditions. The researchers say loss of smell is an early sign of numerous neurological and bodily diseases.

      

      
        Implantable microparticles can deliver two cancer therapies at once
        Researchers designed tiny particles that can be implanted at a cancer tumor site, where they deliver two types of therapy: heat and chemotherapy.

      

      
        Researchers develop approach to accurately predict pneumonia outcomes
        Doctors struggle to accurately predict pneumonia patients' prognoses and determine the most effective treatments. Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers uncovered five distinct clinical states in pneumonia.

      

      
        Researchers aim to get leg up on bone repair with 3D-printed femur
        Mechanical engineers designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors. The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

      

      
        Transforming patient care: Study finds bedside interdisciplinary rounds boost satisfaction for patients and providers
        A study reveals patients and providers have more positive overall care experiences when the entire healthcare team is a part of bedside interdisciplinary rounds (BIDR).

      

      
        Ultrasound can be used as search and rescue tool for the brain
        Scientists highlighted the potential for ultrasound to treat some of the more complex health conditions affecting the human brain.

      

      
        Computational tool developed to predict immunotherapy outcomes for patients with metastatic breast cancer
        Using computational tools, researchers have developed a method to assess which patients with metastatic triple-negative breast cancer could benefit from immunotherapy.

      

      
        The couples who cope together, stay together
        A new study has lifted the lid on how couples living with rheumatoid arthritis cope with the debilitating disease finding that those who cope with problems together had less psychological distress and better relationships.

      

      
        Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity
        A research team has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.

      

      
        New imaging analysis technique revolutionizes diagnostics of head and neck cancers
        A study developed a new technique to accurately analyse the properties of cancer cells and the surrounding tissue at the level of individual cells. This innovation enables a more comprehensive assessment of prognoses and treatment responses in the head and neck cancers, and paves the way for more accurate diagnostics.

      

      
        Subtle eye movements optimize vision
        Our ability to see starts with the light-sensitive photoreceptor cells in our eyes. A specific region of the retina, termed fovea, is responsible for sharp vision. Here, the color-sensitive cone photoreceptors allow us to detect even the smallest details. The density of these cells varies from person to person. Additionally, when we fixate on an object, our eyes make subtle, continuous movements, which also differ between individuals. Researchers have now investigated how sharp vision is linked t...

      

      
        More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming
        A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would likely not have occurred without anthropogenic warming.

      

      
        Scientist on personal mission to improve global water safety makes groundbreaking discovery
        A study shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.

      

      
        Strategy to reduce the amount of propofol waste in the operating room
        Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers have now shown that an alternative method reduces the amount of waste.

      

      
        Using AI to measure prostate cancer lesions could aid diagnosis and treatment
        Prostate cancer is the second most common cancer in men, and almost 300,000 individuals are diagnosed with it each year in the U.S. To develop a consistent method of estimating prostate cancer size, which can help clinicians more accurately make informed treatment decisions, researchers trained and validated an AI model based on MRI scans from more than 700 prostate cancer patients. The model was able to identify and demarcate the edges of 85% of the most radiologically aggressive prostate lesion...

      

      
        Ancient gene influences immunity of First Nations Peoples of Oceania
        An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study.

      

      
        Scientists develop tool to predict sepsis in apparently healthy newborns
        A genetic signature in newborns can predict neonatal sepsis before symptoms even start to show, according to a new study. The study, led by University of British Columbia and Simon Fraser University researchers in collaboration with the Medical Research Council (MRC) Unit The Gambia, has the potential to help healthcare workers diagnose babies earlier, including in lower- and middle-income countries (LMICs) where neonatal sepsis is of particular concern.

      

      
        AI in healthcare: New research shows promise and limitations of physicians working with GPT-4 for decision making
        Researchers have studied how well doctors used GPT-4 -- an artificial intelligence (AI) large language model system -- for diagnosing patients.

      

      
        Age assurance online needs to be child-rights respecting, new study says
        A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online -- a new study says.

      

      
        RSV vaccines effective, but more people need to get them
        Doctors detail what we learned after the first season following the approval of RSV vaccines. The vaccine effectively prevented severe illness in older, but only 24 percent of eligible US adults received the vaccine, compared to 50 percent for flu shots. Better public awareness and improved vaccine access are needed to increase uptake.

      

      
        Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein
        Buildup of a protein called filamentous actin, or F-actin, in the brain inhibits the removal of cellular wastes, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few very specific genes in the neurons of aging fruit flies, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

      

      
        Study refines understanding of kidney transplant rejection
        Medical scientists involved in a large international study have identified new signs of kidney transplant rejection that could lead to more precise diagnosis and treatment for transplant recipients. The research examined more than 16,000 kidney transplant biopsies and found that certain results previously thought to be of questionable significance actually indicate an increased risk of transplant failure.

      

      
        Cellular couriers: Body's 'delivery trucks' could lead to new cancer blood test
        Researchers have found a potential new diagnostic marker that could be used to better detect the level of tissue damage in our bodies.

      

      
        Enhancing the accuracy of wearables that measure blood glucose levels
        Wearable electronic devices are potential tools to monitor blood glucose levels (BGLs) among people with diabetes, but their limited size and power lead to noticeable measurement errors. In a recent study, researchers developed a screening technique that can filter out low-quality data in a preprocessing step, enhancing the accuracy of BGL estimations. Their findings could pave the way to convenient glucose monitoring using consumer electronics, eliminating the need for finger pricks.

      

      
        Developing kidneys from scratch
        Researches made major strides toward the creation of artificial kidney tissue by demonstrating an undiscovered mechanism behind kidney development and a novel technique for culturing kidney cells, both of which could ultimately reduce the need for both dialysis and transplantation.

      

      
        Alzheimer's research: Superspreader fibrils caught in the act
        In dementia diseases such as Alzheimer's, incorrectly folded proteins accumulate in the brain. Researchers have now resolved a particularly active species of protein fibrils with unprecedented precision. The formation of potentially toxic molecules on the surface of protein fibrils was studied from early to late stages spanning over a period of hours.

      

      
        Understanding how mutations affect diseases
        The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic 'needles in the haystack,' yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia.

      

      
        Heart failure mortality declining in Sweden
        A new study shows that heart failure mortality has decreased in Sweden over the last 20 years.

      

      
        Keeping fewer friends protects aging monkeys from diseases
        Becoming less sociable protects older monkeys from getting ill, new research shows.

      

      
        Children's BMI can affect their future lung function
        An abnormal BMI in children -- be it high or low -- can now be associated with impaired lung function, but if their BMI is normalized before they reach adulthood, the impairment can be offset, researchers report.

      

      
        Magnetic field applied to both sides of brain shows rapid improvement for depression
        A type of therapy that involves applying a magnetic field to both sides of the brain has been shown to be effective at rapidly treating depression in patients for whom standard treatments have been ineffective. The treatment -- known as repetitive transcranial magnetic stimulation (TMS) -- involves placing an electromagnetic coil against the scalp to relay a high-frequency magnetic field to the brain.

      

      
        Discovery of key mechanism in Huntington's Disease could pave the way for early detection and treatment
        Researchers have identified a key biochemical mechanism relevant to the development of Huntington's Disease. This discovery opens up the possibility of studying the disease before its clinical onset and eventually stopping its progression.

      

      
        Childhood attention issues and genetic factors may predict psychosis risk
        Researchers have found that a person's risk of developing psychotic-like experiences may be influenced by both childhood attention problems and their genetic makeup.

      

      
        Breaks in resistance training do not impair long-term development in strength and muscle size
        A study investigated how a 10-week break from resistance training affected maximum strength and muscle size. The study found that a 10-week break halfway through 20 total weeks of strength training had little effect on development. During the break, maximal strength was better preserved than muscle size.

      

      
        Thin skin significantly blunts injury from puncture
        Thin, stretchy skin -- like that of a pig or human -- significantly lessens the underlying damage that occurs when it's punctured. Pig skin even outperforms synthetic materials that are designed to mimic skin, a new study finds. Its special qualities, in particular its ability to dissipate the energy of a puncturing object, greatly reduce the damage to deeper tissues, researchers report.

      

      
        Dramatic drop in marijuana use among U.S. youth over a decade (2011 to 2021)
        Using a national survey of 88,183 adolescents in grades nine to 12, findings show marijuana use declined from 23.1% in 2011 to 15.8% in 2021, with first-time use before age 13 dropping from 8.1% to 4.9%. In 2021, use was highest among 12th graders (22.4%) and 11th graders (18.7%). Notably, in 2021, girls (17.8%) surpassed boys (13.6%) in reported use, reversing previous trends. While Asian, Hispanic, and white adolescents saw significant declines, Black adolescents reported a higher usage rate of...

      

      
        Enhanced cardiovascular function with spinal cord transcutaneous stimulation in high-level spinal cord injury
        New research shows that stimulation of the lumbosacral vertebrae region significantly elevated low blood pressure, unlike cervical or upper thoracic stimulation.

      

      
        Cannabis use during pregnancy can impact thinking and learning skills, increase aggression among children, study shows
        As cannabis is legalized and is more accessible in various forms across the country, there is increasing concern among health care providers about potential impact on children. Researchers have new findings to add to the existing evidence that cannabis exposure before birth can negatively impact children.
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COVID-19 pandemic worsened patient safety measures, study finds | ScienceDaily

The investigation found that rates of falls, bloodstream infections from central line catheters, urinary tract infections from urinary catheters, pressure injuries from devices or immobility, and pneumonia associated with ventilator use, all increased significantly during the pandemic. While some of these rates have begun to decline, they have not yet returned to pre-pandemic levels. When a patient falls, develops a pressure injury, or suffers a hospital-acquired infection, these adverse events delay the patient's ability to go home, to be comfortable, and to heal.

"The pandemic placed an immense strain on healthcare systems and frontline workers, and the impact on patient safety is evident in these data," said Eileen T. Lake, PhD, RN, FAAN, the Edith Clemmer Steinbright Professor in Gerontology; Professor of Nursing in the Department of Biobehavioral Health Sciences; and Associate Director of CHOPR. "It's crucial that we address the ongoing challenges faced by nurses and invest in this professional workforce."

The study highlights the importance of supporting nurses and ensuring they have the resources and support they need to provide high-quality care. It also underscores the need for continued efforts to improve patient safety indicators even as the pandemic subsides.

Co-authors include: Angela Pascale, PhD, Research Analyst and Nora E. Warshawsky, PhD, RN, NEA-BC, FAAN, Nurse Scientist, both from Press Ganey Associates LLC; Jessica G. Smith, PhD, RN, College of Nursing and Health Innovation at The University of Texas at Arlington; Douglas Staiger, PhD, Department of Economics at Dartmouth College; and Jeannette A. Rogowski, PhD, Health Policy, and Administration at The Pennsylvania State University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241030153852.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Nanoplastics can reduce the effectiveness of antibiotics | ScienceDaily
In a recent study, an international research team with significant involvement from MedUni Vienna has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria. The results of the study were recently published in the journal Scientific Reports.


						
In order to investigate whether and how nanoplastic particles in the body interact with antibiotics, the research team led by Lukas Kenner (MedUni Vienna), Barbara Kirchner (University of Bonn) and Oldamur Holloczki (University of Debrecen) linked a common drug with widely used types of plastic. The focus was on the broad-spectrum antibiotic tetracycline, which is used to treat many bacterial infections, such as those of the respiratory tract, skin or intestines. When it came to plastics, the choice fell on polyethylene (PE), polypropylene (PP) and polystyrene (PS), which are ubiquitous components of packaging materials, as well as nylon 6,6 (N66), which is contained in many textiles such as clothing, carpets, sofa covers and curtains. Nanoplastics are smaller than 0.001millimeters and are considered particularly harmful to humans and the environment due to their small size.

Using complex computer models, the team was able to prove that the nanoplastic particles can bind tetracycline and thus impair the effectiveness of the antibiotic. "The binding was particularly strong with nylon," emphasizes Lukas Kenner, pointing out a largely underestimated danger indoors: "The micro- and nanoplastic load is around five times higher there than outdoors. Nylon is one of the reasons for this: it is released from textiles and enters the body via respiration, for example."

Danger of antibiotic resistance

As the study results show, the binding of tetracycline to nanoplastic particles can reduce the biological activity of the antibiotic. At the same time, binding to nanoplastics could lead to the antibiotic being transported to unintended sites in the body, causing it to lose its targeted effect and possibly cause other undesirable effects. "Our finding that the local concentration of antibiotics on the surface of the nanoplastic particles can increase is particularly worrying," reports Lukas Kenner on another detail from the study. This increase in concentration could lead to the development of antibiotic-resistant bacteria. Plastics such as nylon 6,6, but also polystyrene, which bind more strongly to tetracycline, could therefore increase the risk of resistance. "At a time when antibiotic resistance is becoming an ever greater threat worldwide, such interactions must be taken into account," says Kenner.

The study shows that exposure to nanoplastics is not only a direct health risk, but can also indirectly influence the treatment of diseases. "If nanoplastics reduce the effectiveness of antibiotics, the dosage poses a massive problem," says Lukas Kenner with a view to future studies looking at the influence of nanoplastics on other drugs.
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New study shows combination therapy slows cognitive decline in at-risk populations | ScienceDaily
An important new study led by the Centre for Addiction and Mental Health (CAMH), and with partnership across several Toronto Dementia Research Alliance (TDRA) sites -- Baycrest, Sunnybrook Health Science Centre, Unity Health Toronto, and University Health Network -- has demonstrated that a combination therapy can slow cognitive decline in older adults at risk for dementia.


						
The study was published today in JAMA Psychiatry: "Slowing cognitive decline in major depressive disorder and mild cognitive impairment: A randomized controlled trial," and reports the primary results of the Prevention of Alzheimer's dementia with Cognitive remediation plus transcranial direct current stimulation in Mild cognitive impairment and Depression (PACt-MD) study.

PACt-MD was made possible by a grant from the Canada Brain Research Fund, a unique arrangement between Brain Canada and the Government of Canada through Health Canada, the Chagnon Family, and the CAMH Discovery Fund. The work focused on preventing cognitive decline in older adults with a condition that increases the risk for dementia: Major Depressive Disorder in remission (rMDD), Mild Cognitive Impairment (MCI), or both.

"Investing in long-term, comprehensive research like this is not only a commitment to science, but to the millions of individuals, families, and caregivers affected by dementia," said the Honourable Mark Holland, Minister of Health. "This research contributes to advancing dementia care in Canada and improving quality of life for people living with dementia and caregivers."

The study involved 375 older adults who received either a control ("sham") intervention or a combination of two active therapies: the first involved specially designed Cognitive Remediation (CR) techniques -- therapeutic interventions designed to improve cognitive functioning, like puzzles and logic problems. The second was transcranial direct current stimulation (tDCS) -- a form of non-invasive brain stimulation. These therapies were delivered five days per week for eight weeks, followed by 5-day "boosters" every six months. The study was randomized, controlled, and double-masked, with assessments conducted at baseline, month-2, and yearly for three to seven years.

The study found that participants receiving CR plus tDCS experienced slower cognitive decline over a median follow-up period of 4 years compared to those receiving the control intervention. The effects were more prominent in individuals with low genetic risk for Alzheimer's disease, and participants with rMDD (with or without MCI) showed better outcomes than those with MCI alone.

Cognitive decline is often the result of overlapping conditions, making combination therapies especially pertinent -- they can improve patient outcomes by targeting different disease pathways in a synergistic way.

"We are very pleased to show, after seven years of close monitoring, that this combination of therapies is effective in slowing down cognitive decline for some of our most vulnerable populations," said Dr. Tarek Rajji, lead author and one of the study Principal Investigators. "This study shows promise that multi-prong, non-pharmacological approaches for people with a high risk of developing dementia could help them live a more independent life for a longer time." Dr. Rajji is a former CAMH Senior Scientist, and now serves as Chair of the Department of Psychiatry at the University of Texas Southwestern Medical Center.

Dr. Benoit Mulsant, senior author and research team lead, explained the focus on the prefrontal cortex: "While there are several presumed mechanisms underlying the increased risk for dementia in older adults with depression, impaired brain plasticity, or the ability of the brain to compensate for damage, is thought to be one common pathway. In this study we targeted the prefrontal cortex for treatment because this is believed to be an area of the brain that is highly adaptable to change and critical to executive functioning." Dr. Mulsant is a Senior Scientist at CAMH, and the Labatt Family Chair for the Department of Psychiatry, Temerty Faculty of Medicine, at the University of Toronto.
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Researchers identify 'sweet spot' for safe surgery after heart attack | ScienceDaily
After a heart attack, aging adults face double or triple the risk of life-threatening complications -- like a debilitating stroke or another heart attack -- when they move forward with elective noncardiac surgeries too soon, according to new University of Rochester research published in JAMA Surgery.


						
A deep dive into the Medicare database of 5.2 million surgeries from 2017 to 2020 for patients 67 and older suggests delaying surgery for three to six months following a heart attack, known as a non-ST-segmented elevation myocardial infarction (NSTEMI).

Researchers aim to identify the "sweet spot" for safely scheduling additional surgical procedures in this high-risk population. The study provides valuable analysis to support changes to decision-making guidelines set more than 20 years ago.

"The data physicians are using for patient care decisions today is outdated. Given the advances in care and the ever-changing mix of patients, clinicians need the latest information," said Laurent Glance, MD, lead author and professor of Anesthesiology and Perioperative Medicine and Public Health Sciences at the University of Rochester Medical Center (URMC).

The 2014 American College of Cardiology and American Heart Association perioperative guidelines call for waiting 60 days after a heart attack before undergoing an elective noncardiac surgery. The recommendation was based on a study of 500,000 patients between 1999 and 2004.

Most post-surgical deaths or significant complications occur during the first 30 days of recovery and perioperative teams work diligently to prevent them. This new analysis shows a decline in risk during the first 90 days, when it leveled off for the next 180 days.

Aging patients often have multiple acute or chronic conditions, and physicians are challenged to balance their risk of surgical care with their expectations for quality of life.

"Perioperative teams analyze a variety of health and lifestyle factors when we assess a patient's risk and work to optimize their outcomes," said Marjorie Gloff, MD, a co-author and director of URMC's Center for Perioperative Medicine. "It can be frustrating for individuals who suffer with joint pain to postpone a long-awaited knee or hip replacement after surviving a heart attack."

Additional co-authors include Gloff, Heather Lander, MD, Stewart Lustik, MD, Michael Eaton, MD, Sabu Thomas, MD, of URMC; Mark Sorbero, MS, and Andrew Dick, PhD, of RAND Health; Karen E. Joynt Maddox, MD, MPH, of Washington University; Lee Fleisher, MD, of University of Pennsylvania; and Jingjing Shang, PhD, RN, and Patricia Strong, PhD, RN, of Columbia School of Nursing.

This study was supported by funding from the National Institute of Aging, National Institute of Nursing Research and URMC's Department of Anesthesiology and Perioperative Medicine.
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The roots of fear: Understanding the amygdala | ScienceDaily
Treating anxiety, depression and other disorders may depend on the amygdala, a part of the brain that controls strong emotional reactions, especially fear. But a deep understanding of this structure has been lacking. Now scientists at the University of California, Davis have identified new clusters of cells with differing patterns of gene expression in the amygdala of humans and non-human primates. The work could lead to more targeted treatments for disorders such as anxiety that affect tens of millions of people.


						
The work is published Oct. 30 in the American Journal of Psychiatry.

"The amygdala is central to emotion processing in the brain, and is known to contribute to fear and anxiety," said Drew Fox, associate professor in the UC Davis Department of Psychology and senior author on the paper.

For that reason, there has long been interest in whether variations in the size or structure of the amygdala are related to disorders such as anxiety and depression. However, it's increasingly clear that the overall size and structure of the amygdala is not a good predictor of emotional problems in life, Fox said.

Recently, research in rodents has shown that each subregion of the amygdala contains many different cell types with distinct and sometimes opposing functions.

"This suggests that disorders emerge from alterations in specific cell types with distinct roles," Fox said. However, it is challenging to identify such cell types in humans or other primates, leaving the cellular landscape of the primate amygdala largely unexplored.

To address this critical knowledge gap, graduate student Shawn Kamboj led a collaboration between Fox's research group and the lab of Professor Cynthia Schumann at the UC Davis School of Medicine to identify cell types in subregions of the human and non-human primate amygdala, based on the genes they express. This could advance basic research by making it easier to translate results between rodents, non-human primates and humans, and open up new targets for treatment.




Single cell RNA sequencing

The researchers took samples from brains of humans and rhesus macaque monkeys, separated individual cells and sequenced their RNA. This shows which genes are active (being expressed) in a particular cell and allows researchers to sort them into groups based on gene expression.

"We can cluster cells based on their gene expression, identify cell types and their developmental origin," Fox said.

The researchers searched for specific cell types that expressed the genes implicated in anxiety and other disorders in humans. This strategy can help identify cell types that are most likely to give rise to psychopathology, Fox said.

For example, they identified a specific group of cells that expressed a gene called FOXP2. The new study shows that in humans and macaques, FOXP2 is expressed in cells on the edges of the amygdala, called intercalated cells. Excitingly, researchers have demonstrated that in rodents, this small group of FOXP2-expressing cells play a role as "gatekeepers," controlling signal traffic in or out of the amygdala. Together, these data suggest intercalated cells to be a potentially powerful avenue for developing treatments.

The researchers were also able to identify both similarities and differences between cell types in the human and non-human primate amygdala. This is important for understanding how discoveries in animal models of disorders such as anxiety and autism relate to humans.




The approach could help identify cell types as potential drug targets. For example, FOXP2-expressing cells tend to express both anxiety-related genes and a receptor that can be targeted by drugs, called Neuropeptide FF Receptor 2 (NPFFR2). This result can guide the development of new treatment strategies, by suggesting drugs that activate the NPFFR2 pathway as a potential treatment target in relation to anxiety-related disorders.

Anxiety is a complicated disorder that can present in many different ways. With a better understanding of the cell types involved, it may be possible to identify and target "chokepoints" that affect large numbers of people who experience extreme and debilitating anxiety, Fox said.

"Put simply, if we're developing a drug to target the amygdala, we want to know which cell type we are targeting," he said.

Additional authors on the paper are: Erin Carlson, Kari Hanson and Bradley Ander, UC Davis MIND Institute; Julie Fudge, University of Rochester; Melissa Bauman, California National Primate Research Center; Karl Murray, UC Davis School of Medicine. The work was supported by the California National Primate Research Center and grants from the NIH and the Simons Foundation.
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Complexity of tumors revealed in 3D | ScienceDaily
A new analysis led by researchers at Washington University School of Medicine in St. Louis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs.


						
The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

The study is part of a group of 12 papers published Oct. 30 in the Nature suite of journals by members of the Human Tumor Atlas Network, a research consortium funded by the National Cancer Institute (NCI) of the National Institutes of Health (NIH). The 3D analysis -- published in Nature -- includes detailed data about breast, colorectal, pancreas, kidney, uterine and bile duct cancers.

The last decade of cancer research has been defined by tremendous advances in understanding the activities of cells in a tumor's environment -- both the cancer itself and its support cells, including on a single-cell level. The new study begins to reveal not just what each cell is up to, but also where each cell is located in the intact tumor and how each interacts with its neighboring cells, whether those cells are next door, down the street or in a completely different neighborhood.

This new information could help scientists understand how tumors spread or develop treatment resistance, to name a few intensive areas of ongoing study.

"These 3D maps of tumors are important because they finally let us see what, until now, we have only been able to infer about tumor structures and their complexity," said co-senior author Li Ding, PhD, the David English Smith Professor of Medicine. "We understood that cancer cells, immune cells and structural cells were all present in the tumor, sometimes protecting the cancer from chemotherapy and immune system attack, but now we can actually see those battle lines. We now have the ability to see how regions of the tumor differ in 3D space and how the behavior changes in response to therapy or when the tumor spreads to other organs. These studies have opened a new era in cancer research with the potential to transform the way we understand and treat cancer in the future."

The study is led by Ding, also a research member of Siteman Cancer Center, based at Barnes-Jewish Hospital and WashU Medicine; and her fellow co-senior authors Feng Chen, PhD, a professor of medicine; Ryan C. Fields, MD, the Kim and Tim Eberlein Distinguished Professor; William E. Gillanders, MD, a professor of surgery, all of WashU Medicine; and Benjamin J. Raphael, PhD, of Princeton University.




3D organization of tumor neighborhoods

In general, the researchers found that tumors had higher metabolic activity -- that is, they burned more fuel -- in their cores and more immune system activity on their edges. They also found that a tumor can contain multiple neighborhoods with different genetic mutations driving the tumor's growth. These neighborhoods are being appreciated for how they lead to treatment response and resistance in various cancer types. This suggests different targeted treatments may be needed to address key mutations in different neighborhoods.

"This understanding of 3D cancer metabolism will affect how our current treatments work, and sometimes don't work, and will lead to development of novel treatments in cancer," said Fields, who treats patients at Siteman. "It really is transformative."

In addition, some tumor neighborhoods can have high immune cell activity -- known as hot regions. The same tumor also can have so-called cold regions that do not have much, if any, immune activity. Hot regions typically respond well to immunotherapies, but cold regions do not, possibly helping to explain why some tumors appear responsive to immunotherapies at first and then develop resistance. If various mutation profiles as well as cold and hot neighborhoods can be identified, it presents the possibility of designing treatment strategies that could be effective against all neighborhoods within the same tumor.

The researchers -- including co-first authors, Chia-Kuei (Simon) Mo and Jingxian (Clara) Liu, both graduate students in Ding's lab -- also found large variation in how deeply immune cells had infiltrated the various tumors and where different immune cell types, such as T cells or macrophages, assembled. Some metastatic tumor samples showed the cancer breaking through immune cell boundaries to continue the invasion of healthy tissue, perhaps illustrating a phenomenon called immune cell exhaustion, in which the immune system is overwhelmed by an aggressive cancer and can no longer contain its growth.

"If we can see exhausted T cells inside a tumor, we could potentially activate those T cells with a checkpoint inhibitor or other immunotherapies," Ding said. "But if we don't see them, we will know certain immunotherapies won't work. These tumor maps can help us predict treatment resistance. We have never been able to talk this way about tumors before -- being able to see that immune cells are present in the tumor, suggesting opportunities to exploit them for treatments."

WashU Medicine researchers led two more studies as part of this package of publications. One, appearing in Nature Cancer and co-led by Ding and Gillanders, provides a detailed analysis of breast cancer, identifying how different types of breast tumors originate from different cell types. The research team also found that T cell exhaustion was common in an aggressive tumor known as triple-negative breast cancer. Knowledge of the "cell of origin" and the immune landscape in breast cancer could help guide future treatment strategies.

The other paper, appearing in Nature Methods and co-led by Ding, of WashU Medicine, and Raphael, of Princeton, describes new methods for 3D analyses of tumors, including those used in the study of the six tumor types that appeared in Nature.
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Healthy brains suppress inappropriate immune responses | ScienceDaily
The brain constantly engages in dialogue with the body's immune system. Such communication appears aimed at ensuring a delicate balance between defending against injury and infection and guarding healthy tissue.


						
Now, scientists at Washington University School of Medicine in St. Louis have revealed how the two strike a healthy balance. The study, in mice, found that fragments of immune-stimulating proteins -- dubbed guardian peptides -- are produced by the brain and spinal cord of the central nervous system to maintain the brain's immune balance and permit a healthy interchange of information with the immune system.

The study, published Oct. 30 in the journal Nature, has the potential to improve treatments for diseases, such as multiple sclerosis (MS) and Alzheimer's disease, among others.

"We have found guardian brain peptides that actively engage with the immune system to keep it in check, possibly preventing destructive immune responses," said Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "We think such peptides help the immune system to maintain a state of 'immune privilege.' We are intrigued by the possibility of developing such proteins from healthy brains into a therapy to suppress inappropriate immune responses and develop better disease-modifying therapies for neuroinflammatory diseases."

Immune surveillance involves a subset of T cells that can initiate an immune response when alerted to a threat. That alert comes in the form of a tiny protein fragment -- a sample of the potential threat -- displayed on the surface of another group of presenting immune cells. If T cells deem the protein fragment threatening, they mount an attack.

The researchers found that guardian peptides were presented by immune cells at the interface of the brain's borders, where they attracted and activated a subset of immune T cells whose function is regulatory, such that these cells dampen abnormal immune reactions.

Min Woo Kim, a graduate student in WashU Medicine's Medical Scientist Training Program and a researcher in the Kipnis lab, examined presenting immune cells from the brain and its associated immune tissues in healthy mice. He found an abundance of brain proteins presented by such cells, with the dominant protein being a component of myelin sheath, the protective cover on neurons that becomes damaged in MS.

The researchers found that in mice with MS, such proteins were drastically depleted. By adding the missing brain-derived peptides through injection of vesicles -- membrane-bound compartments -- into the cerebrospinal fluid of mice with MS, the scientists found that the therapy activated and expanded a subset of suppressor T cells. Motor function improved, and disease progression slowed in the treated mice compared with mice that received control vesicles.

"We have identified a novel process in the brain where the organ actively engages with the immune system to present a healthy image of itself," Kim said. "That image looks different in mice with multiple sclerosis. We think that other neuroinflammatory and even neurodegenerative diseases may have unique protein signatures presented to the immune system, opening the exciting possibility of using such signatures as a diagnostic tool for early diagnosis."

WashU Medicine collaborators on the study include Cheryl Lichti, PhD, an associate professor of pathology & immunology; Clair Crewe, PhD, an assistant professor of cell biology & physiology; Maxim N. Artyomov, PhD, the Alumni Endowed Professor of Pathology & Immunology; and the late Emil R. Unanue, PhD, who died before seeing the study's completion. Unanue, a 1995 Albert Lasker Basic Medical Research Award winner, was a pioneer in describing the interactions between T cells and presenting cells that make it possible for the former to recognize and respond to foreign invaders.
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'Black box' of stem cell transplants opened in blood study | ScienceDaily
For the first time, scientists have tracked what happens to stem cells decades after a transplant, lifting the lid on the procedure that has been a medical mystery for over 50 years.


						
Insights could pave the way for new strategies in donor selection and transplant success, potentially leading to safer, more effective transplants.

Researchers from the Wellcome Sanger Institute and their collaborators at the University of Zurich were able to map the behaviour of stem cells in recipients' bodies up to three decades post-transplant, providing the first-ever glimpse into the long-term dynamics of these cells.

The study, published today (30 October) in Nature and part-funded by Cancer Research UK, reveals that transplants from older donors, which are often less successful, have ten times fewer vital stem cells surviving the transplant process. Some of the surviving cells also lose the ability to produce the range of blood cells essential for a robust immune system.

Over a million people worldwide are diagnosed with blood cancer each year1, including cancers such as leukaemia and lymphoma, which can stop a person's immune system working properly. Stem cell transplants, also known as bone marrow transplants, are often the only curative treatment option for patients. The procedure replaces a patient's damaged blood cells with healthy stem cells from a donor, which then rebuild the patient's entire blood and immune system. In the UK alone, over 2,000 people undergo this procedure each year2.

Despite being performed for over 50 years, many fundamental questions about how transplants work have remained unanswered. While they can be life-saving, outcomes vary widely, leaving many patients facing complications years later. Donor age has been known to impact success rates3, but what happens at the cellular level following a transplant has been a 'black box', until now.

In this new study, researchers from the Wellcome Sanger Institute and the University of Zurich used advanced genome sequencing techniques to analyse blood samples from ten donor-recipient sibling pairs up to 31 years post-transplant4.




By analysing the mutations that occur throughout life in the donor and recipient's stem cells, they could track how many stem cells had survived the transplant process and continued to produce new blood cells in the patient's body -- an approach previously impossible.

The team discovered that in transplants from younger donors -- those in their 20s and 30s -- about 30,000 stem cells survive long-term, compared to only 1-3,000 in older donors. This drop could lead to reduced immunity and higher relapse risk, potentially explaining why younger donors often result in better outcomes.

They also found that the transplant process ages the blood system in recipients by about10-15 years compared to the matched donors, primarily due to lower stem cell diversity.

Surprisingly, despite the intense stress of the transplant process, stem cells gain few new genetic mutations as they rapidly divide to rebuild the patient's blood. This challenges previous assumptions about high mutation rates during transplantation.

The study also identified other genetic factors regardless of the donor's age that help certain stem cells thrive following transplant5. This range of genetic advantages could lead to the development of better treatments, making transplants safer and more effective for a wider range of patients.

Dr Michael Spencer Chapman, first author of the study at the Wellcome Sanger Institute, said: "When you receive a transplant, it's like giving your blood system a fresh start, but what actually happens to those stem cells? Until now, we could only introduce the cells and then just monitor the blood counts for signs of recovery. But in this study we've traced decades of changes in one single sample, revealing how some cell populations fall away while others dominate, shaping a patient's blood over time. It is exciting to understand this process in such detail."

Dr Markus Manz, senior author of the study at the University of Zurich, said: "The research highlights that age is more than just a number -- it's an important factor in transplant success. Although the hematopoietic stem cell system is amazingly stable over time, younger donors generally supply a larger and more diverse range of stem cells, which might be crucial for patients' long-term recovery. We hope to continue exploring other factors that affect long-term hematopoietic stem cell dynamics in order to fine-tune both donor selection as well as recipient bone-marrow environments for optimal long-term stem cell function."

Dr Peter Campbell, senior author of the study at the Wellcome Sanger Institute, said: "The transplant process forces blood and immune cells through a type of genetic 'bottleneck'. Our new approach allows us to investigate this bottleneck phenomenon more closely. We find that the bottleneck provides multiple different opportunities for some stem cells to thrive more than others in their new environment in the recipient. We believe it will be possible to find the genes responsible for enabling some stem cells to thrive better than others -- these genes could then in theory be harnessed to improve the success of the transplant procedure."
    	https://www.worldwidecancerresearch.org/information-and-impact/cancer-myths-and-questions/what-is-blood-cancer-and-why-do-we-need-more-research/#:~:text=Blood%20cancers%20are%20the%20fifth,were%20diagnosed%20worldwide%20in%202020
    	https://www.blood.co.uk/news-and-campaigns/news-and-statements/nhsbt-celebrates-stem-cell-donors-and-transplants/
    	https://www.anthonynolan.org/blog/2018/02/23/research-shows-donor-age-most-important-in-stem-cell-transplant-survival
    	In the study, the donor is considered the 'control'. By comparing the genetic changes in both donor and recipient blood samples through whole genome sequencing, the team reconstructed their evolutionary history to understand how the cells have adapted and changed since the transplant. These samples were taken between 9 to 31 years post-transplant.
    	Some stem cells had advantages before the transplant, allowing them to better adapt to their new environment in the recipient's body. These included better survival during harvesting or preparation, while others gained an edge after transplant due to genetic mutations that allowed them to thrive in the recipient's bone marrow. Understanding these patterns could help doctors improve the transplant process and better select which stem cells are likely to succeed, regardless of the donor's age.
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Discovery illuminates how sleeping sickness parasite outsmarts immune response | ScienceDaily
A new study led by researchers at the Johns Hopkins Bloomberg School of Public Health sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed thatTrypanosoma brucei essentially plays a game of hide-and-seek bysetting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.


						
The discovery, reported October 30 in Nature, could potentially pave the way for understanding the immune response to other pathogens.

African sleeping sickness -- also known as human African trypanosomiasis -- is a neglected tropical disease that is usually fatal to humans if untreated. While treatment campaigns and tsetse fly control efforts have helped control human African trypanosomiasis, T. brucei remains a major problem for African farmers, killing an estimated three million cattle per year.

The T. brucei parasite constantly changes a surface coat made up of millions of copies of a single protein -- the variant surface glycoprotein (VSG). Once one VSG has been recognized by a host's antibody response, the parasite has already "switched" to a new one, which the immune system hasn't spotted yet. By changing which of these variant genes is active, the parasite can alter its appearance enough to evade its host's immune response for long periods.

The T. brucei parasite, after entering the bloodstream via a tsetse fly bite, also infects tissues outside the bloodstream. The function of this "extravascular" home for the parasite had previously been unclear. To get a fuller understanding of how T. brucei evades the immune system, the researchers used a customized RNA sequencing method to catalog the distinct VSG types that appeared over time during T. brucei infections in mice.

The researchers discovered that the vast majority of VSGs arose in tissues rather than in the bloodstream. They also found that parasite clearance by the immune system is slower in tissues. Their findings suggest that moving from the bloodstream into extravascular spaces gives T. brucei important "breathing room" in which to generate enough VSG variants to survive long-term in hosts, ensuring continued transmission.

"This work sets the stage for a new way of thinking about immune evasion in T. brucei infection and potentially other chronic infections," says study senior author Monica Mugnier, PhD, associate professor in the Bloomberg School's Department of Molecular Microbiology and Immunology.




The study's first author, Alexander Beaver, PhD, was a doctoral candidate in the Mugnier laboratory at the time of the study.

Transmitted by the tsetse fly, T. brucei parasites are found in many parts of sub-Saharan Africa. Many wild mammals in Africa harbor the parasite without showing signs of disease, and thus serve as reservoirs. In humans, and in livestock such as cattle, sheep, and goats, T. brucei infection can cause a chronic disease that, in later stages, involves severe lethargy and other neurological symptoms.

The parasite enters its mammalian hosts via the bloodstream during a tsetse fly bite, and usually exits the same way. Why T. brucei spreads from the blood into extravascular spaces has been an unresolved question. In the study, Mugnier and her team used their own VSG-targeted RNA-sequencing method to record the expression of different VSGs over time in T. brucei parasites recovered from both the blood and tissues of infected mice.

They showed that once an infection had been established for more than a week or so, the number of detectable VSGs in mouse tissues was, on average, several times higher than the number in blood. Thus, the bulk of VSG diversity -- the key determinant of the pathogen's ability to evade the immune response -- was seen in tissues, not blood. This was the case whether the mice were infected by needle or by tsetse fly bite.

When the researchers tracked specific VSGs from initial infection, they found that immune clearance of parasites bearing these VSGs occurred significantly later in tissues than in blood. Similarly, when they used mice engineered so that tissue clearance of the parasite was further delayed, tissue VSG diversity was correspondingly greater.

The results overall suggest that T. brucei uses tissues as relatively protected spaces in which it can survive longer, generating a greater diversity of variants, and potentially re-seeding the bloodstream with these variants -- faster than the immune system can keep up.




"Tissues were once thought to be incidental sites of infection for T. brucei, but it now appears that they might play an important role in maintaining a long-term infection for this parasite, while the bloodstream may serve more as a highway system for movement between tissues and for eventual transmission back into the tsetse fly," Mugnier says.

This new model suggests in turn, she adds, that disrupting T. brucei's ability to spread from blood to tissues could be enough to allow the immune system to catch up and terminate infection, and thus could be a valuable new treatment strategy.

Mugnier and colleagues also suspect that this exploitation of extravascular spaces may be a tactic used by other pathogens -- the Lyme disease bacterium, for example -- to establish chronic infections.

"T. brucei infection could turn out to be a useful model for understanding why extravascular spaces are less efficient at pathogen clearance and how some pathogens exploit that," Mugnier says.

Support for the study was provided by the National Institutes of Health (T32AI007417, T32OD011089, 1K99GM132557-01, DP5OD023065, R01AI58805), the Chan Zuckerberg Initiative, the German Research Foundation and the European Research Council.
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Similarities in brain development between marmosets and humans | ScienceDaily
In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.


						
The development of primate brains is shaped by various inputs. However, these inputs differ between independent breeders, such as great apes, and cooperative breeders, such as the common marmoset (Callithrix jacchus) and humans. In these species, group members other than the parents contribute substantially to raising the infants from birth onwards.

A group of international researchers led by Paola Cerrito from the University of Zurich's Department of Evolutionary Anthropology studied how such social interactions map onto brain development in common marmosets. The study provides new insights into the relationship between the timing of brain development and the socio-cognitive skills of marmosets, in particular their prosocial and cooperative behaviors.

Prolonged learning from social interactions 

The research team analyzed brain development using magnetic resonance data and showed that in marmosets, the brain regions involved in the processing of social interactions exhibit protracted development -- in a similar way to humans. These brain regions only reach maturity in early adulthood, allowing the animals to learn from social interactions for longer.

Like humans, immature marmosets are surrounded and cared for by multiple caregivers from birth and are therefore exposed to intense social interaction. Feeding is also a cooperative business: the immature animals are fed by group members and as they get older, they have to beg for food because their mothers are already busy with the next offspring. According to the study, the need to elicit care from several group members significantly shapes brain development and contributes to the sophisticated socio-cognitive motivation (and observed skills) of these primates.

A model for human evolution

Given their similarities with humans, marmosets are an important model for studying the evolution of social cognition. "Our findings underscore the importance of social experiences to the formation of neural and cognitive networks, not only in primates, but also in humans," explains Cerrito.

The early-life social inputs that characterize infants' life in cooperatively breeding species may be a driving force in the development of humans' marked social motivation. "This insight could have an impact on various fields, ranging from evolutionary biology to neuroscience and psychology," adds Cerrito.
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Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars | ScienceDaily
Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.


						
It is widely believed that brass bands originated with coal miners and other industrial communities in northern England and Wales between the 1830s and the 1850s. New evidence rewrites this history.

A University of Cambridge historian has found compelling evidence to show that Britain's earliest brass bands were founded by military musicians in the 1810s.

In a study published today in The Historical Journal, Dr Eamonn O'Keeffe argues that regimental bands first experimented with all-brass formats in the aftermath of the Napoleonic Wars.

While wartime bands included woodwind instruments such as clarinets and bassoons, O'Keeffe points out that the 15th Regiment of Foot had already organized a bugles-only band by 1818 and that numerous regiments had established all-brass bands by 1830, taking advantage of new instrument designs developed at home and in Continental Europe. The Life Guards, for example, performed on valved trumpets gifted by the Russian Czar. Local defence units also mustered brass bands, including a volunteer rifle corps in Paisley (1819) and yeomanry troops in Devon (1827) and Somerset (1829).

O'Keeffe also shows that veterans of the Napoleonic wars founded many of Britain's earliest non-military brass bands from the 1820s onwards. These ensembles often emerged far beyond the northern English and Welsh industrial communities with which they later became associated.

The first named civilian band which O'Keeffe has identified, the Colyton Brass Band, played God Save the King in a village in Devon in November 1828 as part of birthday festivities for a baronet's son. O'Keeffe found slightly later examples in Chester and Sunderland (both 1829), Derby and Sidmouth (1831), and Poole (1832). In 1834, Lincoln's brass band was being trained by William Shaw, 'formerly trumpeter and bugleman' in the 33rd Regiment of Foot.




"These findings illustrate just how deeply brass bands are embedded in British history and culture," said Dr O'Keeffe, who is the National Army Museum Junior Research Fellow at Queens' College, Cambridge and part of the University's Centre for Geopolitics.

"We already knew about their relationship with industrialization. Now we know that brass bands emerged from Britain's wars against Napoleon."

O'Keeffe discovered most about a band founded by James Sanderson, a Waterloo veteran, in Leamington Spa, Warwickshire. Sanderson, a former trumpet-major, publicized his 'military brass band' in the Leamington Spa Courier in February 1829. Surviving newspaper reports from that summer reveal that the outfit, equipped with keyed bugles, trumpets, French horns, and trombones, performed at several well-attended fetes and other events in the area.

Sanderson's military pension describes him as a labourer born in Thrapston, Northamptonshire. He joined the 23rd Light Dragoons, a cavalry regiment, in 1809, fought at the Battle of Waterloo in 1815 and went on to become the trumpet-major of the 13th Light Dragoons. He left the army due to epileptic fits in the 1820s.

On 29th June 1829, the Leamington Spa Courier reportedthat 'Sanderson's Warwick and Leamington Military Brass Band' performed at a Waterloo anniversary parade in Warwick. Wearing his Waterloo medal, Sanderson mustered his fellow veterans to the tune of 'See the conquering hero comes'. On 1st July, the Leicester Herald reported that Sanderson's band played for up to 300 people at a village feast in Stoneleigh, Warwickshire, inspiring a 'merry dance'.

War and peace

O'Keeffe points out that the Napoleonic Wars (1793 -- 1815) led to a dramatic proliferation of British military bands. By 1814, more than twenty thousand instrumentalists were serving in uniform, in the regular army and militia, as well as a host of part-time home defence formations.




Most of those in full-time service received higher pay than regular soldiers but were still subject to military discipline. The majority were fifers, drummers, trumpeters and buglers, whose music conveyed commands while enhancing parade-ground pageantry and morale. The remainder served in regimental bands of music, which not only enlivened military ceremonies but performed at a wide variety of public occasions, including balls, concerts, and civic processions.

By studying previously overlooked press reports, memoirs and regimental records, O'Keeffe reveals that once demobilized, men and boys who honed their instrumental skills in uniform embarked on a variety of civilian musical careers, becoming instructors, wind performers, composers, and even opera singers.

Many performed in an array of militia and volunteer bands that remained active long after demobilization. Others instructed or participated in a growing assortment of amateur wind and all-brass bands, which often sported uniforms and consciously emulated their regimental equivalents.

O'Keeffe said: "It is widely assumed that brass bands were a new musical species, distinct from their military counterparts. They are primarily seen as a product of industrialization pioneered by a combination of working-class performers and middle-class sponsors.

"But all-brass bands first appeared in Britain and Ireland in a regimental guise. As well as producing a large cohort of band trainers, the military provided a familiar and attractive template for amateur musicians and audiences. This coincided with expanding commercial opportunities and a growing belief in the moralising power of music."

O'Keeffe argues that these quasi-martial troupes enjoyed cross-class appeal, becoming fixtures of seaside resorts, pitheads, and political demonstrations in the decades after Waterloo, and were not confined to northern English industrial towns.

"Soldiers returned from the Napoleonic wars amidst a severe economic recession and many suffered a great deal," O'Keeffe said. "But here we see musicians using the skills they developed in the military to survive and often thrive."

Instruments

The Napoleonic wars created unprecedented demand for brass and other musical instruments. As well as tracking down individual musicians and bands, O'Keeffe investigated the circulation of regimental instruments after the Battle of Waterloo.

Government-issued drums and bugles were supposed to return to public stores on demobilization and band instruments generally belonged to regimental officers. But drummers and bandsmen were often unwilling to relinquish the tools of their trade.

Seven Herefordshire local militia musicians petitioned their colonel in 1816 'to make us a present' of their regimental instruments, noting that performers in other disbanded units had been permitted to keep their instruments 'as a perquisite'. The men promised to continue their weekly practices if the request was granted, pledging that 'a band will be always ready in the town of Leominster for any occasion'.

Some officers auctioned off the instruments of their disbanded corps, making large volumes of affordable second-hand instruments available to amateur players and civilian bands in the post-war decades.

Early brass bands also embraced new instrument designs adopted by their military counterparts or introduced by regimental and ex-regimental performers. The keyed bugle, patented by an Irish militia bandmaster in 1810, was widely used by the first generation of all-brass ensembles. The popularization of affordable and uncomplicated saxhorns by the Distin family further aided the spread of brass bands from the 1840s. The family's patriarch, John Distin, had begun his musical career in the wartime militia.

Enduring tunes

O'Keeffe identifies a number of tunes originating in the military that remained popular with the broader public long after Waterloo.

Theatre critics in the 1820s decried the nation's love of 'Battle Sinfonias' and the 'modern mania for introducing military bands on the stage'. 'The Downfall of Paris', a favourite regimental quick march, became a mainstay of buskers in post-war London. A music critic writing in 1827 lamented the neglect of Bach and Mozart in favour of this tune, which he said every piano instructor 'must be able to play, and moreover to teach'.

But recalling his youth in Richmond, North Yorkshire in the 1820s and 1830s, Matthew Bell described the expert militia band as a 'very popular' source of free entertainment for poorer townspeople and claimed it aroused 'a slumbering talent for music in some of those who heard its martial and inspiring strains.'

Writing in 1827, the Newcastle historian Eneas Mackenzie was clear that 'The bands attached to the numerous military corps embodied during the late war have tended greatly to extend the knowledge of music. At present, there is a band belonging to almost every extensive colliery upon the Tyne and the Wear'.

O'Keeffe said: "Brass bands enabled aspiring musicians of all ages to develop new skills and allowed people to make music as a community, learning from each other. That was the case in the nineteenth century and it's still the case today."

Dr O'Keeffe is writing a book about British military music during the Napoleonic Wars.
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Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that impact lifespan in both species | ScienceDaily
Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach taken at the Buck Institute leapfrogs over that standard methodology.


						
Utilizing cutting-edge machine learning and systems biology, researchers analyzed and correlated huge data sets from flies and humans to identify key metabolites that impact lifespan in both species.Results published online in Nature Communicationssuggest that one of the metabolites, threonine, may hold promise as a potential therapeutic for aging interventions.

"These results would not have been possible without this pioneering approach," says Buck professor Pankaj Kapahi, PhD, senior author of the paper. "There is a lot of data sitting out there that is not being correlated between species. I think this approach could be a game-changer when it comes to identifying potential interventions to improve human health."

Threonine has been shown to protect against diabetes in mice. The essential amino acid plays an important role in collagen and elastin production and is also involved in blood clotting, fat metabolism and immune function.

The method -- simplified

The work began with former Buck postdoc Tyler Hilsabeck, PhD, crunching data (involving metabolomics, phenotypes and genomics) to analyze 120 metabolites in 160 strains of fruit flies on both restricted and normal diets. The goal was to reveal how different genotypes responded to the diets to influence lifespan and healthspan. "This allowed us to find the 'needles in the haystack' when it came to identifying relevant metabolites," Hilsabeck says.

Vikram Narayan, PhD, a postdoctoral fellow then cross-referenced findings with human data from the massive UK Biobank. "Using the human data allowed us to focus on interesting metabolites to those that are conserved in both species. It also allowed us to uncover the impact of those metabolites in humans," he says. Importantly, the team then brought those relevant metabolites back into the fly to validate results.




The results

In flies, threonine extended lifespan in a strain-and-sex-specific manner. Individuals with higher levels of threonine-related metabolites had longer, healthier lives. "We're not saying that threonine is going to work in all conditions," says Kapahi. "Our research shows it works in subsets of both flies and people. I think most of us have stopped expecting to find a 'magic-bullet' intervention for aging. Our method provides another way to develop precision medicine for geroscience."

The results also include findings that were not so positive for both species. Orotate, which is relatively understudied and has been linked with fat metabolism, was negatively associated with aging. In flies orotate counteracted the positive impact of dietary restriction across every strain of the animals. In humans, orotate was linked to a shorter lifespan.

Larger implications

Kapahi hopes the larger research community will begin employing this method. "So many times we find things that work in worms and flies and then we don't have the resources to move the basic science forward. This approach allows us to say with a lot more certainty that discoveries are going to be relevant in humans." Kapahi says this method may reduce the need for studies in mice, something he welcomes.
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Smell loss linked to 100-plus diseases | ScienceDaily
Researchers from the Charlie Dunlop School of Biological Sciences, in collaboration with The Oxford Research Centre in the Humanities, reveal a powerful link between olfactory loss and inflammation in a staggering 139 medical conditions. This research -- led by professor emeritus Michael Leon, and researchers Cynthia Woo and Emily Troscianko -- emphasizes a little-known but potentially life-altering connection: the role our sense of smell plays in maintaining our physical and mental health.


						
The study appears in Frontiers in Molecular Neuroscience.

Olfactory dysfunction, often dismissed as a minor inconvenience, may actually be an early sign of various neurological and bodily diseases, as indicated by this research. "The data are particularly interesting because we had previously found that olfactory enrichment can improve the memory of older adults by 226 percent," said Leon. "We now know that pleasant scents can decrease inflammation, potentially pointing to the mechanism by which such scents can improve brain health."

This finding, he added, could hold key implications for mitigating symptoms and possibly even reducing the onset of certain diseases through therapeutic olfactory stimulation.

The study delves into the methodical tracking of 139 medical conditions associated with both olfactory loss and heightened inflammation, uncovering insights into a shared pathway linking these factors. Olfactory loss, which often precedes conditions such as Alzheimer's and Parkinson's diseases, may serve as an early indicator of disease onset, allowing for more proactive therapeutic approaches.

"It was difficult to track down the studies for so many medical conditions," said Leon, reflecting on the complexity of linking olfactory loss to such a wide array of disorders. The challenge, he added, underscores the importance of these findings in framing olfactory health as integral to overall well-being.

By showing how olfactory enrichment can mitigate inflammation, this research has laid a foundation for future studies aiming to explore the therapeutic use of scent to address a broader range of medical conditions. "It will be interesting to see if we can ameliorate the symptoms of other medical conditions with olfactory enrichment," said Leon.

Together with Woo, Leon is now working on a device to deliver olfactory therapy, which could hold promise as a novel, non-invasive way to improve health outcomes.

As science continues to uncover the profound impacts of our senses on health, this research underscores a critical need for further study into olfactory therapies.
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Implantable microparticles can deliver two cancer therapies at once | ScienceDaily
Patients with late-stage cancer often have to endure multiple rounds of different types of treatment, which can cause unwanted side effects and may not always help.


						
In hopes of expanding the treatment options for those patients, MIT researchers have designed tiny particles that can be implanted at a tumor site, where they deliver two types of therapy: heat and chemotherapy.

This approach could avoid the side effects that often occur when chemotherapy is given intravenously, and the synergistic effect of the two therapies may extend the patient's lifespan longer than giving one treatment at a time. In a study of mice, the researchers showed that this therapy completely eliminated tumors in most of the animals and significantly prolonged their survival.

"One of the examples where this particular technology could be useful is trying to control the growth of really fast-growing tumors," says Ana Jaklenec, a principal investigator at MIT's Koch Institute for Integrative Cancer Research. "The goal would be to gain some control over these tumors for patients that don't really have a lot of options, and this could either prolong their life or at least allow them to have a better quality of life during this period."

Jaklenec is one of the senior authors of the new study, along with Angela Belcher, the James Mason Crafts Professor of Biological Engineering and Materials Science and Engineering and a member of the Koch Institute, and Robert Langer, an MIT Institute Professor and member of the Koch Institute. Maria Kanelli, a former MIT postdoc, is the lead author of the paper, which appears in the journal ACS Nano.

Dual therapy

Patients with advanced tumors usually undergo a combination of treatments, including chemotherapy, surgery, and radiation. Phototherapy is a newer treatment that involves implanting or injecting particles that are heated with an external laser, raising their temperature enough to kill nearby tumor cells without damaging other tissue.




Current approaches to phototherapy in clinical trials make use of gold nanoparticles, which emit heat when exposed to near-infrared light.

The MIT team wanted to come up with a way to deliver phototherapy and chemotherapy together, which they thought could make the treatment process easier on the patient and might also have synergistic effects. They decided to use an inorganic material called molybdenum sulfide as the phototherapeutic agent. This material converts laser light to heat very efficiently, which means that low-powered lasers can be used.

To create a microparticle that could deliver both of these treatments, the researchers combined molybdenum disulfide nanosheets with either doxorubicin, a hydrophilic drug, or violacein, a hydrophobic drug. To make the particles, molybdenum disulfide and the chemotherapeutic are mixed with a polymer called polycaprolactone and then dried into a film that can be pressed into microparticles of different shapes and sizes.

For this study, the researchers created cubic particles with a width of 200 micrometers. Once injected into a tumor site, the particles remain there throughout the treatment. During each treatment cycle, an external near-infrared laser is used to heat up the particles. This laser can penetrate to a depth of a few millimeters to centimeters, with a local effect on the tissue.

"The advantage of this platform is that it can act on demand in a pulsatile manner," Kanelli says. "You administer it once through an intratumoral injection, and then using an external laser source you can activate the platform, release the drug, and at the same time achieve thermal ablation of the tumor cells."

To optimize the treatment protocol, the researchers used machine-learning algorithms to figure out the laser power, irradiation time, and concentration of the phototherapeutic agent that would lead to the best outcomes.




That led them to design a laser treatment cycle that lasts for about three minutes. During that time, the particles are heated to about 50 degrees Celsius, which is hot enough to kill tumor cells. Also at this temperature, the polymer matrix within the particles begins to melt, releasing some of the chemotherapy drug contained within the matrix.

"This machine-learning-optimized laser system really allows us to deploy low-dose, localized chemotherapy by leveraging the deep tissue penetration of near-infrared light for pulsatile, on-demand photothermal therapy. This synergistic effect results in low systemic toxicity compared to conventional chemotherapy regimens," says Neelkanth Bardhan, a Break Through Cancer research scientist in the Belcher Lab, and second author of the paper.

Eliminating tumors

The researchers tested the microparticle treatment in mice that were injected with an aggressive type of cancer cells from triple-negative breast tumors. Once tumors formed, the researchers implanted about 25 microparticles per tumor, and then performed the laser treatment three times, with three days in between each treatment.

"This is a powerful demonstration of the usefulness of near-infrared-responsive material systems," says Belcher, who, along with Bardhan, has previously worked on near-infrared imaging systems for diagnostic and treatment applications in ovarian cancer. "Controlling the drug release at timed intervals with light, after just one dose of particle injection, is a game changer for less painful treatment options and can lead to better patient compliance."

In mice that received this treatment, the tumors were completely eradicated, and the mice lived much longer than those that were given either chemotherapy or phototherapy alone, or no treatment. Mice that underwent all three treatment cycles also fared much better than those that received just one laser treatment.

The polymer used to make the particles is biocompatible and has already been FDA-approved for medical devices. The researchers now hope to test the particles in larger animal models, with the goal of eventually evaluating them in clinical trials. They expect that this treatment could be useful for any type of solid tumor, including metastatic tumors.
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Researchers develop approach to accurately predict pneumonia outcomes | ScienceDaily
Two patients being treated for pneumonia, an infection that causes difficulty breathing due to fluid-filled sacs in the lungs, can look vastly different and have opposing outcomes. Yet doctors struggle to accurately predict patients' prognoses and determine the most effective treatments.


						
Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers at Northwestern University have uncovered five distinct clinical states in pneumonia, three of which are strongly associated with disease outcomes and two that can help physicians determine the disease's cause. One of the states was associated with a 7.5% chance of dying within 24 hours.

The paper that describes the novel approach and the data used to develop it is online in the journal Proceedings of the National Academy of Sciences (PNAS). The researchers say the approach has potential to help clinicians make better informed treatment decisions for critically ill patients and to be applied much more broadly.

Pneumonia, a leading cause of death globally, is inherently difficult to treat due to the diverse ways it can present and be acquired and its potential for antibiotics overuse. Physicians have historically used cause to differentiate pneumonia patients in intensive care units, grouping them into three categories: community-acquired (which could mean a previous bacterial or viral infection), hospital-acquired and ventilator-acquired (developed after a patient requires mechanical ventilation).

But Northwestern's Luis Amaral, the study's lead author, said this data actually tells physicians surprisingly little about a patient's chance of recovery.

"Other approaches to classifying the state of pneumonia patients are not as discriminatory," Amaral said. "They do a worse job of predicting disease progression and prognosis, which is particularly relevant for end-of-life decisions. Our study is the first to demonstrate the existence of robustly identifiable, distinct, clinical states."

Amaral, an expert in complex systems and data science, is the Erastus Otis Haven Professor of Engineering Sciences and Applied Mathematics in Northwestern's McCormick School of Engineering.




Amaral said understanding individuals' chances of survival can help prepare family members for loss and help physicians avoid over-treatment.

The five states integrate many types of data (body temperature, breathing rate, glucose levels, oxygenation levels, etc.) to establish relationships between different measures. The researchers found that linear combinations of the variables characterizing motor response, renal function, heart rate, systolic blood pressure, respiratory rate and high blood pressure provided the most information about the state of a patient.

The team overcame several challenges as they developed a suite of machine-learning tools to cluster patient conditions from two EHR data sources, one a Northwestern project called SCRIPT and the other from a standard clinical dataset. First, many types of data had to be integrated despite being collected at distinct frequencies. They also needed to develop a new test that would indicate the reliability of the approach. Third, they had to determine whether the information contained in these physiological variables could be "compressed" into a much smaller number of combinations of those variables.

The resulting data enabled the researchers to identify five distinct clusters -- which they equated with distinct clinical states -- whose value in predicting mortality of patients was considerably higher than that of current approaches. Surprisingly, one of the clusters identified collected most patients whose pneumonia was associated with a COVID-19 infection.

The technical advances developed during this research may be useful in other contexts. In fact, according to Feihong Xu, the study's lead author and a graduate student in the Amaral lab, the team is "now applying these techniques to experimental data from a mouse model of sepsis."

For now, their analysis is yet to investigate why some patients move from one state to another, something the researchers are now studying. Future research, both on pneumonia and other diseases, could ultimately be the basis for more effective and predictable treatment options.
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Researchers aim to get leg up on bone repair with 3D-printed femur | ScienceDaily
University of Texas at Dallas mechanical engineers have designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors.


						
The engineers, who worked in collaboration with UT Southwestern Medical Center orthopedic surgeons, published their first study on the 3D-printed thigh bone online Aug. 5 in the Journal of Orthopaedic Research.

The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

To study and validate innovative surgical implants and techniques, surgeons perform biomechanical studies using donated cadavers or commercially available synthetic bones, which help them determine optimal surgical fixation and predict the response of the bone. Synthetic bones, also used in surgical training, can be expensive, take time to acquire and lack the ability for patient-specific solutions.

UT Southwestern researchers approached Dr. Wei Li, a UT Dallas expert in 3D-printing technology, two years ago to collaborate on a less costly and faster alternative for orthopedic biomechanical studies.

"To make plans for surgery, surgeons need to know the geometry of the bone," said Li, assistant professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science and corresponding author of the recent study. "With 3D printing, we're able to print out the femur bone sample with the same geometry of the femur inside the body."

Through trial and error, UTD mechanical engineering doctoral student Kishore Mysore Nagaraja developed many iterations of the femur. Mysore Nagaraja, who works in Li's Comprehensive Advanced Manufacturing Lab, performed a series of tests on each artificial bone to measure mechanical performance and material properties to make the samples as similar as possible to real femurs.




"This collaborative experience is the best thing a student could ask for," said Mysore Nagaraja, who is expected to graduate in December. "To get an evaluation of my testing research directly from the doctors who are going to use it is a very good validation of our research."

The bone replica is made of polylactic acid, a bio-based, low-cost biodegradable polymer commonly used in 3D printing. The design, which represents the midsection of the femur, is almost 8 inches long and nearly 1 inch in diameter. In biomechanical tests, it performed as well as a human femur. Researchers estimated each 3D-printed femur cost $7 to make.

Li said 3D-printed bones have a range of potential applications. The polymer, for example, might replace other materials used in bone repair, such as titanium. Li said researchers also could print tumors onto 3D-printed bones and test treatments on the printed samples, or the replicas might be used to help grow human bone tissue.

UT Southwestern researchers involved in the study included first author Dr. Robert Weinschenk, an orthopedic oncology surgeon, and Dr. Richard Samade, a hand and upper extremity surgeon, who run a 3D-printing lab. Both are assistant professors of orthopedic surgery with secondary appointments in biomedical engineering; Samade has a secondary appointment in plastic surgery.

"I reached out to Dr. Li and his team, and fortunately this has turned into an excellent collaboration between us," Weinschenk said. "With the knowledge and skill sets Dr. Samade and I have as surgeons -- both with engineering backgrounds -- in combination with Dr. Li's tremendous knowledge and expertise in mechanical testing and his amazing resources, our collaborative team is uniquely poised to try to tackle these types of challenges."

Additional authors were former UTD student Faiqa Alam BS'23, and Dr. Blaine Oldham, who graduated from UT Southwestern in May.
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Transforming patient care: Study finds bedside interdisciplinary rounds boost satisfaction for patients and providers | ScienceDaily
A study led by researchers at the University of Colorado Anschutz Medical Campus reveals patients and providers have more positive overall care experiences when the entire healthcare team is a part of bedside interdisciplinary rounds (BIDR).


						
The study published today in the Journal of General Internal Medicine.

The study found that BIDR, when the team meets at a patients' bedside in the hospital to discuss care plans, helps build trust between patients and their healthcare providers and within healthcare teams by allowing everyone to observe and work together more closely.

"Traditional interdisciplinary rounds (IDR) consist of a clinical care team that coordinates a patient's care together to help promote collaboration in hospitals. BIDR takes this process a step further by taking the team to the bedside and involving patients and their families," said Katarzyna Mastalerz, MD, lead author and associate professor of hospital medicine at University of Colorado School of Medicine. "BIDR transforms this traditional healthcare model by fostering trust through transparent communication, team collaboration and patient-centered care where every voice is heard, and every goal can be shared."

The study interviewed 14 patients and 18 members of a interdisciplinary teams that included nurses, pharmacists and care coordinators.

Patients who participated in BIDR expressed positive feelings about being involved in their healthcare plans, which enhanced their trust in providers. Healthcare professionals reported improved respect and trust among colleagues, which contributed to better patient care.

While results were mostly promising, patients and providers said there is room for improvement to make the process more streamlined.

For example, some patients reported being uncomfortable due to the use of technical jargon and unclear communication regarding their treatment plans. Meanwhile, the providers said they faced challenges related to lack of supportive structures for interprofessional collaboration and lengthy presentations by physicians.

"To build effective BIDR, we suggest healthcare teams use transparency by sharing goals with patients, employing accessible patient-centered language, clearly delineating team roles for each team member, and actively addressing team input in real time" said Mastalerz. "With the professional siloes and hectic workflow that often characterize hospitals, it's especially important for hospital leadership to recognize, support, and create opportunities for collaborative work by interprofessional teams."
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Ultrasound can be used as search and rescue tool for the brain | ScienceDaily
Ultrasound, once used almost exclusively to take images of the body, is quickly developing into a targeted therapy that can have a potentially life-changing impact on our brains, according to the authors of a new article.


						
For decades, health professionals across the world have used ultrasound as a means of monitoring the development of unborn babies and assessing the health of patients' internal organs.

But writing in the journal PLOS Biology, researchers from Stanford University, the University of Plymouth, and Attune Neurosciences say it has now been demonstrated to offer a non-invasive and precise way of targeting specific areas of the human brain.

This is enabling them to investigate how a technique known as transcranial ultrasound stimulation (TUS) can help people with conditions ranging from pain, alcoholism, obsessive-compulsive disorder (OCD), and Parkinson's disease, all without the use of drugs or surgery.

Beyond the treatment, the researchers discuss in the new article how the technology can also be used to temporarily test areas before treating them, serving as a sort of "search and rescue tool for the brain."

This enables them to find the sources of brain-related issues and disorders prior to treating them, which may be on the critical path towards personalized treatments.

However, they acknowledge there are still a number of complex challenges that need to be addressed before TUS can be rolled out in healthcare settings -- and maybe even homes -- on a global scale.




These include the fact that each of the 8.2 billion brains and skulls on the planet is different, and work is still required to tailor the technique so that it can be delivered in such a way as to enable as many people as possible to benefit from it.

And while significant advances have been made to the technology, reaching a point where it can still be effective -- but also sustainable from a cost perspective -- is still some years away.

But at present the researchers have developed and are testing a TUS device small and simple enough for people to use them at home following a series of clinical assessments, rather than having to continually go into hospitals or other healthcare settings.

The article was written by Dr Keith Murphy, co-founder of Attune Neurosciences and researcher at Stanford University School of Medicine, and Professor Elsa Fouragnan, who leads the Brain Stimulation Lab in the University of Plymouth's Brain Research and Imaging Centre.

Dr Murphy said: "There are countless reasons people can't get to a clinic, whether it's financial strain or simply not having the time. In the past few years, we've made substantial progress towards a device that leverages MRI precision guidance but may still be used safely at home. We've always believed that portability was a critical step towards making advanced brain therapies accessible to everyone and we've made great strides in demonstrating that it works."

The researchers further discuss how focused ultrasound can also be integrated with other emerging technologies, for example improving the accuracy and effectiveness of interfaces that enable direct communication between the brain and external devices.

Professor Fouragnan added: "Over many years, we have improved our understanding of how the brain works and the failings within it that lead to neurological and mental health conditions. However, while advances have been made in treatments, they have not happened at a similar pace. We believe TUS can fill that gap and through our research to this point, we have discovered how it can be a genuine search and rescue tool for the brain. Clinicians and patients are excited about its potential, and if the current pace of development continues, we could have a risk-free technology that can positively impact millions, if not billions, of people."
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Computational tool developed to predict immunotherapy outcomes for patients with metastatic breast cancer | ScienceDaily
Using computational tools, researchers from the Johns Hopkins Kimmel Cancer Center and the Johns Hopkins University School of Medicine have developed a method to assess which patients with metastatic triple-negative breast cancer could benefit from immunotherapy. The work by computational scientists and clinicians was published Oct. 28 in the Proceedings of the National Academy of Sciences.


						
Immunotherapy is used to try to boost the body's own immune system to attack cancer cells. However, only some patients respond to treatment, explains lead study author Theinmozhi Arulraj, Ph.D., a postdoctoral fellow at Johns Hopkins: "It's really important that we identify those patients for whom it will work, because the toxicity of these treatments is high."

To tease this out, studies have tested whether the presence or absence of certain cells, or the expression of various molecules in the tumor, can indicate if a particular patient will respond to immunotherapy. Such molecules are called predictive biomarkers and are useful in selecting the right treatment for patients, explains senior study author Aleksander Popel, Ph.D., a professor of biomedical engineering and oncology at the Johns Hopkins University School of Medicine.

"Unfortunately, existing predictive biomarkers have limited accuracy in identifying patients who will benefit from immunotherapy," Popel says. "Moreover, a large-scale assessment of characteristics that predict treatment response would require the collection of tumor biopsies and blood samples from many patients and would involve performing several assays, which is very challenging."

So, the team employed a mathematical model called quantitative systems pharmacology to generate 1,635 virtual patients with metastatic, triple-negative breast cancer and performed treatment simulations with the immunotherapy drug pembrolizumab. They then fed these data into powerful computational tools, including statistical and machine learning-based approaches, to look for biomarkers that accurately predict the treatment response. They focused on identifying which patients would and would not respond to treatment.

Using the partially synthetic data produced by the virtual clinical trial, researchers assessed the performance of 90 biomarkers alone and in double, triple and quadruple combinations. They found that measurements from tumor biopsies or blood samples taken before the start of treatment, called pretreatment biomarkers, had limited ability to predict treatment outcomes. However, measurements from patients taken after the start of treatment, called on-treatment biomarkers, were better predictive of outcomes. Surprisingly, they also found that some commonly used biomarker measurements, such as the expression of a molecule called PD-L1 and the presence of lymphocytes in the tumor, performed better when assessed before the start of treatment than after treatment initiation.

The researchers also looked at the accuracy of measurements that do not require invasive biopsies, such as immune cell counts in the blood, in predicting treatment outcomes, finding that some blood-based biomarkers performed comparably to tumor- or lymph node-based biomarkers in identifying a subset of patients who respond to treatment. This potentially suggests a less-invasive way to predict response.




Measurements of changes in tumor diameter can be readily obtained by CT scans, and also could prove predictive, Popel says: "This, measured very early within two weeks of treatment initiation, had a great potential to identify who would respond if the treatment were continued."

To validate the findings, investigators performed a virtual clinical trial with patients selected based on change in tumor diameter at two weeks after the start of treatment. "The simulated response rates increased more than two-fold -- from 11% to 25% -- which is quite remarkable," Arulraj says. "This emphasizes the potential for noninvasive biomarkers as an alternative, in cases where collecting tumor biopsy samples is not feasible."

"Predictive biomarkers are critical as we develop optimized strategies for triple-negative breast cancer, so as to avoid overtreatment in patients expected to do well without immunotherapy, and undertreatment in those who do not respond well to immunotherapy," adds study co-author Cesar Santa-Maria, M.D., an associate professor of oncology and breast medical oncologist at the Johns Hopkins Kimmel Cancer Center with expertise in breast cancer immunotherapy and immune biomarkers. "The complexities of the tumor microenvironment make biomarker discovery in the clinic challenging, but technologies leveraging in-silico [computer-based] modeling have the potential to capture such complexities and aid in patient selection for therapy."

Collectively, these new findings shed light on how to better select patients with metastatic breast cancer for immunotherapy. The researchers say these findings are expected to help design future clinical studies, and this method could be replicated in other cancer types.

Previously, the team used an in-house modeling framework and developed a computational model with a special focus on late-stage breast cancer where the tumor has already spread to various parts of the body. This was published in Science Advances last year. The team employed data from several clinical and experimental studies to develop and thoroughly validate this computational model.

The current work was supported by the National Institutes of Health (grant R01CA138264). Part of the work was carried out at the Advanced Research Computing at Hopkins core facility, which is supported by the National Science Foundation under grant OAC1920103.

Study co-authors are Hanwen Wang, Atul Deshpande, Ravi Varadhan, Elizabeth Jaffee and Elana Fertig of Johns Hopkins; and Leisha Emens of Kaiser Permanente in South Sacramento, California.

Popel is a consultant to Incyte and to J&J/Janssen, and is a co-founder and consultant to AsclepiX Therapeutics. He also receives research funding from Merck. The terms of these arrangements are being managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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The couples who cope together, stay together | ScienceDaily
An Australian-first study has lifted the lid on how couples living with rheumatoid arthritis cope with the debilitating disease finding that those who cope with problems together had less psychological distress and better relationships.


						
The study, published in The Journal of Rheumatology examined dyadic coping -- when a couple engages in joint problem solving, joint information gathering, or the sharing of feelings and mutual commitment -- from both partners' perspectives using a sample of 163 couples.

"Dyadic coping, the process of coping that transpires between couples challenged by one partner's illness, is an important predictor of disease adjustment and patient well-being," says lead author Dr Manasi Murthy Mittinty from the College of Medicine and Public Health.

"Dyadic coping contributes to a sense of togetherness, encouraging couples to develop strategies as a unit to respond to stressful events, and it represents a protective factor for minimising the risk of divorce.

"Working together as a couple is crucial for managing the challenges they face when one partner has an illness, particularly in rheumatoid arthritis."

Rheumatoid arthritis (RA) is an autoimmune condition that can cause irreversible tissue damage, progressive deformity and pain. Approximately 18 million people worldwide are living with RA, including nearly 456,000 Australians.

Although management of RA has improved dramatically due to biologics, some patients are still confronted by severe physical pain and stiffness and about 35% of people report experiencing mental and behavioural conditions, such as bipolar disorder, mania and anxiety disorder.




"We found that supportive dyadic coping leads to lower depression, anxiety, and stress for patients, as well as improved relationship quality. In contrast, negative dyadic coping increases psychological distress and reduces relationship quality for both partners," says Dr Mittinty.

"By examining the interpersonal dynamics of couples grappling with chronic disease, we hope to significantly improve the quality of life for patients living with rheumatoid arthritis and their spouse."

The study is the first in Australia to report dyadic coping from the perspective of both participants with RA and their spouses.

RA patients and their spouses were invited to participate in an online survey study if they were more than 18 years old and had lived together for more than a year. The survey included the Chronic Pain Grade Scale, Dyadic Coping Inventory, Depression Anxiety Stress Scale, and Dyadic Adjustment Scale.

"The results underscore the interconnected nature of dyadic coping, highlighting the need to consider both viewpoints in understanding its impact on couples.

"For decades, the focus has been limited to reducing patients' illness-related distress and improving patient outcomes. More recently, scientists have adopted a new approach into understanding how illness in a spouse can affect the couple's relationship and the other spouse's well-being.

"Our findings demonstrate the reciprocal nature of dyadic coping that transpires between patients with RA and their spouses and showcases that integrating dyadic coping training in disease management may be a valuable resource for enhanced mental health outcomes and relationship quality of couples," she adds.
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Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity | ScienceDaily
A KAIST research team led by Professor Keon Jae Lee has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.


						
Conventional LED masks, with their rigid design, fail to conform closely to the skin's contours. This limitation causes substantial light reflection, with up to 90% reflected over a distance of 2 cm, reducing light penetration and limiting stimulation of the deep skin layers essential for effective skin rejuvenation.

To address these challenges, Professor Lee's team developed a face-conforming surface lighting micro-LED (FSLED) mask, which can provide uniform photostimulation to the dermis. The key technology lies in the mask's ability to deliver uniform light to deep skin tissues while maintaining a conformal skin attachment. This is achieved through a 3D origami structure, integrated with 3,770 micro-LEDs and flexible surface light-diffusion layer, minimizing the gaps between the light source and the skin.

In clinical trials involving 33 participants, the FSLED mask demonstrated a 340% improvement in deep skin elasticity compared to conventional LED masks, proving its efficacy in significantly reducing skin wrinkles, sagging and aging.

Professor Keon Jae Lee said, "The FSLED mask provides cosmetic benefits to the entire facial dermis without the side effects of low-temperature burns, making home-care anti-aging treatment that enhances the quality of human life possible. The product is being manufactured by Fronics, KAIST startup company, and will be distributed globally through Amorepacific's network, with sales starting in November."
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New imaging analysis technique revolutionizes diagnostics of head and neck cancers | ScienceDaily
Squamous cell carcinoma of the head and neck area is among the ten most common types of cancer.


						
Using a method based on machine learning, researchers at the University of Helsinki in collaboration with the University of Turku and the Max Planck Institute for Molecular Biomedicine in Germany analysed hundreds of biobank patient samples at the level of accuracy of individual cells. The new technology combines indicators of cancer cell behavior and the architecture of the tumor and the surrounding healthy tissue to create a type of 'fingerprint' for each patient that can be used to assess the prognosis and treatment response to cancer.

The most significant finding of the study was the development of a new imaging analysis technique that combines analyses of biomarkers of cell behavior with morphological analyses of single cell shape and the structure of the entire tumor tissues. The method enabled the identification of two new previously undetected groups of patients. For the first group, the prognosis was exceptionally good, while in the second it was exceptionally bad. The difference was explained by the spefic combination of a specific cancer cell state and the composition of the tissue surrounding the cancer cells. In the latter group, the aggressiveness of the disease was associated with signalling between cancer tissue and surrounding healthy connective tissue mediated by the epidermal growth factor (EGF).

"These results are a breakthrough in understanding cancer development and diagnostics. For the first time, we have shown that specific combinations of malignant cells and tissue cell types in what is considered healthy tissue have a strong prognostic effect on cancer progression. In addition, we identified a key signalling pathway that explains this compound effect and which can be pharmacologically targeted, consequently significantly affecting the progression of the cancer," says Research Director Sara Wickstrom.

"In addition, our method was able to identify patients with a particularly poor prognosis who would benefit from an aggressive treatment strategy. On the other hand, we also identified a group of patients whose prognosis was good and for whom a less aggressive treatment, such as a surgical procedure alone, could be sufficient. This would help preserve patient quality of life" says Postdoctoral Researcher Karolina Punovuori from Wickstrom's research group.

Diagnostic test under development

The new imaging method opens the door for precision diagnoses for cancers in the head and neck area. The researchers are currently developing a diagnostic test for more accurate diagnosis of this type of cancer. In addition, they are also studying the use of the method in the diagnostics of other types of cancer, such as colorectal cancer. They have received Business Finland's Research to Business funding for the Multivision Diagnostics project, which develops applications that may become available to cancer clinics.

"Our research utilises the latest analysis methods in machine learning and spatial biology. We analyse hundreds of patient samples and millions of cells, which is only possible with the help of high-performance computers and artificial intelligence. This study is part of a new revolution in cancer diagnostics. We believe that the technology will significantly improve cancer diagnostics and the accuracy of treatment strategies," Sara Wickstrom explains.

"Imaging of cancer biomarkers using antibody stainings is already in clinical use. Therefore the method will not be particularly expensive, since it only requires the algorithm developed by us and a special combination of antibodies. Considering the cost of cancer treatment, this is actually quite affordable," she continues.

Head and neck cancers have increased considerably in the last 30 years.
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Subtle eye movements optimize vision | ScienceDaily
Our ability to see starts with the light-sensitive photoreceptor cells in our eyes. A specific region of the retina, termed fovea, is responsible for sharp vision. Here, the color-sensitive cone photoreceptors allow us to detect even the smallest details. The density of these cells varies from person to person. Additionally, when we fixate on an object, our eyes make subtle, continuous movements, which also differ between individuals. Researchers from the University Hospital Bonn (UKB) and the University of Bonn have now investigated how sharp vision is linked to these tiny eye movements and the mosaic of cones. Using high-resolution imaging and micro-psychophysics, they demonstrated that eye movements are finely tuned to provide optimal sampling by the cones. The results of the study have now been published in the journal eLife.


						
Humans can fixate their gaze on an object to see it clearly thanks to a small region in the center of the retina. This area, known as the fovea (latin for "pit"), is made up of a tightly packed mosaic of light-sensitive cone photoreceptor cells. Their density reaches peaks of more than 200,000 cones per square millimeter -- in an area about 200 times smaller than a quarter-dollar coin. The tiny foveal cones sample the portion of visual space visible to the eye and send their signals to the brain. This is analogous to the pixels of a camera sensor, with millions of photo-sensitive cells spread across their surface.

However, there is an important difference: unlike the pixels of a camera sensor, the cones in the fovea are not uniformly distributed. Each eye has a unique density pattern in their fovea. Additionally, "unlike a camera, our eyes are constantly and unconsciously in motion," explains Dr. Wolf Harmening, head of the AOVision Laboratory at the Department of Ophthalmology at UKB and a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn. This happens even when we are looking steadily at a stationary object. These fixational eye movements convey fine spatial details by introducing ever-changing photoreceptor signals, which must be decoded by the brain. It is well known that one of the components of fixational eye movements, termed drift, can differ between individuals, and that larger eye movements can impair vision. How drift relates to the photoreceptors in the fovea, however, and our ability to resolve fine detail has not been investigated until now.

Using High-Resolution Imaging and Micro-Psychophysics

This is precisely what Harmening's research team has now investigated by using an adaptive optics scanning light ophthalmoscope (AOSLO), the only one of its kind in Germany. Given the exceptional precision offered by this instrument, the researchers could examine the direct relationship between cone density in the fovea and the smallest details we can resolve. At the same time, they recorded the tiny movements of the eyes. To do this, they measured visual acuity of 16 healthy participants while performing a visually demanding task. The team tracked the path of the visual stimulus on the retina to later determine which photoreceptor cells contributed to vision in each participant. The researchers -- including first author Jenny Witten from the Department of Ophthalmology at UKB, who is also a PhD student at the University of Bonn -- used AOSLO video recordings to analyze how the participants' eyes moved during a letter discrimination task.

Eye Movements are finely tuned to Cone Density 

The study revealed that humans are able to perceive finer details than the cone density in the fovea would suggest. "From this, we conclude that the spatial arrangement of foveal cones only partially predicts resolution acuity," reports Harmening. In addition, the researchers found that tiny eye movements influence sharp vision: during fixation, drift eye movements are precisely aligned to systematically move the retina synchronized with the structure of the fovea. "The drift movements repeatedly brought visual stimuli into the region where cone density was highest," explains Witten. Overall, the results showed that within just a few hundred milliseconds, drift behavior adjusted to retinal areas with higher cone density, improving sharp vision. The length and direction of these drift movements played a key role.

According to Harmening and his team, these findings provide new insights into the fundamental relationship between eye physiology and vision: "Understanding how the eye moves optimally to achieve sharp vision can help us to better understand ophthalmological and neuropsychological disorders, and to improve technological solutions designed to mimic or restore human vision, such as retinal implants."

Funding: This work was supported by the Emmy Noether Program of the German Research Foundation (DFG); the Carl Zeiss Foundation (HC-AOSLO); Novartis Pharma GmbH (EYENovative research award), and the Open Access Publication Fund of the University of Bonn.
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More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming | ScienceDaily
The unprecedented temperatures in the summer of 2022 caused more than 68,000 deaths on the continent, according to astudy by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the 'la Caixa' Foundation. A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would not have occurred without anthropogenic warming.


						
The starting point was previous research in which, using temperature and mortality records from 35 European countries, epidemiological models were fitted to estimate heat-related mortality in the summer 2022. Using a dataset of global mean surface temperature anomalies between 1880 and 2022, they estimated the increase in temperatures due to anthropogenic warming for every region. They then subtracted those increases from the recorded temperatures to obtain an estimate of what temperatures would have been in the absence of anthropogenic warming. Finally, using the model developed in the first study, they estimated mortality for a hypothetical scenario where those temperatures would have occurred.

The results, published in npj Climate and Atmospheric Science, showed that the number of heat-related deaths per million inhabitants attributed to anthropogenic warming was twice as high in the Southern regions compared to the rest of Europe.

In line with previous studies, the team found a higher number of heat-related deaths attributed to climate change among women (22,501 out of 37,983 deaths) and people aged 80 years or more (23,881 out of 38,978 deaths) as opposed to men (14,026 out of 25,385 deaths) and people aged 64 years or less (2,702 out of 5,565 deaths).

"This study sheds light on the extent to which global warming impacts public health. While we observe an increase of heat-related mortality across nearly all the countries analysed, not everyone is affected equally, with women and the elderly particularly vulnerable to the adverse effects of rising temperatures," says Thessa Beck, ISGlobal researcher, and the study's first author.

Urgent need for ambitious adaptation and mitigation measures

Temperatures in Europe are rising twice as fast as the global average, exacerbating health impacts. But climate change has not only exacerbated heat-related mortality in exceptionally hot summers as in 2022. According to the study's findings, between 44% and 54% of heat-related summer mortality between 2015 and 2021 can be attributed to global warming. In absolute terms, this corresponds to an annual burden of between 19,000 and 28,000 deaths. By comparison, the figures for 2022 show an alarming 40% increase in heat-related mortality and a two-thirds increase in mortality attributed to anthropogenic warming.

"Our study urgently calls on governments and national authorities in Europe to increase the ambition and effectiveness of surveillance and prevention measures, new adaptation strategies, and global mitigation efforts. Without strong action, record temperatures and heat-related mortality will continue to rise in the coming years," says Joan Ballester Claramunt, Principal Investigator of the European Research Council (ERC) Consolidator Grant EARLY-ADAPT
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Scientist on personal mission to improve global water safety makes groundbreaking discovery | ScienceDaily
A study led by the University of Bristol shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.


						
For the lead researcher it's an academic and personal mission because he witnessed first-hand the constant struggle to find clean, arsenic-free water as a child in India.

Lead author Dr Jagannath Biswakarma, Senior Research Associate at the University's School of Earth Sciences, said: "There are millions of people living in regions affected by arsenic, like I was growing up. This breakthrough could pave the way for safer drinking water and a healthier future."

Arsenic pollution exposure is a huge environmental and public health issue in southern and central Asia and South America, where people depend on groundwater for drinking and farming. The more toxic and mobile form of arsenic, called arsenite, easily seeps into water supplies and can lead to cancers, heart disease and other serious conditions.

Dr Biswakarma said: "I've seen the daily battle for safe drinking water in my hometown Assam. It's very hard to find groundwater sources that aren't contaminated with arsenic, so for me this research hits close to home. It's an opportunity to not only advance science, but also better understand the extent of a problem which has affected so many people in my own community and across the world for many decades."

Scientists previously believed arsenite could only be turned into the less harmful form, called arsenate, with oxygen. But this new study has shown it can still be oxidised, even in the absence of oxygen, with small amounts of iron which act as a catalyst for oxidation.

Dr Biswakarma said: "This study presents a new approach to addressing one of the world's most persistent environmental health crises by showing that naturally occurring iron minerals can help oxidise, lowering the mobility of arsenic, even in low-oxygen conditions."

Study findings revealed that arsenite could be oxidised by green rust sulfate, a source of iron prevalent in low-oxygen conditions, such as groundwater supplies. They also showed this oxidation process is further enhanced with a chemical released by plants and commonly found in soils and groundwater.




"These organic ligands, such a citrate from plant roots, could play a critical role in controlling arsenic mobility and toxicity in natural environments," Dr Biswakarma added.

The implications of this discovery are particularly significant for regions in the Global South facing some of the world's highest levels of arsenic pollution. In countries such as India and Bangladesh, the local geology is rich in iron, and reducing conditions often dominate in groundwater systems, leading to high levels of arsenic contamination. In the Ganges-Brahmaputra-Meghna Delta, which spans Bangladesh and eastern India, millions of people have been exposed to arsenic-contaminated groundwater for decades as the chemical enters the water through natural processes.

Dr Biswakarma said: "Many households rely on tube wells and hand pumps, but these systems do not guarantee access to clean water. The water often cannot be used for drinking or other household tasks due to its toxicity, odour, and discoloration. Additionally, there is an ongoing financial burden associated with obtaining new tube wells or hand pumps. As a result, economically disadvantaged families continue to struggle to find safe water for their daily needs."

Similarly, the Mekong Delta and the Red River Delta, in Vietnam, face ongoing challenges with arsenic pollution, affecting drinking water supplies and agricultural productivity. Rice paddies can become hotspots of arsenic exposure, as the toxic chemical can accumulate in soil and be absorbed by rice plants, posing a further health risk through food consumption.

"The research opens the door for developing new strategies to mitigate arsenic pollution. Understanding the role of iron minerals in arsenic oxidation could lead to innovative approaches to water treatment or soil remediation, using natural processes to convert arsenic into its less harmful form before it enters drinking water supplies," said co-author Molly Matthews, who worked on the paper during her Masters degree in Environmental Geoscience at the University of Bristol.

Identifying the specific form of arsenic in a sample can be challenging. Even a trace amount of oxygen can convert arsenite into arsenate, so it is vital to protect samples from exposure to air. Thanks to funding from the European Synchrotron Radiation Facility (ESRF) the team was able to conduct these complex experiments at its XMaS synchrotron facility, in Grenoble, France.




Co-author Dr James Byrne, Associate Professor of Earth Sciences, added: "Determining arsenic formation at the atomic level using X-ray absorption spectroscopy was crucial for confirming changes to the arsenic oxidation state. The synchrotron therefore played a pivotal role in supporting our findings, which have potentially broad implications for our understanding of water quality."

This work at University of Bristol was supported through a UK Research & Innovation (UKRI) Future Leaders Fellowship (FLF) awarded to Dr James Byrne. Further research is now needed to explore how these findings can be applied in real-world settings.

Dr Biswakarma said: "The whole research team worked tirelessly on this project, putting in 24/7 shifts including over Easter to conduct the experiments in France.

"I genuinely believe, with more work, we can find effective possible solutions and we're already making great inroads to overcoming this big global issue. We're excited to investigate how this process might work in different types of soils and groundwater systems, especially in areas where arsenic contamination is most severe."

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 advancing equitable and sustainable health, and driving forward social justice.
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Strategy to reduce the amount of propofol waste in the operating room | ScienceDaily
Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers at the University Hospital Bonn (UKB) and the University of Bonn have now shown that an alternative method reduces the amount of waste. Instead of a separate syringe for the induction and maintenance of anesthesia, the researchers were able to show that the use of a single syringe pump for the induction and maintenance of anesthesia is more sustainable: propofol waste could be reduced by between 30 and 50 percent. The study has now been published in the British Journal of Anaesthesia.


						
In times of climate change, hospitals also need to develop sustainable strategies for the protection of resources. Anesthesiology and intensive care medicine are among the most resource- and energy-intensive areas: they generate a significant proportion of hospital and medication waste, which must be disposed of properly. "Propofol is a leader in terms of medication waste," explains Prof. Dr. Mark Coburn, Director of the Department of Anesthesiology and Operative Intensive Care Medicine (KAI) at the UKB, who also conducts research at the University of Bonn. The anesthetic is used to induce and maintain anesthesia. It is routinely injected in the operating room first with a syringe to induce anesthesia and, after the patient has fallen asleep, a continuous infusion often follows via a separate automatic syringe pump. The problem: "In some institutions, up to 45 percent of all medication waste in the operating room is propofol," emphasizes Dr. Florian Windler, a KAI assistant physician at the UKB. In addition, a quarter of the anesthetic prepared remains unused or underused at the end of the operation and goes to waste.

Is a single syringe pump more ecological?

A research team in Bonn has now investigated whether the use of a single syringe pump for both induction and maintenance of anesthesia instead of a separate syringe for induction reduces propofol waste. Anesthetists already use this method. There are no known disadvantages for patient safety as a result of this procedure. However, the researchers analyzed whether it is really more environmentally friendly by examining propofol consumption and waste in the anesthesia protocols of over 300 surgeries performed between June 2021 and June 2023. They compared the procedures using the conventional method with those using the alternative with only one syringe pump. They also examined whether the propofol discard between the two methods varied in relation to clinical data such as the age, weight and gender of the patients, as well as their alcohol and drug consumption.

The results showed that "on average, around 30 percent less propofol was discarded per operation when anesthesia was administered using a single syringe pump," says first and corresponding author Dr. Windler. For procedures lasting between 20 and 100 minutes, this procedure without a separate syringe for the anesthesia even resulted in up to almost 50 percent less propofol waste. Patient's age, gender, weight or pre-existing conditions had no influence on the waste in the operating room. The situation was different for patients who consumed alcohol or other substances on a regular basis. These patients usually require more anesthetic during surgery. The waste in these patients was increased. "Interestingly, this only occurred when we administered an additional syringe. The effect is not visible when using the syringe pump, but rather reduces waste by up to 49 percent," adds co-author Prof. Coburn.

A greener approach to anesthesia in the future

"Our analysis indicates that the use of a single syringe pump for both induction and maintenance of anesthesia is the best option overall," Dr. Windler concludes from the results. The method could therefore actually represent a more sustainable method. In addition, this also has an economic effect: if the procedure is used 10 to 15 times a day, around 1,300 of the frequently used 20-milliliter vials of propofol can be saved per year. "From an ecological as well as an economic point of view, the induction of anesthesia with a separate syringe should be reconsidered as the standard method," appeals Prof. Coburn. He initiated the Green Team at KAI at the UKB: "We want to put more emphasis on sustainability in the clinical focus," he explains. "The study on propofol waste shows how we can reduce the environmental impact of our work without compromising the quality of patient care."

Funding: The study was funded by the Sustainability Commission of the Medical Faculty of the University of Bonn and by the Department of Anesthesiology and Operative Intensive Care Medicine at the University Hospital Bonn.
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Using AI to measure prostate cancer lesions could aid diagnosis and treatment | ScienceDaily
Prostate cancer is the second most common cancer in men, and almost 300,000 individuals are diagnosed with it each year in the U.S. To develop a consistent method of estimating prostate cancer size, which can help clinicians more accurately make informed treatment decisions, Mass General Brigham researchers trained and validated an AI model based on MRI scans from more than 700 prostate cancer patients. The model was able to identify and demarcate the edges of 85% of the most radiologically aggressive prostate lesions.


						
Tumors with a larger volume, as estimated by the AI model, were associated with a higher risk of treatment failure and metastasis, independent of other factors that are normally used to estimate this risk. Furthermore, for patients who received radiation therapy, the tumor volume performed better than traditional risk stratification for predicting metastasis. Researchers believe the tool could be used to help clinicians understand a tumor's aggressiveness, to inform more personalized treatment plans, and to guide radiation therapy. The study is published in the journal Radiology. 

"Al-determined tumor volume has the potential to advance precision medicine for patients with prostate cancer by improving our ability to understand the aggressiveness of a patient's cancer and therefore recommend the most optimal treatment," said first author David D. Yang, MD, of the Department of Radiation Oncology at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system.

MRI has improved the ability for clinicians to diagnose prostate cancer and is a routine part of diagnosis and treatment. While human clinicians can estimate tumor size based on MRI images, these estimates are somewhat subjective and can vary from person-to-person.

To develop a more consistent method of estimating tumor size, the researchers trained an AI model based on MRI images of prostate cancer tumors from 732 patients undergoing treatment at a single center. They then investigated whether the AI model's size estimates were associated with treatment success in the 5-to-10 years following diagnosis.

They showed that the AI model was able to locate and measure around 85% of prostate tumors that had a PI-RADS (Prostate Imaging Reporting and Data System) 5 score within the patient cohort. The score indicates a very high risk of clinically significant prostate cancer. The model's size estimates also showed potential as a prognostic marker: larger tumors were associated with higher risk that prostate cancer would come back, as measured by blood levels of prostate-specific antigen (PSA), or metastasize, both for patients who were treated surgically or with radiation therapy.

"The AI measurement itself can tell us something additional in terms of patient outcomes," said senior author Martin King, MD, PhD, of the Department of Radiation Oncology at the Brigham. "For patients, this can really tell them something about what are the chances of cure, and the likelihood that their cancer will reoccur or metastasize in the future."

In addition to helping clinicians and patients understand their cancer's aggressiveness, the AI model could also help guide radiation oncologists by pinpointing the tumor's focal region for more targeted treatment. It's also a much faster test compared to currently used methods of predicting prostate cancer aggressiveness, which usually take two weeks or longer to yield results. AI-informed testing could mean that patients can begin treatment sooner.




Cancer research is a foundational pillar in the care Mass General Brigham provides to patients. Research, along with the power of the system's strengths in innovation, education and community engagement, allows Mass General Brigham Cancer to deliver integrated cancer care for all, putting health equity at the center of that support. The vision is to provide a comprehensive, integrated and research-informed approach to cancer care, helping patients navigate their entire journey of care, from prevention and early detection to treatment and survivorship.

Looking ahead, the researchers are planning to test their model with a larger, multi-institutional dataset.

"We want to validate our findings, using other institutions and patient cohorts with different disease characteristics, to make sure that this approach is generalizable to all patients," said Yang.
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Ancient gene influences immunity of First Nations Peoples of Oceania | ScienceDaily
An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study by scientists at the University of Colorado Anschutz Medical Campus.


						
"We found quite a diverse set of genes in this population but there was one allele that really stood out in terms of genetic composition," said the study's lead author Paul Norman, PhD, professor of biomedical informatics at the University of Colorado School of Medicine. "We did some investigating, and we suspect this allele to be of archaic human origin."

The study was published today in the journal Cell in collaboration with researchers from Australia, Papua New Guinea, Mexico and the United Kingdom.

The researchers traced the allele, a variant of a gene that arises from a mutation, to the `archaic people' or Denisovans who diverged from modern humans before eventually going extinct. Scientists believe the First Nations inhabitants of Australia, New Guinea, American Samoa, New Caledonia, the Solomon Islands and other parts of Oceania encountered and interbred with Denisovans after leaving Africa and traveling through Europe and Eurasia. That's where researchers believe they picked up the allele.

It's known as KIR3DLI*114 and the study said it is widespread and unique to Oceania as an allele derived from these archaic people. They suspect it may affect the body's immune response to infection, among factors accounting for the severity and poor outcomes of infectious diseases among First Nations peoples across Oceania.

"Likely following emigration out of Africa, present day First Nations Oceanians diverged from Eurasians," the study said. "Subsequent admixture with archaic humans introduced new genetic material, having major impact on genes of the immune system."

The scientists studied the immunogenic composition of this group and identified `a unique and divergent form of KIR3DL1' with characteristics of archaic human genetic sequences. Then they investigated the origin, distribution and functions of the allele to determine if it impacted the course of natural killer (NK) cell-driven immunity across Oceania.




Norman said the allele likely offered immuno-protection at some point but now may make First Nations peoples more susceptible to certain infectious diseases and other ailments.

"It must have had a protective quality once and we want to see what that is," he said.

The study found up to 30% of First Nations individuals in Oceania carry this allele or about five million people.

The implications are wide-ranging for innate and adaptive immunity, autoimmunity, cancer, immunotherapy and neurological disease. The study shows the direct impact of archaic genetics on First Nations peoples of Oceania.

"This is the first real demonstration of a really clear function of one of these archaic genes," Norman said. "The bigger picture is that we are using these methods to study these populations with the goal of addressing health disparities today and treating diseases across the populations."

Norman noted that this real-world study represents "our comprehensive collaboration with immunologists and infectious disease experts from the University of Melbourne Australia and Oxford, UK, structural biologists from Monash University, and indigenous health researchers from Charles Darwin and Queensland Universities in Australia. We are very grateful to all the participants for their contribution to this unique study."
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Scientists develop tool to predict sepsis in apparently healthy newborns | ScienceDaily
A genetic signature in newborns can predict neonatal sepsis before symptoms even start to show, according to a new study.


						
The study, led by UBC and SFU researchers in collaboration with the Medical Research Council (MRC) Unit The Gambia, has the potential to help healthcare workers diagnose babies earlier, including in lower- and middle-income countries (LMICs) where neonatal sepsis is of particular concern. The research, published today in eBiomedicine, is funded by the National Institutes of Health and the Canadian Institutes of Health Research.

"Neonatal sepsis is caused by the body's irregular response to a severe infection that occurs within the first 28 days of life. Globally, it affects around 1.3 million babies annually, and unfortunately, in LMICs, those rates are higher," said first author Andy An, a UBC MD/PhD student who completed the research as a doctoral student in the department of microbiology and immunology. "Even when treatment is successful, sepsis can have lifelong effects because it can lead to developmental delay in children, imposing cognitive deficits and long-term health issues. By recognizing it as early as possible, we can treat infants promptly and ideally, head off these harms."

Neonatal sepsis causes an estimated 200,000 deaths worldwide each year, with the highest rates in LMICs. In Canada, the risk is lower at about one in 200 live births, but higher in prematurely born babies.

Rolling the dice on health

Diagnosing sepsis is challenging for doctors and families. The symptoms can look like many other illnesses, and tests to check if sepsis is present can take several days, aren't always accurate, and are largely only available in hospitals. The uncertainty can delay urgent treatment with antibiotics.

"Knowing that sepsis is impending would also allow physicians more time to determine the appropriate treatment to use," said co-senior author Dr. Bob Hancock, professor in the UBC department of microbiology and immunology. "The consequences of neonatal sepsis are so severe in the most vulnerable individuals that providing an early diagnosis to assist and guide physicians could save lives."

Equitable access to healthcare




The researchers participated in a large study in The Gambia where blood samples were taken from 720 infants at birth. Out of this cohort, 15 babies developed early-onset sepsis.

The researchers used machine learning to map the expression of genes active at birth, in search of biological markers that could predict sepsis.

"We found four genes that, when combined in a 'signature', could accurately predict sepsis in newborns nine times out of 10," said co-senior author Dr. Amy Lee, assistant professor in the SFU department of molecular biology and biochemistry. "This was a unique opportunity where samples were available from all babies in this cohort on the day of birth, meaning we could study the genes expressed in the sepsis babies before they got sick. Most other studies have only published markers that were present when the babies were already ill, and this would therefore not be a predictive signature."

"The early recognition of sepsis is vital for infants' survival, and identifying markers that might allow us to 'predict' babies at particular risk would be an enormous advantage, since we could then target specific surveillance and treatment of such infants," said Dr. Beate Kampmann, who led the clinical component of the study at the MRC Unit in The Gambia.

The researchers hope the signature will one day be incorporated not only into PCR tests in hospitals, but also in portable, point-of-care devices.

"There are point-of-care devices available that can test for gene expression, for instance, COVID-19 and influenza, with a single drop of blood. They can operate anywhere with a power source including batteries and can be used by anyone, not just trained healthcare providers," Dr. Hancock. "These portable devices could be retooled to recognize this 'signature' relatively easily and inexpensively."

The next step for the research would involve a large prospective study to show the signature is successful at predicting sepsis in other populations and prove its methodology, and then the development of point-of-care tools for approval by relevant government bodies.
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AI in healthcare: New research shows promise and limitations of physicians working with GPT-4 for decision making | ScienceDaily

The study was conducted with 50 U.S.-licensed physicians in family medicine, internal medicine and emergency medicine. The research team found that the availability of GPT-4 to physicians as a diagnostic aid did not significantly improve clinical reasoning compared to conventional resources. Other key findings include:
    	GPT-4 alone demonstrated significantly better scores in diagnostic performance, surpassing the performance of clinicians using conventional diagnostic online resources and clinicians assisted by GPT-4.
    	There was no significant enhancement in diagnostic performance with the addition of GPT-4 when assessing clinicians using GPT-4 against clinicians using conventional diagnostic resources.

"The field of AI is expanding rapidly and impacting our lives inside and outside of medicine. It is important that we study these tools and understand how we best use them to improve the care we provide as well as the experience of providing it," said Andrew Olson, MD, a professor at the U of M Medical School and hospitalist with M Health Fairview. "This study suggests that there are opportunities for further improvement in physician-AI collaboration in clinical practice."

These results underline the complexity of integrating AI into clinical practice. While GPT-4 alone showed promising results, the integration of GPT-4 as a diagnostic aid alongside clinicians did not significantly outperform the use of conventional diagnostic resources. This suggests a nuanced potential for AI in healthcare, emphasizing the importance of further exploration into how AI can best support clinical practice. Further, more studies are needed to understand how clinicians should be trained to use these tools.

The four collaborating institutions have launched a bi-coastal AI evaluation network -- known as ARiSE -- to further evaluate GenAI outputs in healthcare.

Funding for this research was provided by the Gordon and Betty Moore Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028164534.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Age assurance online needs to be child-rights respecting, new study says | ScienceDaily
A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online-a new study says.


						
Experts found many current age assurance methods -- especially self-declaration -- provide far too low a level of age assurance to meet legal obligations in traditional and relatively new legislation such as the Digital Services Act and the UK Online Safety Act 2023.

The research says so far age assurance has often been ineffective in protecting children from online harm and it risks their privacy and harms their civil rights.

Age assurance measures are often poorly implemented, exposing children to inappropriate content, harmful products and services, and depriving them of the high level of data protection mandated by the GDPR.

Legal age restrictions in some form have existed for a long time concerning children's ability to access content, goods and services. The advent of the internet has raised several challenges for child protection as well as children's rights.

The study says it is important to restrict children's access to inappropriate content, goods and services, but also important that higher levels of protection do not lead to children being excluded from digital services of value to them.

Age assurance is an umbrella term used to describe methods that estimate or verify someone's age. Researchers call for a "child rights" approach, which requires that children should be consulted on safety and privacy measures, and all measures should be subject to robust evaluation. They identified serious child rights concerns in relation to protection, discrimination, privacy, the right to be heard, other civil rights and freedoms, and remedy.




Age assurance should include privacy-by-design and safety-by-design, to ensure children can enjoy age-appropriate digital opportunities as well as protections.

The European Commission-funded study, by Sonia Livingstone and Mariya Stoilova, from the London School of Economics and Political Science, Abhilash Nair, from the University of Exeter, Simone van der Hof, from Leiden University and Cansu Caglar, from Queen Mary University of London is published in the International Journal of Child Rights.

Researchers examined the legal requirements for age assurance in Europe for online content, online sale of alcohol & tobacco and online gambling, assessed compliance by companies, and analysed the consequences for family life.

They found a lack of clear guidelines from regulators as to how appropriate measures can be implemented in practice could leave both service providers and users with considerable uncertainty. Most specific age restrictions set by providers represent a business decision to exclude children rather than invest in designing services appropriate for them.

Professor Nair said: "We found there is a myriad of legislation across the EU that require age checks, but without appropriate age assurance mechanisms in place many of those laws have not been meaningfully enforced. There is now a renewed interest in age assurance, and it is important that we get it right this time so that age assurance tools can serve as a useful tool to achieve compliance with the laws but at the same time are rights respecting for all, and particularly for children."

Professor Livingstone said: "Digital services can make a hugely important contribution to children's development and should therefore be accessible to them. The threshold for age-based restrictions should be set according to whether, on balance, content, services or products are potentially harmful to children or certain age groups of children, bearing in mind all their rights."

Professor van der Hof said: "Although age assurance is the responsibility of digital service providers, they seem to shift the responsibility from digital service providers to children and parents by expecting them to provide the correct age or date of birth at registration. When children do use digital services below the minimum age set by providers, they find themselves using services that do not consider their safety specifically and may therefore not be age appropriate.




The study says children's right to be heard means that they should be meaningfully involved in the design and development of assurance and consent mechanisms and must be provided with easy access to make complaints when their rights are not observed or get support in using age assurance:

Experts found age assurance is only partially trusted, though this might be improved by setting standards for the efficacy of age assurance and age restrictions, combined with certification schemes as a statutory requirement for providing age-restricted content.

Researchers analysedexisting laws and regulations relevant to mandatory age assurance applicable to online content, online gambling and the online sale of alcohol and tobacco in the EU and UK. They also carried out a review of methods in the EU for obtaining parental consent and maintaining children's rights. They also reviewed the evidence on age assurance and parental control tools from the perspective of children and families.
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RSV vaccines effective, but more people need to get them | ScienceDaily
Since their introduction last year, researchers have been monitoring the real-world impact of the new respiratory syncytial virus (RSV) vaccines. In a recent commentary in The Lancet, Angela Branche, MD, an infectious diseases researcher at the University of Rochester Medical Center (URMC), details what has been learned during the vaccine's first season.


						
"The evidence is clear; individuals should get vaccinated if they have conditions that place them at risk for severe disease. For older adults and those with chronic conditions, RSV should be considered as serious as the flu, and they should get vaccinated," said Branche.

RSV is a significant cause of severe respiratory illness among older adults, especially those with underlying health conditions. Worldwide, RSV causes millions of infections, hundreds of thousands of hospitalizations, and tens of thousands of deaths annually in adults aged 60 and older. In the US, adults over 65 experience high rates of RSV-related hospital visits, intensive care unit admissions, and deaths. Older people with RSV are at higher risk of severe illness compared to those with influenza or COVID.

Vaccines Protect Against Severe Symptoms and Keep People Out of the Hospital

In 2023, the FDA approved three RSV vaccines for older adults. Studies have shown these vaccines to be effective, with the Pfizer, GSK, and Moderna vaccines preventing RSV pneumonia and bronchitis in more than 80 percent of participants.

A recent study published in The Lancet assessed the effectiveness of RSV vaccines using data from a large electronic health record network involving the Centers for Disease Control and Prevention (CDC) and multiple US healthcare systems. The study found that RSV vaccines were 80 percent effective in preventing hospitalization, ICU admission, and death among adults aged 60 and older. Vaccine effectiveness was consistent across age groups, including those 75 and older, and among immunocompromised individuals. The study did not find evidence of waning vaccine protection within the season.

However, the uptake of the RSV vaccine in the 2023-2024 winter season was low. An estimated 24 percent of US adults aged 60 years and older received the vaccine, compared to influenza vaccination rates, which approach 50 percent each year for the same group. "Providers were not sure how to apply the shared clinical decision-making recommendations in the first season, and there remains a general lack of knowledge among the medical community and the public on what constitutes a risk for severe disease and who needs to be protected," said Branche.




Boosting Rates and Better Vaccines

Based on these findings, the US Advisory Committee on Immunization Practices (ACIP), a group of medical and public health experts that advises the CDC, updated guidelines in June 2024 to recommend RSV vaccination for all adults aged 75 and older, those 60 and older in long-term care facilities or with chronic and high-risk health conditions.

"This new data enabled the ACIP to make more definitive recommendations, which will build public confidence in the effectiveness of these vaccines and make implementation a lot easier for providers and pharmacies," said Branche.

New research shows that vaccines that target multiple strains of the RSV virus, called bivalent vaccines, may provide longer protection. URMC infectious disease experts Edward Walsh, MD, and Ann Falsey, MD, helped lead an international study of a bivalent RSV vaccine developed by Pfizer, the results of which were recently detailed in the New England Journal of Medicine. The vaccine effectively prevented severe RSV-related lower respiratory tract illnesses over two RSV seasons, with an overall efficacy of more than 80 percent. The experimental vaccine was particularly effective in individuals aged 60-79.
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Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein | ScienceDaily
Humans aren't the only ones who grow forgetful as they age -- fruit flies do, too. But because fruit flies have a lifespan of only about two months, they can be a useful model for understanding the cognitive decline that comes with aging.


						
A new study published in Nature Communications shows that when a common cell structural protein called filamentous actin, or F-actin, builds up in the brain, it inhibits a key process that removes unnecessary or dysfunctional components within cells, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few specific genes in aging fruit flies' neurons, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

Actin, a family of proteins that help give cells their shape, are abundant throughout the body. F-actin forms filaments that are essential for maintaining cell structure and many other functions. The researchers, led by former postdoctoral scholar Edward (Ted) Schmid in David Walker's lab, noticed F-actin buildup in the brains of aging fruit flies and wondered if it contributed to brain aging and overall loss of organismal health.

Their first clue of a correlation: Flies on a restricted diet both lived longer and had less F-actin buildup in their brains. Their second clue: When treated with a drug known to extend lifespan, called rapamycin, there was also less F-actin in the brains of aged flies.

"But that's correlation, not a direct demonstration that F-actin is detrimental to aging of the brain," said Walker, senior author and UCLA professor of integrative biology and physiology. "To get at causality, we turned to genetics."

Because the fruit fly genome is thoroughly mapped and understood, the group was able to target in aging fruit flies genes that are known to play important roles in the accumulation of actin filaments. That included a gene called Fhos, a member of a family of proteins known to elongate and organize actin filaments.

"When we reduced Fhos expression in aging neurons, it prevented the accumulation of F-actin in the brain," said Schmid, now an investigator at the Arkansas Biosciences Institute and assistant professor at Arkansas State University. "This really allowed us to expand our study because now, we had a direct way to target F-actin accumulation in the brain and study how it affects the aging process."

Even though the genetic intervention was targeted to just neurons, it improved the flies' overall health. They lived 25-30% longer, while showing signs of improved brain function as well as markers of improved health in other organ systems. Preventing F-actin accumulation protected cognitive function, which shows the buildup is driving age-onset cognitive decline.




"Flies get more forgetful as they age, and their ability to learn and remember declines in middle age, just like it does in people," Walker said. "If we prevent accumulation of F-actin, it helps the flies learn and remember when older -- which tells us the buildup is not benign."

Further investigation showed the F-actin was interfering with the body's "cellular garbage disposal system." Damaged or superfluous proteins and other components inside a cell are broken down in a process called "autophagy." Aging research has established that autophagy pathways become less active with age, but no one knew exactly why.

The new study shows that preventing F-actin accumulation led to much more active autophagy in the brains of aged fruit flies. The authors found that if they removed F-actin but also disabled autophagy, it did not slow aging: The primary mechanism by which F-actin drives brain aging appears to be by impairing autophagy. The researchers also showed that disrupting F-actin in aged brains can restore brain autophagy to youthful levels and reverse certain cellular makers of brain aging.

These findings may be good news for the elderly fruit flies with reduced F-actin in their brains. But it has not yet been demonstrated in humans, and developing interventions to prevent F-actin accumulation might prove more challenging. Still, the discovery directs researchers in a fruitful new direction for healthier aging in people.

"Most of us in the aging field are focused on moving beyond lifespan into what we call the healthspan," said Walker. "We want to help people enjoy good health and a high quality of life while extending the lifespan. Our study improved cognitive and gut function, activity level, and overall healthspan of fruit flies -- and offers hope for what we might be able to achieve in humans."

The research was funded by the National Institutes of Health's National Institute on Aging.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028164423.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study refines understanding of kidney transplant rejection | ScienceDaily
Rutgers Health researchers and other medical scientists involved in a large international study have identified new signs of kidney transplant rejection that could lead to more precise diagnosis and treatment for transplant recipients.


						
The research, published in The New England Journal of Medicine, examined more than 16,000 kidney transplant biopsies and found that certain results previously thought to be of questionable significance actually indicate an increased risk of transplant failure.

"This study reveals that inflammation in even the smaller blood vessels around the kidneys predicts trouble down the road," said Vikas Dharnidharka, the chair of pediatrics at Rutgers Robert Wood Johnson Medical School and one of the study authors.

Transplantation typically provides patients with nonworking kidneys longer and better lives than dialysis, but many transplants fail because patient bodies reject the new organ and direct their immune systems against it.

Doctors reduce rejection risk by giving transplant patients medications that suppress their immune systems. They adjust medication levels by using blood tests and biopsies to monitor transplanted kidneys.

Post-transplant treatment is a delicate balance between protecting the transplanted organ from immune system attack and protecting the patient against infectious diseases that attack an overly suppressed immune system.

"If you try to treat a rejection with stronger immunosuppression medicines, you run the risk of life-threatening infections occurring," Dharnidharka said. "So, it's not a trivial decision that we make because there is a risk involved."

The study examined kidney biopsies performed between 2004 and 2023 at more than 30 transplant centers in Europe and North America. Researchers used the latest criteria from the Banff Classification, an international standard for diagnosing transplant rejection, to categorize the biopsy results.




A key focus was on microvascular inflammation -- damage to the small blood vessels in the transplanted kidney. The 2022 update to the Banff Classification added two new categories related to this type of inflammation. The first, called "microvascular inflammation/injury, DSA-negative, C4d-negative," or MVI, describes inflammation without other typical signs of antibody-mediated rejection. The second, "probable antibody-mediated rejection," indicates milder inflammation with some antibody presence.

The study asked whether these new categories provide useful information about likely outcomes for transplant patients. The answer was a resounding "yes."

The researchers found 503 of 16,293 biopsies in the MVI category and 285 in the probable antibody-mediated rejection category. Previous classification criteria would have labeled these as nonrejections, but the latest study tied such results to elevated rejection risk.

Patients with MVI had more than twice the five-year graft-failure risk as patients with no signs of rejection. Patients with antibody-mediated rejection were nearly three times as likely to experience graft failure than patients with no signs of rejection.

The study also found patients with these newly categorized types of inflammation were at higher risk of developing more severe rejection or chronic kidney damage over time.

Such results strongly validate the diagnostic utility of the new classification and pave the way for future trials that improve care for patients who fall into them.




"These data indicate that we should be treating patients who fall into these categories differently," said Dharnidharka, who is also physician-in-chief of the Bristol-Myers Squibb Children's Hospital at Robert Wood Johnson University Hospital. "What is the right treatment? How much is the right treatment? We should be doing tests that compare different strategies."

Clinical trials comparing different treatment approaches for these inflammation types would likely start with adult patients before expanding to pediatric transplant recipients, said Dharnidharka, who specializes in pediatric cases. Kidney failure is much more common in adults than children, so it is easier to recruit large numbers of adult patients for large research projects.

Looking forward, the implications of the study's findings may extend beyond kidney transplants to those of hearts, lungs and other organs, where similar types of inflammation may occur. About 25,000 Americans receive kidney transplants each year, while another 20,000 receive transplants of other organs.
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Cellular couriers: Body's 'delivery trucks' could lead to new cancer blood test | ScienceDaily
A landmark study led by WEHI and La Trobe University has found a potential new diagnostic marker that could be used to better detect the level of tissue damage in our bodies.


						
Extracellular vesicles (EVs) are small 'delivery trucks' released by our cells that deliver important materials to other cells to aid cellular communication. This study revealed, for the first time, a link between levels of EVs in the blood and tissue damage caused by diseases such as leukaemia.

Researchers hope to leverage the critical new insight to develop a blood test to monitor cancer patients with tissue damage, which could, in future, enhance treatment strategies for blood cancers and other diseases.

 At a glance
    	    Landmark study shows, for the first time, a link between extracellular vesicles (EVs) and blood vessel damage caused by blood cancers in animal models.
    
    	    The world-first study observed EVs inside the bone marrow of live mice for the first time, and found that monitoring the levels of EVs in the blood could provide direct insight into the level of tissue damage -- critical information that may inform ways to better detect and treat diseases.
    
    	    The findings are being leveraged to determine whether EVs can be used as a biomarker in patients with acute myeloid leukemia (AML) to help determine the extent of disease and whether it has spread to nearby organs.
    




Extracellular vesicles (EVs) are like small delivery trucks that are dispatched by our cells to distribute important materials like proteins, fats and genetic information to other cells.

This delivery system helps cells communicate with each other, especially when they are under stress or dying.

Research into how EVs form and their link to disease progression is challenging because of their small size, with most studies restricted to a 'cells-in-a-dish' approach.

In an unprecedented study, researchers were able to overcome this significant barrier by imaging live EVs inside the bone marrow of mice.

First author and WEHI cell biologist, Dr Georgia Atkin-Smith, said the team used high-resolution microscopy that can see directly inside the bone marrow of live organisms to capture the formation of EVs from blood vessels.

"No other study in the world has been able to achieve this so it's a huge win for Australia's scientific community," Dr Atkin-Smith said.




"In this study, we've shown that the development of leukemia can degrade healthy blood vessels in the bone marrow. Mice with extensive blood vessel damage in their bone marrow had elevated levels of EVs in their blood, while healthy mice did not.

"This revealed -- for the first time -- that there is a link between EVs in the blood and tissue damage during cancer.

The potential link between EVs and blood vessel damage was first hypothesised in 2018 by senior author and WEHI Laboratory Head, Associate Professor Edwin Hawkins, who is an expert in 'in vivo imaging' -- techniques that allow researchers to see inside living organisms.

"To have seen how the process of EV formation occurs with our own eyes after four years of research was an incredible moment," Dr Atkin-Smith said.

"Pictures tell a thousand words, and these ones have significantly advanced our understanding into EVs by showing how they form under both healthy settings and during disease.

"This has not only developed a new framework to study the formation of EVs in model organisms, but could inform new diagnostic tools to monitor the level of tissue damage observed during disease through a simple blood test. It's an incredibly exciting advancement."

EV biology: From fish to mice to humans

The study involved a significant collaboration with Professor Ivan Poon, Director of the La Trobe Research Centre for Extracellular Vesicles (RCEV) -- the largest group of EV researchers in the Southern Hemisphere.

La Trobe PhD candidate and second author, Jascinta Santavanond, has been developing world-class imaging techniques to study cell death and zebrafish biology.

"This study is a testament to what can be achieved through scientific collaboration," she said.

"By working together, we have validated our results in fish, mice and human samples, truly highlighting the impact of the research."

The WEHI research team is now assessing whether EVs can be used as a biomarker in acute myeloid leukemia (AML) patients, through a collaboration with the Peter MacCallum Cancer Centre (Peter Mac). They hope to develop new tools and techniques that would allow clinicians to determine the impact of disease on healthy tissue, and assess the disease progression by analysing patient samples.

The study, published in Nature Communications, also involved collaborations with the University of Melbourne, The Florey, Olivia Newton-John Cancer Research Institute, Peter Mac and Monash University.

The research was supported by the National Health and Medical Research Council, Australian Research Council, CASS Foundation, Jack Brockhoff Foundation, L'Oreal UNESCO For Women in Science, Victorian Cancer Agency, a Sir Clive McPherson Family Fellowship and a Rae Foundation grant.
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Enhancing the accuracy of wearables that measure blood glucose levels | ScienceDaily
Diabetes is an increasingly pervasive disease, currently affecting over 500 million adults worldwide. Since there is as yet no cure for type 1 or type 2 diabetes, patients must regularly monitor their BGLs to keep them in check. Though BGL-measuring devices relying on painful finger pricks have been the gold standard for decades, modern technology is slowly opening doors to better alternatives.


						
Many researchers have proposed noninvasive methods to monitor BGLs using widely available wearable devices, such as smartwatches. For example, by placing the LEDs and photodetectors present in certain smartwatches against the skin, oxyhemoglobin and hemoglobin pulse signals can be measured to calculate a metabolic index, from which BGLs can be estimated. However, given the small size and limited power of smartwatches and similar wearables, the data quality of the measured signals tends to be quite low. Moreover, as these devices are worn on extremities, daily movements introduce measurement errors. These problems limit the accuracy and clinical applicability of such wearables for diabetes management.

A team from Hamamatsu Photonics K.K., Japan, has been actively researching this issue, looking for effective solutions. In a recent study led by Research and Development Engineer Tomoya Nakazawa, published in the Journal of Biomedical Optics (JBO), they conducted an in-depth theoretical analysis of the sources of errors in the metabolic-index-based method. Based on this analysis, they implemented a novel signal quality index to filter out low-quality data as a preprocessing step and thereby enhance the accuracy of estimated BGLs.

"As smartwatches are widely adopted across different regions and age groups, and with the global rise in diabetes cases, a signal quality enhancing method that is easy to implement and apply regardless of personal and individual differences is absolutely essential for meeting the increasing worldwide demand for noninvasive glucose monitoring devices," remarks Nakazawa, explaining the motivation behind the study.

First, the researchers mathematically showed that discrepancy between the two types of phase delays in the oxyhemoglobin and hemoglobin pulse signal calculated by different methods provides a good measure of the influence of noise. They then considered two main sources of phase error, namely, a background noise level and the estimation errors introduced via sampling at discrete intervals. After formalizing these sources of errors, they calculated the effect on the estimated metabolic index.

The proposed screening approach involves implementing thresholds for the phase estimation and metabolic index errors. Data chunks that exceed the set thresholds are discarded, and the missing values are approximated using other means based on the rest of the data.

To test this strategy, the researchers conducted a long-term experiment in which the sensors in a commercial smartwatch were used to monitor the BGLs of a healthy individual during "oral challenges." In each of the 30 tests conducted over four months, the subject would fast for two hours before consuming high-glucose foods. Their BGLs were measured using the smartwatch and a commercial continuous glucose monitoring sensor, the latter of which was used to capture the reference values.

Notably, preprocessing the data with the proposed screening method led to a notable increase in accuracy. Using the Parkes error grid technique to categorize measurement errors, a substantially higher percentage of data points ended up in Zone A when screening was applied. This refers to clinically accurate values that would lead to correct treatment decisions. "Adopting the screening process improved BGL estimation accuracy in our smartwatch-based prototype," remarks Nakazawa, "Our technique could facilitate the integration of wearable and continuous BGL monitoring into devices such as smartwatches and smart rings, which are typically constrained in terms of size and signal quality," he adds, highlighting the impact of the research work.

The research team also noted some of the current limitations of smartwatches that lead to inferior performance compared to smartphone camera-based techniques. Though the proposed method could certainly help enhance the performance of the former, hardware improvements in the photodetector and amplifier circuits could go a long way to make wearable electronics a more attractive and clinically acceptable option to monitor BGLs.

Further research in this area will help provide patients with diabetes with powerful tools so that they can manage their condition better, leading to a higher quality of life.
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Developing kidneys from scratch | ScienceDaily
To Alex Hughes, Assistant Professor in Bioengineering within Penn Engineering and in Cell and Developmental Biology within Penn Medicine, the kidney is a work of art. "I find the development of the kidney to be a really beautiful process," says Hughes.


						
Most people only ever see the organ in cross-section, through textbooks or by dissecting animal kidneys in high school biology class: a bean-shaped slice with lots of tiny tubes. "I think that really undersells how amazing the structure is," says Hughes, who points out that kidneys grow in utero like forests of pipes, branching exponentially.

The Rhythm of the Kidneys

Densely packed with tubules clustered in units known as nephrons, kidneys cleanse the blood, maintaining the body's fluid and electrolyte balance, while also regulating blood pressure. The organ played a crucial role in vertebrates emerging from the ocean: as one paper puts it, kidneys preserve the primordial ocean in all of us.

Unfortunately, kidneys struggle in the modern world. Excessively salty food, being overweight, not exercising enough, drinking too much and smoking can all raise blood pressure, which damages the kidney's tiny blood vessels, as does diabetes.

In some cases, damage to the kidney's nephrons can be slowed with lifestyle changes, but, unlike the liver, bones and skin, which can regrow damaged tissue, kidneys have a limited capacity to regenerate. At present, without a transplant, the nephrons we have at birth must last a lifetime.

The Burden of Chronic Kidney Disease

Today, one in ten people worldwide -- more than 850 million in all, including more than one in seven Americans -- suffers from chronic kidney disease, or CKD. The condition is hard to initially detect. According to the Centers for Disease Control, as many as 90% of Americans with CKD are completely unaware of the condition. The disease is also progressive and incurable. By 2040, CKD is expected to be the fifth-leading cause of years of life lost globally.




Eventually, CKD leads to kidney failure, at which point there are only two treatments: dialysis -- which costs tens of thousands of dollars per year, frequently causes pain and requires patients to spend hours each week hooked up to machines that filter the blood -- or kidney transplantation. The waiting list to receive a new kidney in the United States is roughly 100,000 people and three to five years long.

Even if everyone born today adopted healthier lifestyles, millions would still suffer from the disease. The most common prenatal developmental abnormalities involve the kidneys and urinary tract, impacting 2% of all births, or nearly three million babies each year. "There is a huge clinical burden of kidney disease," says Hughes. "And there are relatively few engineers trying to come up with new solutions."

To that end, the Hughes Lab focuses on elucidating the mechanisms behind kidney development and using those insights to create kidney tissue from scratch, which could reduce the need for both dialysis and transplantation. "I think there's just enormous opportunity to think about synthetically reconstituting kidney tissues for regenerative medicine," says Hughes.

Building without a Blueprint

To grow artificial kidneys, researchers like Hughes first need to understand how nature builds the organ. This is harder than it sounds. Everyone's heart and circulatory system look more or less the same, but no two pairs of kidneys are exactly alike.

Kidneys form as their tubules branch, a variable process that leads to some people's kidneys having nine times as many nephrons as others -- and potentially many more times the filtration power and lifespan. "There's a lot of variability in how many nephrons we have," Hughes points out, referring to the kidney's tiny, functional unit. "If you have fewer nephrons, does that mean that you have a higher chance of chronic kidney disease? The research seems to support this."

The mechanisms that govern that branching process and nephron formation have long been poorly understood. "It's like a city's water distribution network," says Hughes, "but it's being built by these cells that somehow collectively know what to build and where their neighbors are and what junctions to make, all without a blueprint."




In a recent paper in Nature Materials, Hughes and his lab discovered a potential governor of kidney growth: tiny mechanical stress waves, which occur when the kidney's densely packed tubules bump into one another. "Imagine being in an elevator and the elevator's packed with people already," says Hughes. "If you keep adding people, it will create this mechanical stress -- you'd literally be pushing people away with your elbows."

Hughes and his collaborators -- including co-first authors Louis Prahl, a postdoctoral scholar in the Hughes Lab, Jiageng Liu, a Bioengineering doctoral student, and John Viola, a Bioengineering Ph.D. graduate -- carefully analyzed microscopic images of developing animal kidneys at different times to determine their geometry and pressed on the organs with tiny tools to measure their rigidity. The more tightly packed the tubules, which increases over time, the stiffer the tissue. As tubule branching continues, they found that each additional branch caused a pulse of mechanical stress, which the team believes may constitute one of the signals for nephron formation.

Each tubule, Hughes' group concluded, essentially competes for space with its neighbors. In other words, there's no master plan the kidneys follow, helping to explain why the number of nephrons in mature kidneys differs from person to person. The finding suggests that kidney development is something like an improvised dance, with each tubule reacting to the touch of its neighbors.

In videos created by the Hughes Lab to visualize the process, adjacent nephrons form one after the other, as if they were following a beat. "It's still a hypothesis," adds Hughes, "but we think that the stem cells that are around these tubules are effectively listening for these mechanical stress waves to guide their decision making about when to form a nephron or when not to." If researchers can simulate that rhythm, they might be able to guide the development of artificial kidneys, which would represent a tremendous leap forward in treating CKD.

The Right Ingredients

At the moment, artificial kidney tissue -- in the form of clusters of cells known as organoids -- is far from clinical usefulness. Whereas normal kidneys involve an ordered collection of different cell types, organoids typically wind up as chaotic masses of cells in the wrong places. "You can create the right cell types," says Hughes, "but their spatial organization is incorrect for the most part."

Kidneys' spatial organization is crucial -- a water filtration plant can't work if the pipes don't line up. Unfortunately, the tubules in organoids typically display insufficient branching and fail to drain into a single exit point. In other words, they can't fulfill the kidney's most crucial functions: filtering waste from the blood and ensuring that waste exits the body. "There needs to be a lot of engineering innovation in how we guide those tissues to be more lifelike," says Hughes.

Part of the problem is that kidney organoids require at least three different types of stem cells: one for the tubules, one for the nephrons and one for support structures like blood vessels. Unlike, say, gut organoids, which model intestinal tissue and can be grown from a single type of stem cell, kidney organoids are inherently more complicated.

In a second recent paper, in Cell Systems, the Hughes Lab proposed a novel solution: create tiny communities of the various cell types, patterned in a mosaic. By adjusting the ratios of each stem cell type, the researchers were able to influence the composition of the organoid.

Hughes and his coauthors -- first author Catherine Porter and Samuel Grindel, both Bioengineering doctoral students, and Grace Qian, a 2023 Bioengineering graduate and current doctoral student at the University of California Berkeley and University of California San Francisco -- developed custom microwells, in which they grew a variety of different combinations of kidney stem cells, almost like bakers trying out different recipes.

As the ratios changed, the researchers noticed a "peak" in tubule formation, suggesting an optimal composition for growing kidney tissue, which they termed the "goldilocks" ratio. "If we change the ratio, we see quite different compositions of the organoid," says Hughes. "So you can treat these as designer organoids where you have control over the outcome."

From Lab to Clinic

Ultimately, Hughes hopes to combine these dual insights -- into the mechanical stress waves that influence kidney development, and the ratios that shape organoid formation -- into clinical applications. "You can imagine as these organoids are differentiating," he says, "you could simulate that rhythmic process and see if suddenly you can kick off a larger-scale outcome."

The urgency of developing alternatives to transplantation and dialysis is hard to overstate. At present rates, there will never be enough kidneys for transplantation. "I think that's a big gap that engineers can hope to fill," says Hughes. In his office, he keeps his great-grandfather's pocket watch, a reminder of how function and form go hand in hand when it comes to designing intricate mechanical objects. The watch still runs.

These studies were conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the National Science Foundation (DMR-2309043 and CAREER Awards 2339278 and 2047271) and National Institutes of Health National Institute of General Medical Sciences (R35GM133380), National Institute of Diabetes and Digestive and Kidney Diseases (R01DK132296), and Eunice Kennedy Shriver National Institute of Child Health and Human Development (K25HD097288 and R21HD112663).
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Alzheimer's research: Superspreader fibrils caught in the act | ScienceDaily
The treatment of dementia disorders such as Alzheimer's is still one of the greatest challenges facing modern medicine. In the course of neurodegenerative diseases, certain proteins such as the amyloid b protein accumulate in the brain. They are suspected of being linked to the development of the disease, which is why they are considered a promising target for therapeutic approaches.


						
It is already known that the misfolded proteins clump together to form fiber-like structures. However, it is not yet fully understood how these fibrils are formed. Now a team led by Empa researcher Peter Nirmalraj from Empa's Transport at Nanoscale Interfaces laboratory and scientists from the Irish University of Limerick have been able to show how the process takes place using a particularly powerful imaging technique. The special thing about it: Some of the nanometer-thin fibrils apparently ensure the spread of the disease in the brain tissue and are therefore referred to as "superspreaders." The researchers recently published their findings in the scientific journal Science Advances.

Toxic subspecies

This peculiar subspecies of protein fibrils caught the researchers' attention because of its unusual properties: The edges and the surfaces of the so-called superspreader fibrils show a particularly high catalytic activity. New protein building blocks accumulate at these highly active sites. As a result, new, long-chain fibrils form from these nucleation sites. The researchers assume that these second-generation fibrils eventually spread and form new aggregates in the brain.

The chemical composition of the misfolded amyloid b protein is known. The mechanism of how protein building blocks come together to form second-generation fibrils, as well as their shape and structure, was previously unclear. "Conventional methods, such as those based on staining techniques, could alter the morphology and adsorption site of the proteins so that they cannot be analyzed in their natural form," says Nirmalraj.

Unprecedented precision

The technique the Empa researcher used in this new study is different: The proteins are analyzed unchanged in a salt solution, which comes much closer to the natural conditions in the human body than is the case with conventional methods. With the high-resolution atomic force microscope, the fibrils, which are less than 10 nanometers thick, can be photographed with unprecedented precision at room temperature. The researchers were able to follow the process of fibril formation in real time, from the first moments to the following 250 hours. The analyses were then compared and supplemented with molecular model calculations. This allowed the fibrils to be classified into subpopulations such as "superspreader" based on their surface structures. "This work brings us another step closer to better understanding how these proteins spread in brain tissue of Alzheimer's disease ," says Empa researcher Nirmalraj. He hopes that this will ultimately lead to new ways to monitor disease progression and diagnostic procedures.

The study was funded by the "Dementia Research Switzerland -- Synapsis Foundation."
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Understanding how mutations affect diseases | ScienceDaily
The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic "needles in the haystack," yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia. A new study from the Institute of Science and Technology Austria (ISTA), published in PNAS, tackles this problem.


						
Many statistical models and algorithms used by scientists can be imagined as a "black box." These models are powerful tools that give accurate predictions, but their internal workings are not easily interpretable or understood. In an era dominated by deep learning, where an ever-increasing amount of data can be processed, Natalia Ruzickova, a physicist and PhD student at the Institute of Science and Technology Austria (ISTA), chose to take a step back. At least in the context of genomic data analysis.

Together with Michal Hledik, a recent ISTA graduate, and Professor Gasper Tkacik, Ruzickova now proposed a model that might help to analyze "polygenic diseases," where many regions in the genome contribute to a malfunction. Also, the model serves to understand why the identified genomic regions contribute to these diseases. They do so by combining state-of-the-art genome analysis with fundamental biology insights. The results are published in PNAS.

Decoding the human genome 

In 1990, the Human Genome Project was launched to fully decode the human DNA -- the genetic blueprint that defines humans. Fast-forward to 2003 when the project was completed, it paved the way for numerous breakthroughs in science, medicine, and technology. By deciphering the human genetic code, scientists were hopeful to learn more about diseases linked to specific mutations and variations in this genetic script. Given that the human genome comprises approximately 20,000 genes and even more base pairs -- the letters of the blueprint -- large statistical power became essential. This led to the development of so-called "genome-wide association studies" (GWAS).

GWAS approach the issue by identifying genetic variants potentially linked to organismal traits such as height. Importantly, they also include the propensity for various diseases. For this, the underlying statistical principle is quite straightforward: participants are divided into two groups -- healthy and sick individuals. Their DNA is then analyzed to detect variations -- changes in their genome -- that are more prominent in those affected by the disease.

An interplay of genes 

When genome-wide association studies emerged, scientists expected to find just a few mutations in known genes linked to a disease that would explain the difference between healthy and sick individuals. The truth, however, is much more complicated. "Sometimes, there are hundreds or thousands of mutations linked to a specific disease," says Ruzickova. "It was a surprising revelation and conflicted with the understanding of biology we had."




Individually, each mutation has a minimal impact or contribution to the risk of developing a disease. However, collectively, they can explain better, but not fully, why some individuals develop the disease. Such diseases are referred to as "polygenic." For example, type 2 diabetes is polygenic, because it cannot be attributed to a single gene; instead, it involves hundreds of mutations. Some of these mutations affect insulin production, insulin action, or glucose metabolism, while the majority are located in genomic regions not previously linked to diabetes or with unknown biological functions.

The omnigenic model 

In 2017, Evan A. Boyle and colleagues from Stanford University proposed a new conceptual framework called the "omnigenic model." They proposed an explanation for why so many genes contribute to diseases: cells possess regulatory networks that link genes with diverse functions.

"Since genes are interconnected, a mutation in one gene can impact other ones, as the mutational effect spreads through the regulatory network," Ruzickova explains. Due to these networks, many genes in the regulatory system end up contributing to a disease. However, until now, this model has not been formulated mathematically and has remained a conceptual hypothesis that was difficult to test. In their latest paper, Ruzickova and her colleagues introduce a new mathematical formalization based on the omnigenic model named the "quantitative omnigenic model" (QOM).

Combining statistics and biology 

To demonstrate the potential of the new model, they needed to apply the framework to a well-characterized biological system. They chose the common lab yeast model Saccharomyces cerevisiae, better known as the brewer's yeast or the baker's yeast. It is a single-cell eukaryote, meaning its cell structure is similar to that of complex organisms such as humans. "In yeast, we have a fairly good understanding of how regulatory networks that interconnect genes are structured," Ruzickova says.




Using their model, the scientists predicted gene expression levels -- the intensity of gene activity, indicating how much information from the DNA is actively utilized -- and how mutations spread through the yeast's regulatory network. The predictions were highly efficient: The model not only identified the relevant genes but could also clearly pinpoint which mutation most likely contributed to a specific outcome.

The puzzle pieces of polygenic diseases

The scientists' goal was not to outdo the standard GWAS in prediction performance, but rather to go in a different direction by making the model interpretable. Whereas a standard GWAS model works as a "black box," offering a statistical account of how frequently a particular mutation is linked to a disease, the new model also provides a chain-of-events causal mechanism how that mutation may lead to a disease.

In medicine, understanding the biological context and such causal pathways has huge implications for finding new therapeutic options. Although the model is currently far from any medical application, it shows potential, especially for learning more about polygenic diseases. "If you have enough knowledge about the regulatory networks, you could build similar models for other organisms as well. We looked at the gene expression in yeast, which is just the first step and proof of principle. Now that we understand what is possible, one can start thinking about applications to human genetics," says Ruzickova.
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Heart failure mortality declining in Sweden | ScienceDaily
A new study from Karolinska Institutet shows that heart failure mortality has decreased in Sweden over the last 20 years. The study has been published in the European Journal of Heart Failure.


						
A national study has shown that heart failure mortality has decreased in Sweden over the last two decades. Despite these improvements, the prognosis for heart failure patients remains worrying -- 25 percent of those diagnosed in 2022 died within a year.

"Our results suggest that advances in heart failure treatment over the past decades have reduced heart failure mortality, both at the population level and for individual patients. This is an encouraging message for the continued implementation of existing treatments, which are still underutilised, as well as for the development of new treatments," says senior author Gianluigi Savarese, Associate Professor of Cardiology at the Department of Medicine, Solna, Karolinska Institutet.

The study showed that the improvements were more marked in patients with heart failure with reduced left ventricular function, where several life-prolonging treatments have been developed in recent decades. For patients with heart failure and preserved left ventricular function, where evidence-based treatment options are limited, improvement was slower.

"These results show the great need for research into new treatments for patients with heart failure and preserved left ventricular function, who make up about half of the heart failure population," says the study's first author Felix Lindberg, postdoctoral fellow at the Department of Medicine, Solna, Karolinska Institutet and continues:

"But this study also gives hope that recent advances in heart failure treatment can continue to improve the quality of life and survival of heart failure patients in Sweden."

The next steps in the research include using the Swedish Heart Failure Registry to proactively identify patients with heart failure who need intensified treatment.

The study was funded by the Swedish Heart-Lung Foundation and has no reported conflicts of interest according to the researchers.
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Keeping fewer friends protects aging monkeys from diseases | ScienceDaily
Becoming less sociable protects older monkeys from getting ill, new research shows.


						
Many animals, including humans, are known to experience "social ageing" -- reductions in their number of social connections as they get older. But why this happens remains a mystery.

The new study, led by the universities of Exeter and Edinburgh, used long-term data on rhesus macaques on Cayo Santiago -- known as Monkey Island.

They found that older macaques are likely to suffer less from infectious disease, mostly because of their smaller social networks.

The study is published as part of a special issue of Philosophical Transactions of the Royal Society B, guest edited by Professor Lauren Brent from the University of Exeter.

"Social ties bring huge benefits to a vast range of species -- but sociality also comes with costs, including infectious disease risk," said Dr Erin Siracusa, from Exeter's Centre for Research in Animal Behaviour.

"This cost-benefit ratio can change across individuals' lifespans, which may drive changes in social behaviour.




"Older individuals may be more susceptible to diseases -- but once we accounted for that in our data, we found that older macaques suffered lower infection costs than their younger counterparts.

"Our findings suggest a powerful reason why many animals, including humans, might reduce their social connections as they age."

The benefits macaques gained from social ageing depended on the diseases in question.

Unsurprisingly, the benefit was strongest when diseases were highly infectious and were more severe for older macaques.

Dr Matthew Silk, from the University of Edinburgh, said: "Our results point to illness potentially helping to explain why 'social ageing' evolves -- something we are keen to test in future research."

The research was partly funded by the National Institutes of Health and Dr Silk's Royal Society University Research Fellowship.

The study is entitled: "Social ageing can protect against infectious disease in a group-living primate."

The special issue of the journal is called: "Understanding age and society using natural populations."
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Children's BMI can affect their future lung function | ScienceDaily
An abnormal BMI in children -- be it high or low -- can now be associated with impaired lung function, but if their BMI is normalised before they reach adulthood, the impairment can be offset, researchers from Karolinska Institutet report. Their results, which are based on data collected under the BAMSE project in Sweden, are presented in The European Respiratory Journal.


						
One in ten people have reduced lung function development in childhood and cannot achieve maximal lung capacity in adulthood, increasing the risk of serious health problems such as cardiovascular disease, lung disease and diabetes. One risk factor associated with impaired lung function development is abnormal weight and height. The most common body measurement, BMI (body mass index), takes account of weight, but not muscle and fat composition.

Previous studies have looked into the correlation between BMI and lung function with varying results. Swedish researchers now demonstrate that a correlation does indeed exist when the BMI deviates from the normal -- in either direction.

"In this study, the largest so far, we've been able to follow children from birth all the way to the age of 24, covering the entire period of lung function development." says the study's first author Gang Wang, researcher at the Department of Clinical Science and Education, Sodersjukhuset, Karolinska Institutet.

Early intervention is important

The participants could be divided up into different BMI groups, which had already begun to differentiate themselves by the age of two. Unlike children with a normal BMI, those with a persistently high BMI or an accelerated increasing BMI had impaired lung function as adults, primarily the result of restricted airflow in the lungs, a condition known as obstruction.

"Interestingly, we found that in the group with an initially high BMI but a normalised BMI before puberty, lung function was not impaired in adulthood," says principal investigator Erik Melen, professor of paediatrics at the same department at Karolinska Institutet and doctor at the Sachs' Children and Youth Hospital. "This highlights how important it is to optimise children's growth both early in life and during their early school years and adolescence."

A stable low BMI could also be linked to reduced lung function caused by inadequate lung growth. In these cases, BMI was not normalised over the course of the study.




"The focus has been on overweight, but we also need to capture children with a low BMI and introduce nutritional measures," says Dr Wang.

Analysed large volumes of BMI data

The study was based on the BAMSE project, in which over 4,000 children have been followed from birth to the age of 24. BMI has been repeatedly measured over this time, at most 14 times. The present study includes 3,200 participants with at least four BMI measurements.

Lung function was measured using spirometry at the ages of 8, 16 and, finally, 24, at which point the function of the smaller airways was also measured via the volume of exhaled nitrogen. Urine samples were also taken so that an analysis of the substances being metabolised could be performed in collaboration with docent Craig Wheelock at Karolinska Institutet's Institute of Environmental Medicine.

Objective biomarkers

The urine samples from the high BMI group showed elevated levels of metabolites of the amino acid histidine, corroborating the observations of other researchers who found a similar increase in patients with asthma and chronic obstructive pulmonary disease.

"We see here objective biomarkers for the correlation we've found, even if we don't yet know exactly the molecular association between high BMI, histidine and impaired lung development," says Professor Melen.

The study was financed by grants from the European Research Council, the Swedish Research Council, the Swedish Heart-Lung Foundation, Region Stockholm and the China Postdoctoral Council. Co-author Natalia Hernandez-Pacheco reports funding from the European Academy of Allergy and Clinical Immunology and the European Respiratory Society and lecture fees from OMNI PREX S.L., all outside the scope of this present study.
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Magnetic field applied to both sides of brain shows rapid improvement for depression | ScienceDaily
A type of therapy that involves applying a magnetic field to both sides of the brain has been shown to be effective at rapidly treating depression in patients for whom standard treatments have been ineffective.


						
The treatment -- known as repetitive transcranial magnetic stimulation (TMS) -- involves placing an electromagnetic coil against the scalp to relay a high-frequency magnetic field to the brain.

Around one in 20 adults is estimated to suffer from depression. Although treatments exist, such as anti-depressant medication and cognitive behavioural therapy ('talking therapy'), they are ineffective for just under one in three patients.

One of the key characteristics of depression is under-activity of some regions (such as the dorsolateral prefrontal cortex) and over-activity of others (such as the orbitofrontal cortex (OFC)).

Repetitive transcranial magnetic stimulation applied to the left side of the dorsolateral prefrontal cortex (an area at the upper front area of the brain) is approved for treatment of depression in the UK by NICE and in the US by the FDA. It has previously been shown to lead to considerable improvements among patients after a course of 20 sessions, but because the sessions usually take place over 20-30 days, the treatment is not ideal for everyone, particularly in acute cases or where a person is suicidal.

In research published in Psychological Medicine, scientists from Cambridge, UK, and Guiyang, China, tested how effective an accelerated form of TMS is. In this approach, the treatment is given over 20 sessions, but with four sessions per day over a period of five consecutive days.

The researchers also tested a 'dual' approach, whereby a magnetic field was additionally applied to the right-hand side of the OFC (which sits below the dorsolateral prefrontal cortex).




Seventy-five patients were recruited to the trial from the Second People's Hospital of Guizhou Province in China. The severity of their depression was measured on a scale known as the Hamilton Rating Scale of Depression.

Participants were split randomly into three groups: a 'dual' group receiving TMS applied first to the right- and then to the left-hand sides of the brain; a 'single' group receiving sham TMS to the right-side followed by active TMS applied to the left-side; and a control group receiving a sham treatment to both sides. Each session lasted in total 22 minutes.

There was a significant improvement in scores assessed immediately after the final treatment in the dual treatment group compared to the other two groups. When the researchers looked for clinically-relevant responses -- that is, where an individual's score fell by at least 50% -- they found that almost half (48%) of the patients in the dual treatment group saw such a reduction, compared to just under one in five (18%) in the single treatment group and fewer than one in 20 (4%) in the control group.

Four weeks later, around six in 10 participants in both the dual and single treatment groups (61% and 59% respectively) showed clinically relevant responses, compared to just over one in five (22%) in the control group.

Professor Valerie Voon from the Department of Psychiatry at the University of Cambridge, who led the UK side of the study, said: "Our accelerated approach means we can do all of the sessions in just five days, rapidly reducing an individual's symptoms of depression. This means it could be particularly useful in severe cases of depression, including when someone is experiencing suicidal thoughts. It may also help people be discharged from hospital more rapidly or even avoid admission in the first place.

"The treatment works faster because, by targeting two areas of the brain implicated in depression, we're effectively correcting imbalances in two import processes, getting brain regions 'talking' to each other correctly."

The treatment was most effective in those patients who at the start of the trial showed greater connectivity between the OFC and the thalamus (an area in the middle of the brain responsible for, among other things, regulation of consciousness, sleep, and alertness). The OFC is important for helping us make decisions, particularly in choosing rewards and avoiding punishment. Its over-activity in depression, particularly in relation to its role in anti-reward or punishment, might help explain why people with depression show a bias towards negative expectations and ruminations.




Dr Yanping Shu from the Guizhou Mental Health Centre, Guiyang, China, said: "This new treatment has demonstrated a more pronounced -- and faster -- improvement in response rates for patients with major depressive disorder. It represents a significant step forward in improving outcomes, enabling rapid discharge from hospitals for individuals with treatment-resistant depression, and we are hopeful it will lead to new possibilities in mental health care."

Dr Hailun Cui from Fudan University, a PhD student in Professor Voon's lab at the time of the study, added: "The management of treatment-resistant depression remains one of the most challenging areas in mental health care. These patients often fail to respond to standard treatments, including medication and psychotherapy, leaving them in a prolonged state of severe distress, functional impairment, and increased risk of suicide.

"This new TMS approach offers a beacon of hope in this difficult landscape. Patients frequently reported experiencing 'lighter and brighter' feelings as early as the second day of treatment. The rapid improvements, coupled with a higher response rate that could benefit a broader depressed population, mark a significant breakthrough in the field."

Just under a half (48%) of participants in the dual treatment group reported local pain where the dual treatment was applied, compared to just under one in 10 (9%) of participants in the single treatment group. However, despite this, there were no dropouts.

For some individuals, this treatment may be sufficient, but for others 'maintenance therapy' may be necessary, with an additional day session if their symptoms appear to be worsening over time. It may also be possible to re-administer standard therapy as patients can then become more able to engage in psychotherapy. Other options include using transcranial direct current stimulation, a non-invasive form of stimulation using weak electrical impulses that can be delivered at home.

The researchers are now exploring exactly which part of the orbitofrontal cortex is most effective to target and for which types of depression.

The research was supported by in the UK by the Medical Research Council and by the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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Discovery of key mechanism in Huntington's Disease could pave the way for early detection and treatment | ScienceDaily
Researchers from the University of Oxford have identified a key biochemical mechanism relevant to the development of Huntington's Disease. This discovery opens up the possibility of studying the disease before its clinical onset and eventually stopping its progression.


						
The study, published in Nature Metabolism, has shown for the first time the biochemical change responsible for the development of Huntington's disease, and how blocking this change stopped disease progression.

Huntington's disease is an inherited condition that stops parts of the brain from working properly, leading to mental and physical decline that slowly worsens over time. The symptoms usually begin to appear after the age of 30 years and are fatal, but this can be after a period of up to 20 years, during which they worsen.

The study explores how an early change described in the brain of HD patients in the early 1980s could lead to Huntington's disease onset. The researchers identified that problems with specific neurons in the brain, called indirect pathway spiny projection neurons (iSPNs), which are the initially affected cells in HD, may trigger an imbalance in dopamine levels upon missing an important signalling derived from the activation of the neurotrophin receptor TrkB. This imbalance is linked to early symptoms of the disease, such as abnormal, involuntary movements.

First the researchers looked at mice that lacked normal function in these iSPNs due to disrupted TrkB neurotrophin signalling and noticed that they showed increased levels of dopamine in the brain, leading to hyperactivity. This change occurred before noticeable symptoms appeared, suggesting that these early alterations may contribute significantly to HD progression.

The researchers also found that a protein called GSTO2, an enzyme that is part of the glutathione metabolism, plays an important role in regulating dopamine levels. By selectively reducing the activity of this protein in mice, the researchers were able to prevent dopamine and energy metabolism dysfunction, arresting the onset of motor symptoms in mice.

Importantly, this enzyme shows similar dysregulation in a rat model of HD and some rare brains of asymptomatic HD patients, confirming its putative relevance to the development of the disorder.




The study's lead author, Liliana Minichiello, Professor of Cellular and Molecular Neuroscience at Oxford's Department of Pharmacology, said: 'The big problem with Huntington's disease is that by the time that symptoms develop much of the damage has already been done, and therefore, it is fundamental that we understand the changes that occur before the disorder develops if we are to develop effective therapeutics.'

'This research marks the first time that we have been able to identify a specific chemical change that is unique to the development of Huntington's disease, which opens the possibility of developing new tests to study the early changes of the disease before irreversible damage occurs.

'Understanding these early changes provides crucial insights into how Huntington's Disease develops, and this knowledge could help develop preventive therapies to maintain dopamine balance and delay or halt disease progression.'

Dr Yaseen Malik (Department of Pharmacology, Oxford University), first author of the paper, said: 'Despite our significant understanding of its pathophysiology, HD remains without a cure, which underscores the necessity of delivering diagnostic and therapeutic interventions prior to the onset of symptoms, and this study is a step in that direction.'
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Childhood attention issues and genetic factors may predict psychosis risk | ScienceDaily
Researchers at UCLA Health have found that a person's risk of developing psychotic-like experiences may be influenced by both childhood attention problems and their genetic makeup.


						
The findings, published in Nature Mental Health, build upon a long-studied association between childhood attention problems and the likelihood of later developing schizophrenia. Using data from about 10,000 children over six years, UCLA researchers led by Dr. Carrie Bearden sought to determine how attentional variability influenced the risk of broader psychotic-like symptoms as children grow into adolescence.

Specifically, the team looked at how the youths' risk for psychotic-like experiences varied based on their attention span and genetic variants that may predispose them to different neuropsychiatric conditions.

The researchers found:
    	A higher genetic risk for a broad set of neuropsychiatric and cognitive disorders was associated with greater severity of psychotic like experiences and greater attention issues.
    	Additionally, attention span variability partially acted as an intermediate between the relationships between genetic risk for neuropsychiatric disorders and the expression of psychotic-like symptoms. Attention span issues explained 4-16% of these associations.

"If attention completely explained the relationship between genetic predisposition and psychotic-like experiences, that percentage would be 100%," said study co-first author Sarah Chang, a neuroscience graduate student at the UCLA Health Semel Institute for Neuroscience and Human Behavior. "While there are many risk factors for psychosis, the mechanisms through which these risk factors operate, particularly during this developmental risk period for psychosis, are not well understood -- and that's where our paper comes in."

"We have known for a very long time that attention problems are some the earliest precursors of psychosis," said Bearden, a professor at the UCLA Health Semel Institute and the UCLA Health Brain Research Institute. "Taking a different approach of looking at this large, typically developing youth cohort we find a really strong association with broad neurodevelopmental risk that was most strongly linked to psychotic symptoms. Attentional variability appears to be a mediator that links the genetic liability and those symptoms."

While the majority of youth who experience psychotic-like symptoms will not go on to develop schizophrenia, these events do increase the likelihood for future psychotic disorders and mental illness. Bearden said the findings help researchers to better understand the relationships from the genomic to behavioral levels during the critical stage of early adolescent development, which may lead to future molecular targets that could be targets for early intervention for psychosis.




Continued evaluation of the study participants through time will be critical in helping to determine the most predictive factors of schizophrenia diagnosis and neuropsychiatric outcomes.

"If you have this strong liability based on your genetics and early attentional span, we don't know what the longer-term trajectories are and who are the people who are going to be more resilient to their underlying risk," Bearden said. "That's going to be really important to look at when those data become available."

The study used cognitive, brain and genetic data from more than 10,000 participants in the ongoing Adolescent Brain and Cognitive Development (ABCD) study. The study, led by a national consortium of research institutes including UCLA Health, is examining brain development in nearly 12,000 youth starting at age 9 and followed over the next decade into their early adulthood.

An important part of Bearden's study involved the use of polygenic scores for neuropsychiatric conditions. Unlike some neurological conditions such as Huntington's disease which is caused by alteration to a single gene, there are often hundreds or even thousands of genetic variants associated with psychiatric disorders. Polygenic scores are used to summarize the combined effect of a large number of genetic variants to estimate a person's risk for developing the disorder.

Bearden and her team used polygenic scores for schizophrenia and neurodevelopmental disorders derived from existing large datasets and applied them to the dataset from ABCD study participants.

A limitation of using the polygenic scores currently available is that they mostly rely on genetic data from people with European ancestry, which limits the study's applicability to people of non-European backgrounds, Bearden said. Advancements in genetic studies being carried out in other areas of the world will help to remedy these limitations, Bearden said.

"In a few years we will have much better polygenic scores. That will be a really huge advance," Bearden said.
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Breaks in resistance training do not impair long-term development in strength and muscle size | ScienceDaily
A study conducted at the University of Jyvaskyla's Faculty of Sport and Health Sciences investigated how a 10-week break from resistance training affected maximum strength and muscle size. The study found that a 10-week break halfway through 20 total weeks of strength training had little effect on development. During the break, maximal strength was better preserved than muscle size.


						
The study compared the results of 20 weeks of resistance training in two groups, one with continuous training and one with a 10-week break midway.

The study found that the results for maximum strength and muscle size development were similar in both groups. According to the researchers, the equal progress in both groups was due to the fact that maximum strength and especially muscle size quickly returned to pre-break levels when training was resumed.

"During the first few weeks after the break, progress was very rapid and after only five weeks of re-training, the pre-break level had already been reached," says Eeli Halonen from the Faculty of Sport and Health Sciences, who is writing his doctoral thesis on the effects of the training break.

"For the group training continuously for 20 weeks, progress clearly slowed after the first ten weeks," Halonen adds. "This meant that there was ultimately no difference in muscle size or strength development between the groups."

"Muscle memory" will next be studied at the cellular and molecular level

The phenomenon where the previous level of muscle size is quickly regained after a break is termed "muscle memory."

"The physiological mechanisms of muscle memory are not yet fully understood," say senior researchers Juha Hulmi and Juha Ahtiainen, "and our next step is to study in more depth the cellular and molecular changes in muscles that could potentially explain this phenomenon."




Maximum strength is better preserved than muscle size

The study also found that maximum strength was better preserved during the break than muscle size.

"This could be explained by the fact that changes in the nervous system may be more permanent than peripheral changes in the muscles," Halonen says.

Based on this study and previous evidence, it seems that gym-goers have little to worry about occasional training breaks of up to ten weeks if the training is otherwise regular and progressive during the rest of the year.

It is worth bearing in mind, however, that in this study those who took a break from training achieved the same result in 30 weeks as those who trained continuously for 20 weeks.

"Of course, the break slows progress some," Halonen points out, "but it is comforting to know that it is possible to reach the pre-break level surprisingly quickly."

The study was conducted at the Faculty of Sport and Health Sciences at the University of Jyvaskyla. The participants were young Finnish men and women who were physically active but had no previous experience of systematic resistance training.

The results of the study have been published in the Scandinavian Journal of Medicine & Science in Sports. The study was funded by the Rehabilitation Foundation Peurunka, the Finnish Sports Research Foundation, the Academy of Finland, and the Faculty of Sport and Health Sciences at the University of Jyvaskyla.
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Thin skin significantly blunts injury from puncture | ScienceDaily
Thin, stretchy skin -- like that of a pig or human -- significantly lessens the underlying damage that occurs when it's punctured. Pig skin even outperforms synthetic materials that are designed to mimic skin, a new study finds. Its special qualities, in particular its ability to dissipate the energy of a puncturing object, greatly reduce the damage to deeper tissues, researchers report.


						
Their findings appear in the Journal of the Royal Society Interface.

Philip Anderson, a professor of evolution, ecology and behavior who led the study with postdoctoral researcher Bingyang Zhang at the University of Illinois Urbana-Champaign, is fascinated by how the laws of physics influence evolution. This interest led to an exploration of the dynamics of puncturing objects, which are ubiquitous in nature. 

"You'll find things that puncture across multiple kinds of organisms -- vertebrates, invertebrates, plants and fungi -- at all scales and different dynamic regimes, so fangs, claws, spines, stingers and other long, sharp implements," Anderson said.

Isolating all the variables involved in puncture -- the speed, shape and sharpness of a puncturing object, for example, or the mechanics of material failure in the target -- is a tall task, he said. He and his colleagues started by measuring the basic elements of puncture, using 3D-printed cones with different profiles and sharpness as puncturing objects and silicone gels of various densities as targets. Having answered some fundamental questions about the physics of puncture, Anderson's lab is now pursuing more in-depth studies of biological materials.

For the new experiments, Zhang tested the "puncturability" of slabs of pork with and without the skin attached and compared the performance of these biological materials with a synthetic mimic: a silicone gel with the approximate rigidity of blubber and another thinner and higher-rigidity gel representing skin. Due to the constraints of the material, the silicone skin was about 4 mm thick, while the animal skin was about 2.5 mm thick. Despite this difference, the team found that real pig skin outperformed the silicone skin in puncture tests that involved shooting a projectile at the materials at different speeds and measuring how deeply they punctured the tissue.

"Using a combination of dynamic puncture experiments and theoretical modeling, we examined the puncture resistance of both natural skin tissues and synthetic bilayer tissue-mimicking materials," Zhang said. "We found that, despite its thinness, pig skin attached to underlying tissue reduced damage from puncture by about 60% at slower speeds and 73% at higher speeds compared with the same pig tissue without skin."

Synthetic skin offered less protection, reducing the damage to the underlying gel by less than 40% at slower speeds and less than 30% at higher speeds, the researchers found.




"These findings demonstrate the superior biomechanical performance of natural skin," Zhang said.

"Having the skin layer is really good at blunting the puncture," Anderson said. "In fact, at low speeds, the tool couldn't even puncture the skin."

The researchers hypothesize that skin's better performance was due, in part, to the fact that is it made up of collagen fibers, which are woven together and offer resistance even when some of the fibers are broken. The breakage of collagen fibers also dissipates some of the energy of the projectile, slowing it down and lessening its ability to penetrate more deeply into the tissue. Silicone gel lacks this property.

"We have shown the unique ability of natural skin to redistribute force and dissipate energy as a remarkable defensive structure," Zhang said. "We also learned a great deal about how synthetic materials, while useful in many scenarios, still fall short in replicating these complex biological functions."

The National Science Foundation supported this work.

Bingyang Zhang is now a postdoctoral researcher at Cornell University.
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Dramatic drop in marijuana use among U.S. youth over a decade (2011 to 2021) | ScienceDaily
Marijuana has emerged as one of the most commonly used illicit substances among adolescents in the United States. Given the rising number of states legalizing recreational marijuana for adults and the decreasing perception of risk among adolescents, tracking trends in youth marijuana use is more crucial than ever.


						
Researchers from Florida Atlantic University's Schmidt College of Medicine conducted a comprehensive study using data from the Youth Risk Behavior Survey between 2011 and 2021, which surveyed 88,183 adolescents in grades nine through 12. Researchers focused on the overall time trends in use of marijuana as well as variations by gender, race/ethnicity, and school grade. These data provide important insights into the changing landscape of marijuana use among American youth.

The study, published in the journal Pediatric Reports, reveals that one of the most striking results from the analysis is the significant decrease in the percentage of adolescents reporting current marijuana use. In 2011, 23.1% of adolescents indicated they were current users, but by 2021, this figure had dropped to 15.8%. Additionally, the percentage of adolescents trying marijuana for the first time before age 13 also saw a notable decline, from 8.1% in 2011 to 4.9% in 2021.

In 2021, marijuana use was most prevalent among 12th graders (22.4%), followed by 11th graders (18.7%), with lower usage rates in the earlier grades. From 2011 to 2021, all grades experienced a notable decline in current marijuana use, especially among ninth graders. While there was an overall downward trend over the years, there were slight increases in use in 2013 and again in 2019.

"While we observed an overall decline from 2011 to 2021 across all grades, older students consistently reported higher usage, particularly 12th graders. This suggests that as adolescents advance through high school, they may have greater access to marijuana, influenced by more developed peer networks and increased independence," said Panagiota "Yiota" Kitsantas, Ph.D., corresponding author and professor and chair of the Department of Population Health and Social Medicine, FAU Schmidt College of Medicine. "This trend highlights the need for targeted interventions aimed at older adolescents, who are at a greater risk of regular marijuana use."

One of the most significant findings of this study is the shift in trends by gender, with girls surpassing boys in reported marijuana use by 2021. In 2021, girls reported a higher prevalence of current marijuana use (17.8%) than boys (13.6%). This marks a significant change from 2011 when boys were more likely to use marijuana (25.9%) compared to girls (20.1%). The convergence of usage rates among genders highlights an evolving dynamic that could reflect broader societal changes in attitudes toward marijuana.

The researchers also found variations among Asian, Hispanic and white adolescents, who experienced some of the steepest declines in current use. In 2021, however, Black adolescents reported a notably higher percentage of current marijuana use at 20.5%, compared to their white (14.8%), Hispanic (16.7%), and Asian (5.1%) counterparts. This indicates a persistent racial disparity in marijuana use among adolescents that warrants further examination.




"In the U.S. the current landscape of marijuana legalization in adults adds a complex layer to the issues of adolescent marijuana use. As more states continue to legalize recreational marijuana, the accessibility and perceived normalcy of the drug may increase, particularly for adolescents who may view its legal status as an indication of safety or acceptability," said Charles H. Hennekens, M.D., FACPM, co-author, the first Sir Richard Doll Professor of Medicine and Preventive Medicine in the departments of medicine and population health and social medicine, and senior academic advisor, FAU Schmidt College of Medicine. "Research suggests that marijuana legalization in adults can influence adolescent behavior through their perceptions of less risk as well as increased availability, both of which may impede efforts to reduce adolescent use."

The authors emphasize the importance of interventions like parental communication, supervision and modeling, alongside schools offering effective health education and fostering a positive school climate, to sustain the decline in adolescent marijuana use.

Findings from the study highlight the need for ongoing monitoring and intervention strategies to address marijuana use among U.S. adolescents. By focusing on the specific needs of various demographic groups, including different grade levels, genders and racial/ethnic communities, public health initiatives can more effectively address the risks associated with adolescent marijuana use and foster healthier outcomes for future generations.

Regular or heavy marijuana use during adolescence can adversely affect cognitive development, leading to poor learning, working memory issues, and attention deficits, regardless of educational background or verbal intelligence. Adolescents who use marijuana are two to three-and-a-half times more likely to have lower grade point averages and face a fourfold increase in psychosis diagnoses in adulthood. Research shows that marijuana use disrupts brain function by reducing synaptic pruning, resulting in increased gray matter volume and decreased communication efficiency in higher-order brain areas.

Study co-authors are Jack Yang, first author and a second-year FAU medical student; Maria C. Mejia, M.D., a professor; and Lea Sacca, Ph.D., an assistant professor, both within the Department of Population Health and Social Medicine, FAU Schmidt College of Medicine.
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Enhanced cardiovascular function with spinal cord transcutaneous stimulation in high-level spinal cord injury | ScienceDaily
Kessler Foundation researchers published new findings on neuromodulation in individuals with high-level spinal cord injury (SCI) using spinal cord transcutaneous stimulation (scTS). This promising approach to enhance cardiovascular regulation addresses the challenges of unstable blood pressure and the accompanying hypotensive and hypertensive events following SCI.


						
The findings revealed that in individuals with low blood pressure following a SCI, scTS at the lumbosacral vertebrae region was able to significantly elevate blood pressure, unlike cervical or upper thoracic stimulation. This trend, consistent across eight participants in the case series, highlights the potential for scTS to be used as a non-invasive therapeutic intervention to regulate cardiovascular function in SCI patients.

The article, "Neuromodulation in Spinal Cord Injury Using Transcutaneous Spinal Stimulation -- Mapping for a Blood Pressure Response: A Case Series," was published open access on September 20, 2024, in Neurotrauma Reports.

Kessler Foundation authors included Einat Engel-Haber, MD, Akhil Bheemreddy, Mehmed B. Bayram, PhD, Manikandan Ravi, Fan Zhang, PhD, Steven Kirshblum, MD, and Gail F. Forrest, PhD, in addition to Haiyan Su, PhD, School of Computing, Montclair State University.

While scTS may offer flexibility in stimulation locations, as opposed to epidural stimulation -- another common method of spinal cord stimulation -- it also leads to significant variability and lack of validation in stimulation sites used by studies. "In individuals with high thoracic or cervical SCI, blood pressure instability can limit daily activities and lead to short- and long-term health complications. Choosing the most suitable stimulation sites plays a key role in enhancing cardiovascular control in these patients," explained lead author Dr. Einat Engel-Haber, associate research scientist in the Tim and Caroline Reynolds Center for Spinal Stimulation, the Foundation Center that supported the study.

"The research highlights the potential for developing new therapeutic options to address cardiovascular instability in individuals with SCI, a common challenge for this population," she added. "These findings open up avenues for further studies on how scTS can improve quality of life for those living with spinal cord injury and offer valuable insights for clinicians and researchers aiming to develop personalized stimulation protocols that target cardiovascular function in individuals with SCI," concluded Dr. Engel-Haber.
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Cannabis use during pregnancy can impact thinking and learning skills, increase aggression among children, study shows | ScienceDaily
As cannabis is legalized and is more accessible in various forms across the country, there is increasing concern among health care providers about potential impact on children. Researchers at Nationwide Children's Hospital have new findings to add to the existing evidence that cannabis exposure before birth can negatively impact children.


						
In a study published today in JAMA Pediatrics, researchers found prenatal cannabis exposure was associated in early childhood with poorer thinking skills and behaviors such as impulse control, paying attention, planning ability, and more aggressive behavior, all of which play a vital role in how children perform in school and interact with others.

"Although cannabis is a natural product, there are still many risks to using it during pregnancy," said Sarah Keim, PhD, principal investigator in the Center for Biobehavioral Health at Nationwide Children's, and lead author of the study. "Some women may turn to cannabis to help deal with some common issues of pregnancy including nausea, sleep problems and stress. This is not recommended. Consulting with a health care provider to find safer options to help with these issues during pregnancy is important."

Researchers used multiple assessments, including asking parents about their child's typical behaviors and measurement of skills related to impulse control, paying attention, solving problems, and managing emotions in preschool-aged children. Results showed children exposed to cannabis had more difficulty controlling their impulses, paying attention and planning, and showed more aggressive behavior when researchers observed their behavior in a play laboratory environment.

"Our findings were not surprising -- they actually confirm and expand on longstanding evidence from previous research," said Dr. Keim. "With our more contemporary and diverse sample of women and children, and with much higher potency of cannabis now than in past decades, this study validates previous research and supports existing clinical recommendations for patients."

The American Academy of Pediatrics and the American College of Obstetricians and Gynecologists both caution against cannabis use during pregnancy because of possible health risks to mothers and children.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028131553.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Health News
          
          	
            Sections
          
          	
            Environment News
          
        

      

      Technology News

      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        It's not to be. Universe too short for Shakespeare typing monkeys
        It would take far longer than the lifespan of our universe for a typing monkey to randomly produce Shakespeare, a new study reveals.

      

      
        Nanoplastics can reduce the effectiveness of antibiotics
        An international research team has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria.

      

      
        Complexity of tumors revealed in 3D
        A new analysis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs. The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

      

      
        Breakthrough in magnetism could transform quantum computing and superconductors
        A discovery by physicists is unlocking a new understanding of magnetism and electronic interactions in cutting-edge materials, potentially revolutionizing technology fields such as quantum computing and high-temperature superconductors.

      

      
        Farewell frost! New surface prevents frost without heat
        In a new study, researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

      

      
        A rudimentary quantum network link between Dutch cities
        Researchers have demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fiber, enabling a 25-km quantum link.

      

      
        Reactor could make direct air capture more energy efficient
        Researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption and cost for direct air capture.

      

      
        A navigation system for microswimmers
        By applying an electric field, the movement of microswimmers can be manipulated. Scientists describe the underlying physical principles by comparing experiments and theoretical modeling predictions. They are able to tune the direction and mode of motion through a microchannel between oscillation, wall adherence and centerline orientation, enabling different interactions with the environment.

      

      
        Implantable microparticles can deliver two cancer therapies at once
        Researchers designed tiny particles that can be implanted at a cancer tumor site, where they deliver two types of therapy: heat and chemotherapy.

      

      
        Researchers aim to get leg up on bone repair with 3D-printed femur
        Mechanical engineers designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors. The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

      

      
        Paving the way for harvesting and storing solar energy efficiently
        Approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.

      

      
        Ultrasound can be used as search and rescue tool for the brain
        Scientists highlighted the potential for ultrasound to treat some of the more complex health conditions affecting the human brain.

      

      
        Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity
        A research team has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.

      

      
        New imaging analysis technique revolutionizes diagnostics of head and neck cancers
        A study developed a new technique to accurately analyse the properties of cancer cells and the surrounding tissue at the level of individual cells. This innovation enables a more comprehensive assessment of prognoses and treatment responses in the head and neck cancers, and paves the way for more accurate diagnostics.

      

      
        Materials research: Surprise at the grain boundary
        Using state-of-the-art microscopy and simulation techniques, an international research team systematically observed how iron atoms alter the structure of grain boundaries in titanium. They were in for a surprise.

      

      
        Optimal standing positions and ventilation in airport smoking lounges
        New research shows that not all standing positions in airport smoking lounges are created equal. Scientists found that the thermal environment and positioning of smokers influences how particles settle in the room. Additionally, smokers seated farther from ventilation inlets experience the lowest levels of pollution in the room. The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilati...

      

      
        A faster, better way to train general-purpose robots
        Inspired by large language models, researchers developed a training technique that pools diverse data to teach robots new skills.

      

      
        AI in healthcare: New research shows promise and limitations of physicians working with GPT-4 for decision making
        Researchers have studied how well doctors used GPT-4 -- an artificial intelligence (AI) large language model system -- for diagnosing patients.

      

      
        Significant extension of zinc battery lifespan
        The transition to renewable energy requires efficient methods for storing large amounts of electricity. Researchers have developed a new method that could extend the lifespan of aqueous zinc-ion batteries by several orders of magnitude. Instead of lasting just a few thousand cycles, they could now endure several hundred thousand charge and discharge cycles.

      

      
        New solvent-free 3D printing material could enable biodegradable implants
        Researchers have invented a new solvent-free polymer for digital light printing (DLP), a type of 3D printing that essentially pulls solid objects out of a shallow pool of resin one layer at a time. Besides eliminating a well-known issue of finished objects shrinking after printing, the lack of solvent also results in improved mechanical properties of the part while maintaining the ability to degrade in the body.

      

      
        Age assurance online needs to be child-rights respecting, new study says
        A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online -- a new study says.

      

      
        Potential of MXenes for nanotech applications
        Materials scientists are exploring the physical properties of MXenes, a fast-growing family of two-dimensional materials with potential for many nanotechnology applications.

      

      
        Bird wings inspire new approach to flight safety
        Engineers found a way to help airplanes avoid stall with lightweight plastic flaps that flutter with pressure changes. The flaps mimick a class of feathers that are key to birds' most daring aerial maneuvers.

      

      
        Enhancing the accuracy of wearables that measure blood glucose levels
        Wearable electronic devices are potential tools to monitor blood glucose levels (BGLs) among people with diabetes, but their limited size and power lead to noticeable measurement errors. In a recent study, researchers developed a screening technique that can filter out low-quality data in a preprocessing step, enhancing the accuracy of BGL estimations. Their findings could pave the way to convenient glucose monitoring using consumer electronics, eliminating the need for finger pricks.

      

      
        Major development successes in diamond spin photon quantum computers
        Lower cooling requirements, longer operating times, lower error rates: Quantum computers based on spin photons and diamond promise significant advantages over competing quantum computing technologies. The consortium of the BMBF project SPINNING coordinated by Fraunhofer IAF has succeeded in decisively advancing the development of spin-photon-based quantum computers.

      

      
        Improvement of catalytic activity by controlling the surface structure of metal particles
        Researchers are finding new ways to make the hydrogen evolution reaction harder, better, faster, and stronger.

      

      
        Teens who made history with Pythagoras' theorem discovery publish their first academic paper with new proofs
        In their peer-reviewed work, Calcea Johnson and Ne'Kiya Jackson present five new ways of proving Pythagoras' Theorem via trigonometry. They also detail a new method for finding proofs that yield at least five more.

      

      
        Quality control in artificial photosynthesis: Validating natural antenna mimicry
        Researchers have revealed the 3D structure of lab-made light-harvesting complex II (LHCII), a key component in photosynthesis. Using cryo-electron microscopy, they found that artificial LHCII closely mirrors the natural version, advancing research into solar energy harnessing and artificial photosynthesis technologies.

      

      
        Ultraprecise method of aligning 3D semiconductor chips invented
        Researchers have invented a new way to align 3D semiconductor chips by shining a laser through concentric metalenses patterned on the chips to produce a hologram. Their work can help to lower the cost of producing 2D semiconductor chips, enable 3D photonic and electronic chips, and may pave the way for other low-cost, compact sensors.

      

      
        Understanding how mutations affect diseases
        The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic 'needles in the haystack,' yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia.

      

      
        Molecular data storage
        Increasing amounts of data require storage, often for long periods. Synthetic polymers are an alternative to conventional storage media because they maintain stored information while using less space and energy. However, data retrieval by mass spectrometry limits the length and thus the storage capacity of individual polymer chains. Researchers have now introduced a method that overcomes this limitation and allows direct access to specific bits without reading the entire chain.

      

      
        Towards implementing neural networks on edge IoT devices
        Researchers have developed a new binarized neural network (BNN) scheme using ternary gradients to address the computational challenges of IoT edge devices. They introduced a magnetic RAM-based computing-in-memory architecture, significantly reducing circuit size and power consumption. Their design achieved near-identical accuracy and faster training times compared to traditional BNNs, making it a promising solution for efficient AI implementation in resource-limited devices, such as those used in...

      

      
        Breakthrough in 3D object scanning: Boosting clarity and depth perception for complex structures
        Improvements in three-dimensional (3D) scanning have enabled quick and accurate scanning of 3D objects, including cultural heritage objects, as 3D point cloud data. However, conventional edge-highlighting visualization techniques, used for understanding complex 3D structures, result in excessive line clutter, reducing clarity. Addressing these issues, a multinational team of researchers have developed a novel technique, involving independent rendering of soft and sharp edges in 3D structures, res...

      

      
        Building safer cities with AI: Machine learning model enhances urban resilience against liquefaction
        In earthquake-prone areas like Japan, there is a need for better prediction of soil stability to mitigate liquefaction risks. Towards this end, researchers have used machine learning models, including artificial neural networks and bagging techniques, to create accurate 3D maps of bearing layers using data from 433 locations in Setagaya, Tokyo. This approach can identify stable construction sites, enhance disaster planning, and contribute to safer urban development, making cities more resilient t...

      

      
        Hydrogen: Breakthrough in alkaline membrane electrolyzers
        A team has developed a highly efficient alkaline membrane electrolyser that approaches the performance of established PEM electrolysers. What makes this achievement remarkable is the use of inexpensive nickel compounds for the anode catalyst, replacing costly and rare iridium.

      

      
        Thermal imaging may help fruits, veggies stay fresher longer
        A recent review suggests new temperature measuring technologies could make that process much simpler, amid growing agricultural challenges fueled by fluctuating climates.

      

      
        Seeing a black hole's jet in a new light
        Researchers have pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.

      

      
        A new chemistry for CRISPR
        It acts as a sort of molecular fumigator to battle phages and plasmids.

      

      
        Evidence mounts for dark energy from black holes
        Researchers have strengthened the case that matter becomes dark energy when massive stars collapse and become black holes.

      

      
        Advancement in 3D-printed concrete promises strength, durability and lower carbon emissions
        Researchers have created a graphene-enhanced, 3D-printable concrete that improves strength and reduces carbon emissions by 31%, advancing sustainable construction.

      

      
        Researchers unlock a 'new synthetic frontier' for quantum dots
        A new technique for growing quantum dots has not only found a new, more efficient way to build a useful type of quantum dot, but also opened up a whole group of novel chemical materials for future researchers' exploration. Replacing organic solvents with molten salt lets researchers grow 'previously unimaginable nanocrystals.'

      

      
        Watershed moment: Engineers invent high-yield atmospheric water capture device for arid regions
        As a megadrought stresses the water supply throughout the Southwest, revolutionary research is answering this problem with a groundbreaking technology that pulls large amounts of water from the air in low humidities.

      

      
        Saturn's moon Titan has insulating methane-rich crust up to six miles thick
        A new study has revealed that methane gas may be trapped within the icy surface of Saturn's moon Titan, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.

      

      
        Developing new high-performance and recyclable materials
        Researchers have developed a groundbreaking new material poised to advance high-sensitivity recyclable sensor technology. The team created a recyclable high-sensitivity sensor based on the dynamic polymer network. This next-generation material is garnering attention for its ability to combine environmental sustainability with high performance.

      

      
        Ultra-sensitive electronic skin modeled after the human brain
        Researchers have successfully developed an ultra-sensitive pressure sensor for electronic skin modeled after the nervous system in the human brain. This technology is applicable to future devices, including AI-based digital healthcare devices, and is expected to be utilized across various fields, such as transparent displays and wearable devices, due to its transparency and physical flexibility.

      

      
        Next-generation solar cells become more powerful with silver (Ag) doping technology
        Researchers have significantly improved the performance of kesterite (CZTSSe) thin-film solar cells. They developed a new method for doping silver (Ag) in solar cells to suppress defects that hinder cell performance and promote crystal growth, thereby dramatically increasing efficiency and paving the way for commercialization.

      

      
        The evolution of green energy technology: Developing three-dimensional smart energy devices with radiant cooling and solar absorption
        - DGIST, KAIST, and Korea University collaborated to develop a three-dimensional device with reversible heating/cooling based on the thermal radiation phenomenon -- Research published as a cover article in Advanced Materials

      

      
        Batteries for miniature bio-integrated devices and robotics
        Researchers have developed a miniature soft lithium-ion battery that could be used as a defibrillator to control heart rhythm during surgery. The flexible lithium-ion battery is constructed by assembling biocompatible hydrogel droplets. The state-of-the-art device is the smallest soft lithium-ion battery with the highest energy density. The research opens the way to developing tiny bio-integrated devices, with a range of applications in robotics, biology, and medicine.

      

      
        A new spectroscopy reveals water's quantum secrets
        Researchers have exclusively observed molecules participating in hydrogen bonds in liquid water, measuring electronic and nuclear quantum effects that were previously accessible only via theoretical simulations.

      

      
        Pushing the boundaries of traditional ceramic techniques
        Art and science are sometimes poles apart, but that isn't the case in a new research project. For this work, an interdisciplinary team merged scientific research, technological advancements and artistic exploration to experiment with the production, properties and application of a new kind of ceramic.
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It's not to be. Universe too short for Shakespeare typing monkeys | ScienceDaily
A monkey randomly pressing keys on a typewriter for an infinite amount of time would eventually type out the complete works of Shakespeare purely by chance, according to the Infinite Monkey Theorem.


						
This widely known thought-experiment is used to help us understand the principles of probability and randomness, and how chance can lead to unexpected outcomes. The idea has been referenced in pop culture from The Simpsons to Hitchhiker's Guide to the Galaxy and on TikTok.

However, a new study reveals it would take an unbelievably huge amount of time -- far longer than the lifespan of our universe, for a typing monkey to randomly produce Shakespeare. So, while the theorem is true, it is also somewhat misleading.

Mathematicians, Associate Professor Stephen Woodcock and Jay Falletta from the University of Technology Sydney (UTS), decided to examine the theorem using instead the limits of our finite universe.

"The Infinite Monkey Theorem only considers the infinite limit, with either an infinite number of monkeys or an infinite time period of monkey labour," said Associate Professor Woodcock.

"We decided to look at the probability of a given string of letters being typed by a finite number of monkeys within a finite time period consistent with estimates for the lifespan of our universe," he said.

The serious but light-hearted study, A numerical evaluation of the Finite Monkeys Theorem, has just been published in the peer-reviewed journal Franklin Open.




For number-crunching purposes, the researchers assumed that a keyboard contains 30 keys including all the letters of the English language plus common punctuation marks.

As well as a single monkey, they also did the calculations using the current global population of around 200,000 chimpanzees, and they assumed a rather productive typing speed of one key every second until the end of the universe in about 10^100 years -- that's a 1 followed by 100 zeros.

The results reveal that it is possible (around a 5% chance) for a single chimp to type the word 'bananas' in its own lifetime. However, even with all chimps enlisted, the Bard's entire works (with around 884,647 words) will almost certainly never be typed before the universe ends.

"It is not plausible that, even with improved typing speeds or an increase in chimpanzee populations, monkey labour will ever be a viable tool for developing non-trivial written works," the authors muse.

"This finding places the theorem among other probability puzzles and paradoxes -- such as the St. Petersburg paradox, Zeno's paradox, and the Ross-Littlewood paradox -- where using the idea of infinite resources gives results that don't match up with what we get when we consider the constraints of our universe," said Associate Professor Woodcock.

In the era of generative AI, the Infinite Monkey Theorem, and its finite version, perhaps also challenge readers to consider philosophical questions around the nature of creativity, meaning and consciousness, and how these qualities emerge.
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Nanoplastics can reduce the effectiveness of antibiotics | ScienceDaily
In a recent study, an international research team with significant involvement from MedUni Vienna has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria. The results of the study were recently published in the journal Scientific Reports.


						
In order to investigate whether and how nanoplastic particles in the body interact with antibiotics, the research team led by Lukas Kenner (MedUni Vienna), Barbara Kirchner (University of Bonn) and Oldamur Holloczki (University of Debrecen) linked a common drug with widely used types of plastic. The focus was on the broad-spectrum antibiotic tetracycline, which is used to treat many bacterial infections, such as those of the respiratory tract, skin or intestines. When it came to plastics, the choice fell on polyethylene (PE), polypropylene (PP) and polystyrene (PS), which are ubiquitous components of packaging materials, as well as nylon 6,6 (N66), which is contained in many textiles such as clothing, carpets, sofa covers and curtains. Nanoplastics are smaller than 0.001millimeters and are considered particularly harmful to humans and the environment due to their small size.

Using complex computer models, the team was able to prove that the nanoplastic particles can bind tetracycline and thus impair the effectiveness of the antibiotic. "The binding was particularly strong with nylon," emphasizes Lukas Kenner, pointing out a largely underestimated danger indoors: "The micro- and nanoplastic load is around five times higher there than outdoors. Nylon is one of the reasons for this: it is released from textiles and enters the body via respiration, for example."

Danger of antibiotic resistance

As the study results show, the binding of tetracycline to nanoplastic particles can reduce the biological activity of the antibiotic. At the same time, binding to nanoplastics could lead to the antibiotic being transported to unintended sites in the body, causing it to lose its targeted effect and possibly cause other undesirable effects. "Our finding that the local concentration of antibiotics on the surface of the nanoplastic particles can increase is particularly worrying," reports Lukas Kenner on another detail from the study. This increase in concentration could lead to the development of antibiotic-resistant bacteria. Plastics such as nylon 6,6, but also polystyrene, which bind more strongly to tetracycline, could therefore increase the risk of resistance. "At a time when antibiotic resistance is becoming an ever greater threat worldwide, such interactions must be taken into account," says Kenner.

The study shows that exposure to nanoplastics is not only a direct health risk, but can also indirectly influence the treatment of diseases. "If nanoplastics reduce the effectiveness of antibiotics, the dosage poses a massive problem," says Lukas Kenner with a view to future studies looking at the influence of nanoplastics on other drugs.
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Complexity of tumors revealed in 3D | ScienceDaily
A new analysis led by researchers at Washington University School of Medicine in St. Louis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs.


						
The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

The study is part of a group of 12 papers published Oct. 30 in the Nature suite of journals by members of the Human Tumor Atlas Network, a research consortium funded by the National Cancer Institute (NCI) of the National Institutes of Health (NIH). The 3D analysis -- published in Nature -- includes detailed data about breast, colorectal, pancreas, kidney, uterine and bile duct cancers.

The last decade of cancer research has been defined by tremendous advances in understanding the activities of cells in a tumor's environment -- both the cancer itself and its support cells, including on a single-cell level. The new study begins to reveal not just what each cell is up to, but also where each cell is located in the intact tumor and how each interacts with its neighboring cells, whether those cells are next door, down the street or in a completely different neighborhood.

This new information could help scientists understand how tumors spread or develop treatment resistance, to name a few intensive areas of ongoing study.

"These 3D maps of tumors are important because they finally let us see what, until now, we have only been able to infer about tumor structures and their complexity," said co-senior author Li Ding, PhD, the David English Smith Professor of Medicine. "We understood that cancer cells, immune cells and structural cells were all present in the tumor, sometimes protecting the cancer from chemotherapy and immune system attack, but now we can actually see those battle lines. We now have the ability to see how regions of the tumor differ in 3D space and how the behavior changes in response to therapy or when the tumor spreads to other organs. These studies have opened a new era in cancer research with the potential to transform the way we understand and treat cancer in the future."

The study is led by Ding, also a research member of Siteman Cancer Center, based at Barnes-Jewish Hospital and WashU Medicine; and her fellow co-senior authors Feng Chen, PhD, a professor of medicine; Ryan C. Fields, MD, the Kim and Tim Eberlein Distinguished Professor; William E. Gillanders, MD, a professor of surgery, all of WashU Medicine; and Benjamin J. Raphael, PhD, of Princeton University.




3D organization of tumor neighborhoods

In general, the researchers found that tumors had higher metabolic activity -- that is, they burned more fuel -- in their cores and more immune system activity on their edges. They also found that a tumor can contain multiple neighborhoods with different genetic mutations driving the tumor's growth. These neighborhoods are being appreciated for how they lead to treatment response and resistance in various cancer types. This suggests different targeted treatments may be needed to address key mutations in different neighborhoods.

"This understanding of 3D cancer metabolism will affect how our current treatments work, and sometimes don't work, and will lead to development of novel treatments in cancer," said Fields, who treats patients at Siteman. "It really is transformative."

In addition, some tumor neighborhoods can have high immune cell activity -- known as hot regions. The same tumor also can have so-called cold regions that do not have much, if any, immune activity. Hot regions typically respond well to immunotherapies, but cold regions do not, possibly helping to explain why some tumors appear responsive to immunotherapies at first and then develop resistance. If various mutation profiles as well as cold and hot neighborhoods can be identified, it presents the possibility of designing treatment strategies that could be effective against all neighborhoods within the same tumor.

The researchers -- including co-first authors, Chia-Kuei (Simon) Mo and Jingxian (Clara) Liu, both graduate students in Ding's lab -- also found large variation in how deeply immune cells had infiltrated the various tumors and where different immune cell types, such as T cells or macrophages, assembled. Some metastatic tumor samples showed the cancer breaking through immune cell boundaries to continue the invasion of healthy tissue, perhaps illustrating a phenomenon called immune cell exhaustion, in which the immune system is overwhelmed by an aggressive cancer and can no longer contain its growth.

"If we can see exhausted T cells inside a tumor, we could potentially activate those T cells with a checkpoint inhibitor or other immunotherapies," Ding said. "But if we don't see them, we will know certain immunotherapies won't work. These tumor maps can help us predict treatment resistance. We have never been able to talk this way about tumors before -- being able to see that immune cells are present in the tumor, suggesting opportunities to exploit them for treatments."

WashU Medicine researchers led two more studies as part of this package of publications. One, appearing in Nature Cancer and co-led by Ding and Gillanders, provides a detailed analysis of breast cancer, identifying how different types of breast tumors originate from different cell types. The research team also found that T cell exhaustion was common in an aggressive tumor known as triple-negative breast cancer. Knowledge of the "cell of origin" and the immune landscape in breast cancer could help guide future treatment strategies.

The other paper, appearing in Nature Methods and co-led by Ding, of WashU Medicine, and Raphael, of Princeton, describes new methods for 3D analyses of tumors, including those used in the study of the six tumor types that appeared in Nature.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241030145942.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Breakthrough in magnetism could transform quantum computing and superconductors | ScienceDaily
A discovery by Rice University physicists and collaborators is unlocking a new understanding of magnetism and electronic interactions in cutting-edge materials, potentially revolutionizing technology fields such as quantum computing and high-temperature superconductors. Led by Zheng Ren and Ming Yi, the research team's study on iron-tin (FeSn) thin films reshapes scientific understanding of kagome magnets -- materials named after an ancient basket-weaving pattern and structured in a unique, latticelike design that can create unusual magnetic and electronic behaviors due to the quantum destructive interference of the electronic wave function.


						
The findings, published in  Nature Communications  Oct. 30, reveal that FeSn's magnetic properties arise from localized electrons, not the mobile electrons scientists previously thought. This discovery challenges existing theories about magnetism in kagome metals in which itinerant electrons were assumed to drive magnetic behavior. By providing a new perspective on magnetism, the research team's work could guide the development of materials with tailored properties for advanced tech applications such as quantum computing and superconductors.

"This work is expected to stimulate further experimental and theoretical studies on the emergent properties of quantum materials, deepening our understanding of these enigmatic materials and their potential real-world applications," said Yi, an associate professor of physics and astronomy and Rice Academy Senior Fellow.

Using an advanced technique that combines molecular beam epitaxy and angle-resolved photoemission spectroscopy, the researchers created high-quality FeSn thin films and analyzed their electronic structure. They found that even at elevated temperatures, the kagome flat bands remained split, an indicator that localized electrons drive magnetism in the material. This electron correlation effect adds a new layer of complexity to understanding how electron behavior influences magnetic properties in kagome magnets.

The study also revealed that some electron orbitals showed stronger interactions than others, a phenomenon known as selective band renormalization previously observed in iron-based superconductors, offering a fresh perspective on how electron interactions influence the behavior of kagome magnets.

"Our study highlights the complex interplay between magnetism and electron correlations in kagome magnets and suggests that these effects are non-negligible in shaping their overall behavior," said Ren, a Rice Academy Junior Fellow.

Beyond advancing the understanding of FeSn, the research has broader implications for materials with similar properties. Insights into flat bands and electron correlations could influence the development of new technologies such as high-temperature superconductors and topological quantum computation, where the interplay of magnetism and topological flat bands generates quantum states that can be used as quantum logic gates.

Rice researchers who collaborated on this study include Department of Physics and Astronomy postdoctoral associates and graduate students Jianwei Huang, Ananya Biswas, Yichen Zhang, Yaofeng Xie, Ziqin Yue, Lei Chen, Fang Xie, Kevin Allen, Han Wu and Qirui Ren; Junichiro Kono, the Karl F. Hasselmann Professor of Engineering and director of the Smalley-Curl Institute; Emilia Morosan, professor of physics and astronomy, chemistry and materials science and nanoengineering; Qimiao Si, the Harry C. and Olga K. Wiess Professor of Physics and Astronomy; and Pengcheng Dai, the Sam and Helen Worden Professor of Physics and Astronomy.

Collaborators from around the world include Hengxin Tan and Binghai Yan of the Department of Condensed Matter Physics at Weizmann Institute of Science; Aki Pulkkinen and Jan Minar of the New Technologies Research Center, University of West Bohemia; Anil Rajapitamahuni, Asish K. Kundu and Elio Vescovo of the National Synchrotron Light Source II, Brookhaven National Lab; and Jian-Xin Zhu of the Theoretical Division and Center for Integrated Nanotechnologies at Los Alamos National Laboratory.

The U.S. Department of Energy, Robert A. Welch Foundation, Gordon and Betty Moore Foundation's EPiQS Initiative, Rice Academy of Fellows, Air Force Office of Scientific Research and Vannevar Bush Faculty Fellowship supported this study.
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Farewell frost! New surface prevents frost without heat | ScienceDaily
Someday, people might finally say goodbye to defrosting the freezer or scraping frost off slippery surfaces. Northwestern University engineers have developed a new strategy that prevents frost formation before it begins.


						
In a new study, the researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

As an added bonus, the new scalable surface design also is resistant to cracks, scratches and contamination.

By incorporating the textured surface into infrastructure, the researchers imagine companies and government agencies could save billions of dollars per year in averted maintenance costs and energy inefficiencies.

The research will be published on Wednesday (Oct. 30) in the journal Science Advances.

"Unwanted frost accumulation is a major concern across industrial, residential and government sectors," said Northwestern's Kyoo-Chul Kenneth Park, who led the study. "For example, the 2021 power crisis in Texas cost $195 billion in damages, resulting directly from frost, ice and extreme cold conditions for more than 160 hours. Thus, it is critical to develop anti-frosting techniques, which are robust for long periods of time in extreme environmental conditions. It is also necessary to develop anti-frosting methods which are easy to fabricate and implement. We designed our hybrid anti-frosting technique with all of these needs in mind. It can prevent frosting for potentially weeks at a time and is scalable, durable and easily fabricated through 3D printing."

Park is an assistant professor of mechanical engineering at Northwestern's McCormick School of Engineeringand a faculty affiliate of the Paula M. Trienens Institute for Sustainability and Energy and the International Institute for Nanotechnology.




Leaf-inspired discovery

The new study builds upon previous work from Park's laboratory. In 2020, Park and his team discovered that adding millimeter-scale textures to a surface theoretically reduced frost formation by up to 80%. Published in the Proceedings of the National Academy of Sciences, the research was inspired by the rippling geometry of leaves.

"There is more frost formation on the convex regions of a leaf," Park said at the time. "On the concave regions (the veins), we see much less frost. People have noticed this for several thousands of years. Remarkably, there was no explanation for how these patterns form. We found that it's the geometry -- not the material -- that controls this."

Through experimental work and computation simulations, Park and his collaborators found that condensation is enhanced on the peaks and suppressed in the valleys of wavy surfaces. The small amount of condensed water in the valleys then evaporates, resulting in a frost-free area.

Graphene-oxide trapping power

In the previous study, Park's team developed a surface featuring millimeter-scale peaks and valleys with small angles in between. In the new study, Park's team added graphene oxide on flat valleys, which reduced frost formation by 100% in those valleys. The new surface comprises tiny bumps, with a peak-to-peak distance of 5 millimeters. Then a thin layer of graphene oxide, just 600 microns thick, coats the valleys between peaks.




"Graphene oxide attracts water vapor and then confines water molecules within its structure," Park said. "So, the graphene oxide layer acts like a container to prevent water vapor from freezing. When we combined graphene oxide with the macrotexture surface, it resisted frost for long times at high supersaturation. The hybrid surface becomes a stable, long-lasting, frost-free zone."

When compared to other state-of-the-art anti-frosting surfaces, Park's method was the clear winner. While superhydrophobic (water repelling) and lubricant-infused surfaces resisted 5-36% of frost formation for up to 5 hours, Park's surface resisted 100% of frost formation for 160 hours.

"Most other anti-frosting surfaces are susceptible to damage from scratches or contamination, which degrades surface performance over time," Park said. "But our anti-frosting mechanism demonstrates robustness to scratches, cracks and contaminants, extending the life of the surface."

Why it matters

This hybrid macrotexture-graphene oxide surface offers a promising solution for preventing frost formation in various applications. Most people only worry about frost when it coats their car windshield or kills their outdoor plants. But frost is more than a nuisance.

Frost on airplane wings can create drag, making flights dangerous or even impossible. When accumulating inside freezers and refrigerators, frost greatly reduces energy efficiency in appliances. Frost can add too much weight to power lines, leading to breakage and, ultimately, power outages. It also can impair sensors on vehicles, harming their ability to accurately detect objects.

"Developing new anti-frosting techniques is crucial to preventing costly mechanical failures, energy inefficiencies and safety hazards for critical operations," Park said. "There currently is no 'one-size-fits-all' approach because every application has specific needs. Although airplanes only require seconds of frost resistance, powerlines operating in cold environments might require days or weeks of frost resistance, for example. With our new insights, we could design powerlines and airplane wings with reduced ice adhesion. These types of alterations would greatly reduce yearly maintenance costs."

The study, "Robust hybrid diffusion control for long-term scalable frost prevention," was partially supported by the National Science Foundation (grant number CBET-2337118) and the Korea Institute for Science and Technology (grant number 2E32527).
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A rudimentary quantum network link between Dutch cities | ScienceDaily
An international research team led by QuTech has demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fibre, enabling a 25 km quantum link. The researchers published their findings in Science Advances.


						
The internet allows people to share information (bits) globally. A future quantum internet will enable sharing quantum information (qubits) over a new type of network. Such qubits can not only take the values 0 or 1, but also superpositions of those (0 and 1 at the same time). In addition, qubits can be entangled, which means they share a quantum connection enabling instant correlations, no matter the distance.

Researchers around the globe are working to build quantum networks that make use of these features to offer fundamentally new communication and computing capabilities, in coexistence with the current internet. For example, qubits can generate secure encryption keys for safely sharing financial or medical data. Quantum links can also connect distant quantum computers, enhancing their power and allowing access with full privacy for users.

Moving out of the lab

An international team led by Ronald Hanson at QuTech -- a collaboration between the TU Delft and TNO -- was able to connect two small quantum computers between the Dutch cities of Delft and The Hague. "The distance over which we create quantum entanglement in this project, via 25 km of deployed underground fiber, is a record for quantum processors," says Hanson. "This is the first time such quantum processors in different cities are connected."

A few years ago the team reported the first multi-node quantum network inside the lab. "We were faced with new major challenges in going from these lab experiments to realizing a quantum link between cities. We had to design a flexible system that lets the nodes work independently over long distances, we needed to mitigate the impact of photon loss on the connection speed, and we had to ensure reliable confirmation each time the entanglement link was successfully created. Without these innovations, such a large distance would not have been possible."

'Like keeping the moon at a constant distance'

To tackle the challenge of photon loss, the team established the quantum connection using a photon-efficient protocol that required very precise stabilization of the connecting fiber link. Co-author Arian Stolk explains using an analogue: "The link needed to be stable well within the wavelength of the photons (smaller than a micrometer) over 25 kilometer of optical fiber. That challenge compares to keeping the distance between the earth and the moon constant with the accuracy of only a few millimeter. Through a combination of research insights and applied engineering, we were able to solve this puzzle."




"In this work, we demonstrate successful entanglement between two quantum network nodes containing diamond spin qubits. The independently operated nodes are connected through a midpoint station via optical fiber. We were able to reliably deliver a pre-specified entangled state between the nodes."

Collaboration between academia and industry

Co-author Kian van der Enden explains how indispensable the broad expertise of the team was for the success of the project: "Fraunhofer ILT developed a critical component for this demonstration, a new type of quantum frequency converter. OPNT delivered state-of-the-art timing hardware, Element Six provided its engineered synthetic diamond materials and Toptica developed high-stability lasers. Finally, Dutch telecom provider KPN provided the fiber infrastructure as well as the locations of the nodes, the midpoint, and the node in The Hague."

Solid foundation for European quantum internet

This result is an important milestone that addresses key scaling challenges for future quantum networks. Jesse Robbers, Director Industry & Digital Infrastructure of Quantum Delta NL that co-funded the research, adds: "We continue to show leadership in the development of the future fundament of our Digital Infrastructure and how to make it applicable, which is the core of the national and European strategy."

The architecture and methods are directly applicable to other qubit platforms, including the next-generation scalable qubits that the team is currently developing. The successful use of deployed, conventional internet infrastructure sets the stage for a new phase on the road towards a quantum internet. Hanson: "This work marks the crucial step out of the research lab into the field, enabling exploration of first quantum processor networks at metropolitan scale."
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Reactor could make direct air capture more energy efficient | ScienceDaily
Rice University researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption for direct air capture, the removal of carbon dioxide directly from the atmosphere.


						
The new reactor design could be a part of the solution to the pressing problem of emission impacts on the climate and biosphere by enabling more agile and scalable carbon dioxide mitigation strategies.

A study in Nature Energy describes the specialized reactor as having a modular, three-chambered structure with a carefully engineered porous solid electrolyte layer at its core. Haotian Wang, a Rice chemical and biomolecular engineer whose lab has been researching industrial decarbonization and energy conversion and storage solutions, said the work "represents a big milestone in carbon capture from the atmosphere."

"Our research findings present an opportunity to make carbon capture more cost-effective and practically viable across a wide range of industries," said Wang, the corresponding author on the study and associate professor of chemical and biomolecular engineering.

The device has achieved industrially relevant rates of carbon dioxide regeneration from carbon-containing solutions. Its performance metrics, including its long-term stability and adaptability to different cathode and anode reactions, showcase its potential for wide-scale industrial use.

"One of the major draws of this technology is its flexibility," said Wang, explaining that it works with different chemistries and can be used to cogenerate hydrogen. "Hydrogen coproduction during direct air capture could translate into dramatically lower capital and operation costs for downstream manufacturing of net-zero fuels or chemicals."

The new technology offers an alternative to the use of high temperatures in direct air capture processes, which often involve running a mixed gas stream through high-pH liquids in order to filter out carbon dioxide, an acidic gas. This first step of the process ties up the carbon and oxygen atoms in the gas molecules to other compounds in the liquid, forming new bonds of varying degrees of strength depending on the type of chemical used to trap the carbon dioxide. The next major step in the process involves retrieving the carbon dioxide from these solutions, which can be done using either heat, chemical reactions or electrochemical processes.




Zhiwei Fang, a Rice postdoctoral researcher who is a study co-first author, said conventional direct air capture technologies tend to use high-temperature processes to regenerate carbon dioxide from sorbent, or the carbon dioxide-filtering agent.

"Our work focused on using electrical energy instead of thermal energy to regenerate carbon dioxide," Fang said, adding that the approach has several additional benefits, including it works at room temperature, needs no additional chemicals and generates no unwanted byproducts.

The types of chemicals used to trap the carbon dioxide have different drawbacks and advantages. Amine-based sorbents are the most widely used, in part because they tend to form weaker bonds which means less energy is required to take the carbon dioxide back out of the solution. However, they are highly toxic and unstable. Even though basic water-based solutions using sorbents like sodium hydroxide and potassium hydroxide are a greener alternative, they require much higher temperatures to release the carbon dioxide back out.

"Our reactor can efficiently split carbonate and bicarbonate solutions, producing alkaline absorbent in one chamber and high-purity carbon dioxide in a separate chamber," said Wang. "Our innovative approach optimizes electrical inputs to efficiently control ion movement and mass transfer, reducing energy barriers."

Wang said he hopes the research will motivate more industries to pursue sustainable processes and fuel the momentum toward a net-zero future. He added that this and other projects in his lab over the years reflect Rice's strategic focus on sustainable energy innovation.

"Rice is the place to be if you are passionate about sustainability and energy innovation," Wang said.

Other authors on the study are former Rice postdoctoral researcher Xiao Zhang and Rice doctoral alumni and former postdoctoral scientists Peng Zhu and Yang Xia.

The research was supported by the Robert A. Welch Foundation (C-2051) and the David and Lucile Packard Foundation (2020-71371).
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A navigation system for microswimmers | ScienceDaily
By applying an electric field, the movement of microswimmers can be manipulated. Scientists from the Max Planck Institute for Dynamics and Self-Organization (MPI-DS), the Indian Institute of Technology (IIT) Hyderabad and the University of Twente, Netherlands, describe the underlying physical principles by comparing experiments and theoretical modeling predictions. They are able to tune the direction and mode of motion through a microchannel between oscillation, wall adherence and centerline orientation, enabling different interactions with the environment.


						
Microswimmers often need to independently navigate narrow environments like microchannels through porous media or blood vessels. The swimmers can be of biological origin, like algae or bacteria, but also constitute custom designed structures used for the transport of chemicals and drugs. In these cases, it is important to control how they swim in relation to walls and boundaries -- as one might want them to exchange fuel or information, but also avoid them to stick where they are not supposed to.

Many swimmers are electrically charged, such that electric fields can provide a versatile method to guide them through complex environments. Scientists from MPI-DS now explored this idea in experiments on self-propelling artificial microswimmers: "We investigated the influence of a combination of electric fields and pressure-driven flow on the states of motion of artificial microswimmers in a channel," reports Corinna Maass, group leader at MPI-DS and Associate Professor at the University of Twente. "We identified distinct modes of motion and the system parameters that control them" she summarizes. In a previous publication, the scientists already demonstrated that their artificial swimmers prefer to swim upstream, oscillating between the channel walls. With their new finding, it is now possible to control how the swimmers are moving by applying an electric field and flow through the channel.

This way, the researchers generated a broad range of possible motility patterns: The swimmers can be directed to adhere to the channel walls or follow its centerline, either in an oscillating or in a straight motion. They are also able to execute U-turns if they set off in the wrong direction. The scientists analyzed these different states using a general hydrodynamic model that is applicable to any swimmer with a surface charge. Ranabir Dey, Assistant Professor at IIT Hyderabad explains: "We show that the motility of charged swimmers can be further controlled using external electric fields. Our model can help to understand and customize artificial microswimmers, and provide inspiration for autonomous micro-robotic and other biotechnological applications."
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Implantable microparticles can deliver two cancer therapies at once | ScienceDaily
Patients with late-stage cancer often have to endure multiple rounds of different types of treatment, which can cause unwanted side effects and may not always help.


						
In hopes of expanding the treatment options for those patients, MIT researchers have designed tiny particles that can be implanted at a tumor site, where they deliver two types of therapy: heat and chemotherapy.

This approach could avoid the side effects that often occur when chemotherapy is given intravenously, and the synergistic effect of the two therapies may extend the patient's lifespan longer than giving one treatment at a time. In a study of mice, the researchers showed that this therapy completely eliminated tumors in most of the animals and significantly prolonged their survival.

"One of the examples where this particular technology could be useful is trying to control the growth of really fast-growing tumors," says Ana Jaklenec, a principal investigator at MIT's Koch Institute for Integrative Cancer Research. "The goal would be to gain some control over these tumors for patients that don't really have a lot of options, and this could either prolong their life or at least allow them to have a better quality of life during this period."

Jaklenec is one of the senior authors of the new study, along with Angela Belcher, the James Mason Crafts Professor of Biological Engineering and Materials Science and Engineering and a member of the Koch Institute, and Robert Langer, an MIT Institute Professor and member of the Koch Institute. Maria Kanelli, a former MIT postdoc, is the lead author of the paper, which appears in the journal ACS Nano.

Dual therapy

Patients with advanced tumors usually undergo a combination of treatments, including chemotherapy, surgery, and radiation. Phototherapy is a newer treatment that involves implanting or injecting particles that are heated with an external laser, raising their temperature enough to kill nearby tumor cells without damaging other tissue.




Current approaches to phototherapy in clinical trials make use of gold nanoparticles, which emit heat when exposed to near-infrared light.

The MIT team wanted to come up with a way to deliver phototherapy and chemotherapy together, which they thought could make the treatment process easier on the patient and might also have synergistic effects. They decided to use an inorganic material called molybdenum sulfide as the phototherapeutic agent. This material converts laser light to heat very efficiently, which means that low-powered lasers can be used.

To create a microparticle that could deliver both of these treatments, the researchers combined molybdenum disulfide nanosheets with either doxorubicin, a hydrophilic drug, or violacein, a hydrophobic drug. To make the particles, molybdenum disulfide and the chemotherapeutic are mixed with a polymer called polycaprolactone and then dried into a film that can be pressed into microparticles of different shapes and sizes.

For this study, the researchers created cubic particles with a width of 200 micrometers. Once injected into a tumor site, the particles remain there throughout the treatment. During each treatment cycle, an external near-infrared laser is used to heat up the particles. This laser can penetrate to a depth of a few millimeters to centimeters, with a local effect on the tissue.

"The advantage of this platform is that it can act on demand in a pulsatile manner," Kanelli says. "You administer it once through an intratumoral injection, and then using an external laser source you can activate the platform, release the drug, and at the same time achieve thermal ablation of the tumor cells."

To optimize the treatment protocol, the researchers used machine-learning algorithms to figure out the laser power, irradiation time, and concentration of the phototherapeutic agent that would lead to the best outcomes.




That led them to design a laser treatment cycle that lasts for about three minutes. During that time, the particles are heated to about 50 degrees Celsius, which is hot enough to kill tumor cells. Also at this temperature, the polymer matrix within the particles begins to melt, releasing some of the chemotherapy drug contained within the matrix.

"This machine-learning-optimized laser system really allows us to deploy low-dose, localized chemotherapy by leveraging the deep tissue penetration of near-infrared light for pulsatile, on-demand photothermal therapy. This synergistic effect results in low systemic toxicity compared to conventional chemotherapy regimens," says Neelkanth Bardhan, a Break Through Cancer research scientist in the Belcher Lab, and second author of the paper.

Eliminating tumors

The researchers tested the microparticle treatment in mice that were injected with an aggressive type of cancer cells from triple-negative breast tumors. Once tumors formed, the researchers implanted about 25 microparticles per tumor, and then performed the laser treatment three times, with three days in between each treatment.

"This is a powerful demonstration of the usefulness of near-infrared-responsive material systems," says Belcher, who, along with Bardhan, has previously worked on near-infrared imaging systems for diagnostic and treatment applications in ovarian cancer. "Controlling the drug release at timed intervals with light, after just one dose of particle injection, is a game changer for less painful treatment options and can lead to better patient compliance."

In mice that received this treatment, the tumors were completely eradicated, and the mice lived much longer than those that were given either chemotherapy or phototherapy alone, or no treatment. Mice that underwent all three treatment cycles also fared much better than those that received just one laser treatment.

The polymer used to make the particles is biocompatible and has already been FDA-approved for medical devices. The researchers now hope to test the particles in larger animal models, with the goal of eventually evaluating them in clinical trials. They expect that this treatment could be useful for any type of solid tumor, including metastatic tumors.
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Researchers aim to get leg up on bone repair with 3D-printed femur | ScienceDaily
University of Texas at Dallas mechanical engineers have designed a 3D-printed femur that could help doctors prepare for surgeries to repair bones and develop treatments for bone tumors.


						
The engineers, who worked in collaboration with UT Southwestern Medical Center orthopedic surgeons, published their first study on the 3D-printed thigh bone online Aug. 5 in the Journal of Orthopaedic Research.

The study, which focused on the middle section of the bone, establishes 3D-printing parameters for a femur for use in biomechanical testing. Researchers said more studies will be needed before the technology could be available for widespread use.

To study and validate innovative surgical implants and techniques, surgeons perform biomechanical studies using donated cadavers or commercially available synthetic bones, which help them determine optimal surgical fixation and predict the response of the bone. Synthetic bones, also used in surgical training, can be expensive, take time to acquire and lack the ability for patient-specific solutions.

UT Southwestern researchers approached Dr. Wei Li, a UT Dallas expert in 3D-printing technology, two years ago to collaborate on a less costly and faster alternative for orthopedic biomechanical studies.

"To make plans for surgery, surgeons need to know the geometry of the bone," said Li, assistant professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science and corresponding author of the recent study. "With 3D printing, we're able to print out the femur bone sample with the same geometry of the femur inside the body."

Through trial and error, UTD mechanical engineering doctoral student Kishore Mysore Nagaraja developed many iterations of the femur. Mysore Nagaraja, who works in Li's Comprehensive Advanced Manufacturing Lab, performed a series of tests on each artificial bone to measure mechanical performance and material properties to make the samples as similar as possible to real femurs.




"This collaborative experience is the best thing a student could ask for," said Mysore Nagaraja, who is expected to graduate in December. "To get an evaluation of my testing research directly from the doctors who are going to use it is a very good validation of our research."

The bone replica is made of polylactic acid, a bio-based, low-cost biodegradable polymer commonly used in 3D printing. The design, which represents the midsection of the femur, is almost 8 inches long and nearly 1 inch in diameter. In biomechanical tests, it performed as well as a human femur. Researchers estimated each 3D-printed femur cost $7 to make.

Li said 3D-printed bones have a range of potential applications. The polymer, for example, might replace other materials used in bone repair, such as titanium. Li said researchers also could print tumors onto 3D-printed bones and test treatments on the printed samples, or the replicas might be used to help grow human bone tissue.

UT Southwestern researchers involved in the study included first author Dr. Robert Weinschenk, an orthopedic oncology surgeon, and Dr. Richard Samade, a hand and upper extremity surgeon, who run a 3D-printing lab. Both are assistant professors of orthopedic surgery with secondary appointments in biomedical engineering; Samade has a secondary appointment in plastic surgery.

"I reached out to Dr. Li and his team, and fortunately this has turned into an excellent collaboration between us," Weinschenk said. "With the knowledge and skill sets Dr. Samade and I have as surgeons -- both with engineering backgrounds -- in combination with Dr. Li's tremendous knowledge and expertise in mechanical testing and his amazing resources, our collaborative team is uniquely poised to try to tackle these types of challenges."

Additional authors were former UTD student Faiqa Alam BS'23, and Dr. Blaine Oldham, who graduated from UT Southwestern in May.
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Paving the way for harvesting and storing solar energy efficiently | ScienceDaily
As stated by the International Energy Agency (IEA), approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.


						
Conventional thermal energy storage strategies store the energy for short periods, e.g., in the form of hot water. In contrast, molecular solar energy storage systems store solar energy in the form of chemical bonds, allowing it to be preserved for several weeks or even months. These specialized molecules -- or photoswitches -- absorb solar energy and release it later as heat, on demand. However, a key challenge for current photoswitches is the trade-off between energy storage capacity and efficient absorption of solar light, limiting the overall performance. To overcome this issue, research teams at Johannes Gutenberg University Mainz (JGU) and the University of Siegen present a novel approach in a collaborative study.

Decoupling the absorption and storing processes of solar energy

The novel class of photoswitches was first introduced by the group of Professor Heiko Ihmels at the University of Siegen, demonstrating exceptional energy storage potential comparable to conventional lithium-ion batteries. However, their functionality was initially limited to activation by UV light, which constitutes only a small portion of the solar spectrum. The research teams at Mainz and Siegen now introduced an indirect light harvesting method, comparable to the function of the light-harvesting complex in photosynthesis. This incorporates a second compound, a so-called sensitizer, which exhibits excellent absorption properties of visible light. "In this approach, the sensitizer absorbs light and subsequently transfers energy to the photoswitch, which cannot be directly excited under these conditions," explained Professor Christoph Kerzig of the JGU Department of Chemistry.

This new strategy has increased solar energy storage efficiency by more than one order of magnitude, representing a major step forward for the energy conversion research community. The potential applications of these systems span from household heating solutions to large-scale energy storage, offering a promising path towards sustainable energy management.

Mechanistic studies essential for reaction discovery and optimization

The Mainz-based team of researchers led by Professor Christoph Kerzig and PhD student Till Zahringer conducted detailed spectroscopic analyses to explore the complex system, which were essential for understanding the underlying mechanism. Each reaction step was carefully examined by the paper's first author, Till Zahringer, resulting in a thorough understanding of how the system operates. "By doing so, we could not only push the light-harvesting limit substantially but also improve the conversion efficiency of light to stored chemical energy," explained Zahringer. Under operational conditions, each absorbed photon can trigger a chemical bond formation process, which is rarely observed in photochemical reactions owing to several energy loss channels. The scientists successfully validated the system's robustness and practicality by cycling between the energy storage state and the energy release state multiple times employing solar light, highlighting its potential for real-world applications.

The results have been published in Angewandte Chemie, where the work has been classified as a Hot Paper due to exceptional evaluations from scientific reviewers.

This research project received financial support from the German Research Foundation (DFG) and the German Federal Environment Foundation, providing a project grant to Christoph Kerzig and a fellowship to Till Zahringer, respectively. Further support came from the House of Young Talents and the Stiftung Nagelschneider of the University of Siegen.
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Ultrasound can be used as search and rescue tool for the brain | ScienceDaily
Ultrasound, once used almost exclusively to take images of the body, is quickly developing into a targeted therapy that can have a potentially life-changing impact on our brains, according to the authors of a new article.


						
For decades, health professionals across the world have used ultrasound as a means of monitoring the development of unborn babies and assessing the health of patients' internal organs.

But writing in the journal PLOS Biology, researchers from Stanford University, the University of Plymouth, and Attune Neurosciences say it has now been demonstrated to offer a non-invasive and precise way of targeting specific areas of the human brain.

This is enabling them to investigate how a technique known as transcranial ultrasound stimulation (TUS) can help people with conditions ranging from pain, alcoholism, obsessive-compulsive disorder (OCD), and Parkinson's disease, all without the use of drugs or surgery.

Beyond the treatment, the researchers discuss in the new article how the technology can also be used to temporarily test areas before treating them, serving as a sort of "search and rescue tool for the brain."

This enables them to find the sources of brain-related issues and disorders prior to treating them, which may be on the critical path towards personalized treatments.

However, they acknowledge there are still a number of complex challenges that need to be addressed before TUS can be rolled out in healthcare settings -- and maybe even homes -- on a global scale.




These include the fact that each of the 8.2 billion brains and skulls on the planet is different, and work is still required to tailor the technique so that it can be delivered in such a way as to enable as many people as possible to benefit from it.

And while significant advances have been made to the technology, reaching a point where it can still be effective -- but also sustainable from a cost perspective -- is still some years away.

But at present the researchers have developed and are testing a TUS device small and simple enough for people to use them at home following a series of clinical assessments, rather than having to continually go into hospitals or other healthcare settings.

The article was written by Dr Keith Murphy, co-founder of Attune Neurosciences and researcher at Stanford University School of Medicine, and Professor Elsa Fouragnan, who leads the Brain Stimulation Lab in the University of Plymouth's Brain Research and Imaging Centre.

Dr Murphy said: "There are countless reasons people can't get to a clinic, whether it's financial strain or simply not having the time. In the past few years, we've made substantial progress towards a device that leverages MRI precision guidance but may still be used safely at home. We've always believed that portability was a critical step towards making advanced brain therapies accessible to everyone and we've made great strides in demonstrating that it works."

The researchers further discuss how focused ultrasound can also be integrated with other emerging technologies, for example improving the accuracy and effectiveness of interfaces that enable direct communication between the brain and external devices.

Professor Fouragnan added: "Over many years, we have improved our understanding of how the brain works and the failings within it that lead to neurological and mental health conditions. However, while advances have been made in treatments, they have not happened at a similar pace. We believe TUS can fill that gap and through our research to this point, we have discovered how it can be a genuine search and rescue tool for the brain. Clinicians and patients are excited about its potential, and if the current pace of development continues, we could have a risk-free technology that can positively impact millions, if not billions, of people."
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Face-conforming LED mask showing 340% improved efficacy in deep skin elasticity | ScienceDaily
A KAIST research team led by Professor Keon Jae Lee has developed a deep skin-stimulating LED mask which has been verified in clinical trials to improve dermis elasticity by 340%.


						
Conventional LED masks, with their rigid design, fail to conform closely to the skin's contours. This limitation causes substantial light reflection, with up to 90% reflected over a distance of 2 cm, reducing light penetration and limiting stimulation of the deep skin layers essential for effective skin rejuvenation.

To address these challenges, Professor Lee's team developed a face-conforming surface lighting micro-LED (FSLED) mask, which can provide uniform photostimulation to the dermis. The key technology lies in the mask's ability to deliver uniform light to deep skin tissues while maintaining a conformal skin attachment. This is achieved through a 3D origami structure, integrated with 3,770 micro-LEDs and flexible surface light-diffusion layer, minimizing the gaps between the light source and the skin.

In clinical trials involving 33 participants, the FSLED mask demonstrated a 340% improvement in deep skin elasticity compared to conventional LED masks, proving its efficacy in significantly reducing skin wrinkles, sagging and aging.

Professor Keon Jae Lee said, "The FSLED mask provides cosmetic benefits to the entire facial dermis without the side effects of low-temperature burns, making home-care anti-aging treatment that enhances the quality of human life possible. The product is being manufactured by Fronics, KAIST startup company, and will be distributed globally through Amorepacific's network, with sales starting in November."
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New imaging analysis technique revolutionizes diagnostics of head and neck cancers | ScienceDaily
Squamous cell carcinoma of the head and neck area is among the ten most common types of cancer.


						
Using a method based on machine learning, researchers at the University of Helsinki in collaboration with the University of Turku and the Max Planck Institute for Molecular Biomedicine in Germany analysed hundreds of biobank patient samples at the level of accuracy of individual cells. The new technology combines indicators of cancer cell behavior and the architecture of the tumor and the surrounding healthy tissue to create a type of 'fingerprint' for each patient that can be used to assess the prognosis and treatment response to cancer.

The most significant finding of the study was the development of a new imaging analysis technique that combines analyses of biomarkers of cell behavior with morphological analyses of single cell shape and the structure of the entire tumor tissues. The method enabled the identification of two new previously undetected groups of patients. For the first group, the prognosis was exceptionally good, while in the second it was exceptionally bad. The difference was explained by the spefic combination of a specific cancer cell state and the composition of the tissue surrounding the cancer cells. In the latter group, the aggressiveness of the disease was associated with signalling between cancer tissue and surrounding healthy connective tissue mediated by the epidermal growth factor (EGF).

"These results are a breakthrough in understanding cancer development and diagnostics. For the first time, we have shown that specific combinations of malignant cells and tissue cell types in what is considered healthy tissue have a strong prognostic effect on cancer progression. In addition, we identified a key signalling pathway that explains this compound effect and which can be pharmacologically targeted, consequently significantly affecting the progression of the cancer," says Research Director Sara Wickstrom.

"In addition, our method was able to identify patients with a particularly poor prognosis who would benefit from an aggressive treatment strategy. On the other hand, we also identified a group of patients whose prognosis was good and for whom a less aggressive treatment, such as a surgical procedure alone, could be sufficient. This would help preserve patient quality of life" says Postdoctoral Researcher Karolina Punovuori from Wickstrom's research group.

Diagnostic test under development

The new imaging method opens the door for precision diagnoses for cancers in the head and neck area. The researchers are currently developing a diagnostic test for more accurate diagnosis of this type of cancer. In addition, they are also studying the use of the method in the diagnostics of other types of cancer, such as colorectal cancer. They have received Business Finland's Research to Business funding for the Multivision Diagnostics project, which develops applications that may become available to cancer clinics.

"Our research utilises the latest analysis methods in machine learning and spatial biology. We analyse hundreds of patient samples and millions of cells, which is only possible with the help of high-performance computers and artificial intelligence. This study is part of a new revolution in cancer diagnostics. We believe that the technology will significantly improve cancer diagnostics and the accuracy of treatment strategies," Sara Wickstrom explains.

"Imaging of cancer biomarkers using antibody stainings is already in clinical use. Therefore the method will not be particularly expensive, since it only requires the algorithm developed by us and a special combination of antibodies. Considering the cost of cancer treatment, this is actually quite affordable," she continues.

Head and neck cancers have increased considerably in the last 30 years.
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Materials research: Surprise at the grain boundary | ScienceDaily
Using state-of-the-art microscopy and simulation techniques, an international research team systematically observed how iron atoms alter the structure of grain boundaries in titanium. They were in for a surprise: "Iron atoms not only segregate to the interface, but they form entirely unexpected cage-like structures," explains Prof. Dr. Christian Liebscher from the Research Center Future Energy Materials and Systems of the University Alliance Ruhr. The researchers did not expect such a behavior. Their findings have been published in the journal Science on October 25, 2024.


						
A new type of segregation behavior

Most technological materials have a polycrystalline structure: they are composed of different crystals, where atoms are arranged in a regular lattice. These crystals do not have the same orientation everywhere and the interfaces separating them are known as grain boundaries. "These grain boundaries have an enormous influence on the durability and overall performance of a material," says Dr. Vivek Devulapalli who has performed the microscopy work of the study. He adds: "But we have very limited understanding what happens when elements segregate to grain boundaries and how they influence the properties of a material."

The key to success was to observe and model the structures at atomic resolution. The researchers correlated their results from atomic-resolution scanning transmission electron microscopy with advanced computer simulations. A new grain boundary structure prediction algorithm was able to generate the experimentally observed structures and enables to study their structure. "Our simulations show that for different iron contents, we always find the cage structures as the underlying building blocks of different grain boundary phases. As the iron level increases at the grain boundary, more icosahedral units appear and eventually agglomerate," explains Dr. Enze Chen from Stanford University. An icosahedron is a geometric object with 12 corners or vertices, in this case occupied by atoms, and 20 planes.

"We have identified more than five distinct structures or grain boundary phases of the same boundary, all composed of different arrangements of the same icosahedral cage units," adds Dr. Timofey Frolov who was leading the computational work of the study.

Quasicrystalline-like grain boundary phases

A closer inspection of the cage structures revealed that the atoms adopt an icosahedral arrangement with iron atoms being located at the center of the icosahedron and titanium atoms occupying its vertices. "The icosahedral cages enable a dense packing of iron atoms and since they can form aperiodic clusters, more than two to three times the amount of iron can be accommodated at the grain boundary," explains Vivek Devulapalli. "It appears as if iron is trapped inside of quasicrystalline-like grain boundary phases," adds Chen. "This is attributed to the properties of the icosahedral cages," says Liebscher, "and we now need to find ways to study how they influence the interface properties and with this the material behavior."

New pathways for materials design

Understanding and controlling the formation of icosahedral grain boundary phases with different structures and properties can potentially be used to tailor the properties of materials. The researchers now want to systematically investigate how these novel grain boundary states can be used to tune material behavior, adjust a certain material functionality and to make materials more resilient against degradation processes.
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Optimal standing positions and ventilation in airport smoking lounges | ScienceDaily
While many smoking rooms in U.S. airports have closed in recent years, they are still common in other airports around the world. These lounges can be ventilated, but how much does it actually help the dispersion of smoke?


						
Research published in Physics of Fluids, by AIP Publishing, shows that not all standing positions in airport smoking lounges are created equal.

Researchers from the University of Hormozgan in Iran studied nicotine particles in a simulated airport smoking room and found that the thermal environment and positioning of smokers influenced how particles settle in the room.

Additionally, smokers seated farther from ventilation inlets experienced the lowest levels of pollution in the room.

"We expected that people who are standing in the corners would report the same amount of particles settling on their body," author Younes Bakhshan said. "But according to the numbers that we determined, the wave created by the ventilation in the room is not the same every time."

The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilation system with three exhaust air diffusers.

The manikin smokers "exhaled" cigarette smoke through their mouths and noses, and the flow of the particles was modeled and observed. They found that over time, as the concentration of particles decreases in the air, the particles settling on the smokers increases.




"According to the results, body heat causes more absorption of cigarette pollution," Bakhshan said. "We suggest that if people have to smoke in the room, empty places are the best to choose."

The results gave insight into improving ventilation in smoking lounges.

"According to previous research, displacement ventilation system is the best for a smoking room," Bakhshan said. "But if we want to optimize the HVAC system, we suggest that the exhaust should be installed on the wall in addition to the vents placed on the ceiling."

Next, the researchers want to take a step beyond measuring particle dispersion to particle reduction.

"We believe that smokers who go into the smoking room for the sake of others' health should be also protected from the harmful effects of secondhand smoke," Bakhshan said.
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A faster, better way to train general-purpose robots | ScienceDaily
In the classic cartoon "The Jetsons," Rosie the robotic maid seamlessly switches from vacuuming the house to cooking dinner to taking out the trash. But in real life, training a general-purpose robot remains a major challenge.


						
Typically, engineers collect data that are specific to a certain robot and task, which they use to train the robot in a controlled environment. However, gathering these data is costly and time-consuming, and the robot will likely struggle to adapt to environments or tasks it hasn't seen before.

To train better general-purpose robots, MIT researchers developed a versatile technique that combines a huge amount of heterogeneous data from many of sources into one system that can teach any robot a wide range of tasks.

Their method involves aligning data from varied domains, like simulations and real robots, and multiple modalities, including vision sensors and robotic arm position encoders, into a shared "language" that a generative AI model can process.

By combining such an enormous amount of data, this approach can be used to train a robot to perform a variety of tasks without the need to start training it from scratch each time.

This method could be faster and less expensive than traditional techniques because it requires far fewer task-specific data. In addition, it outperformed training from scratch by more than 20 percent in simulation and real-world experiments.

"In robotics, people often claim that we don't have enough training data. But in my view, another big problem is that the data come from so many different domains, modalities, and robot hardware. Our work shows how you'd be able to train a robot with all of them put together," says Lirui Wang, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this technique.




Wang's co-authors include fellow EECS graduate student Jialiang Zhao; Xinlei Chen, a research scientist at Meta; and senior author Kaiming He, an associate professor in EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL). The research will be presented at the Conference on Neural Information Processing Systems.

Inspired by LLMs

A robotic "policy" takes in sensor observations, like camera images or proprioceptive measurements that track the speed and position a robotic arm, and then tells a robot how and where to move.

Policies are typically trained using imitation learning, meaning a human demonstrates actions or teleoperates a robot to generate data, which are fed into an AI model that learns the policy. Because this method uses a small amount of task-specific data, robots often fail when their environment or task changes.

To develop a better approach, Wang and his collaborators drew inspiration from large language models like GPT-4.

These models are pretrained using an enormous amount of diverse language data and then fine-tuned by feeding them a small amount of task-specific data. Pretraining on so much data helps the models adapt to perform well on a variety of tasks.




"In the language domain, the data are all just sentences. In robotics, given all the heterogeneity in the data, if you want to pretrain in a similar manner, we need a different architecture," he says.

Robotic data take many forms, from camera images to language instructions to depth maps. At the same time, each robot is mechanically unique, with a different number and orientation of arms, grippers, and sensors. Plus, the environments where data are collected vary widely.

The MIT researchers developed a new architecture called Heterogeneous Pretrained Transformers (HPT) that unifies data from these varied modalities and domains.

They put a machine-learning model known as a transformer into the middle of their architecture, which processes vision and proprioception inputs. A transformer is the same type of model that forms the backbone of large language models.

The researchers align data from vision and proprioception into the same type of input, called a token, which the transformer can process. Each input is represented with the same fixed number of tokens.

Then the transformer maps all inputs into one shared space, growing into a huge, pretrained model as it processes and learns from more data. The larger the transformer becomes, the better it will perform.

A user only needs to feed HPT a small amount of data on their robot's design, setup, and the task they want it to perform. Then HPT transfers the knowledge the transformer grained during pretraining to learn the new task.

Enabling dexterous motions

One of the biggest challenges of developing HPT was building the massive dataset to pretrain the transformer, which included 52 datasets with more than 200,000 robot trajectories in four categories, including human demo videos and simulation.

The researchers also needed to develop an efficient way to turn raw proprioception signals from an array of sensors into data the transformer could handle.

"Proprioception is key to enable a lot of dexterous motions. Because the number of tokens is in our architecture always the same, we place the same importance on proprioception and vision," Wang explains.

When they tested HPT, it improved robot performance by more than 20 percent on simulation and real-world tasks, compared with training from scratch each time. Even when the task was very different from the pretraining data, HPT still improved performance.

In the future, the researchers want to study how data diversity could boost the performance of HPT. They also want to enhance HPT so it can process unlabeled data like GPT-4 and other large language models.

"Our dream is to have a universal robot brain that you could download and use for your robot without any training at all. While we are just in the early stages, we are going to keep pushing hard and hope scaling leads to a breakthrough in robotic policies, like it did with large language models," he says.
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AI in healthcare: New research shows promise and limitations of physicians working with GPT-4 for decision making | ScienceDaily

The study was conducted with 50 U.S.-licensed physicians in family medicine, internal medicine and emergency medicine. The research team found that the availability of GPT-4 to physicians as a diagnostic aid did not significantly improve clinical reasoning compared to conventional resources. Other key findings include:
    	GPT-4 alone demonstrated significantly better scores in diagnostic performance, surpassing the performance of clinicians using conventional diagnostic online resources and clinicians assisted by GPT-4.
    	There was no significant enhancement in diagnostic performance with the addition of GPT-4 when assessing clinicians using GPT-4 against clinicians using conventional diagnostic resources.

"The field of AI is expanding rapidly and impacting our lives inside and outside of medicine. It is important that we study these tools and understand how we best use them to improve the care we provide as well as the experience of providing it," said Andrew Olson, MD, a professor at the U of M Medical School and hospitalist with M Health Fairview. "This study suggests that there are opportunities for further improvement in physician-AI collaboration in clinical practice."

These results underline the complexity of integrating AI into clinical practice. While GPT-4 alone showed promising results, the integration of GPT-4 as a diagnostic aid alongside clinicians did not significantly outperform the use of conventional diagnostic resources. This suggests a nuanced potential for AI in healthcare, emphasizing the importance of further exploration into how AI can best support clinical practice. Further, more studies are needed to understand how clinicians should be trained to use these tools.

The four collaborating institutions have launched a bi-coastal AI evaluation network -- known as ARiSE -- to further evaluate GenAI outputs in healthcare.

Funding for this research was provided by the Gordon and Betty Moore Foundation.
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Significant extension of zinc battery lifespan | ScienceDaily
The transition to renewable energy requires efficient methods for storing large amounts of electricity. Researchers at the Technical University of Munich (TUM) have developed a new method that could extend the lifespan of aqueous zinc-ion batteries by several orders of magnitude. Instead of lasting just a few thousand cycles, they could now endure several hundred thousand charge and discharge cycles.


						
The key to this innovation is a special protective layer for the zinc anodes of the batteries. This layer addresses previous issues such as the growth of needle-like zinc structures -- known as zinc dendrites -- as well as unwanted chemical side reactions that trigger hydrogen formation and corrosion.

The research team, led by Prof. Roland A. Fischer, Chair of Inorganic and Metal-Organic Chemistry at the TUM School of Natural Sciences, uses a unique material for this purpose: a porous organic polymer called TpBD-2F. This material forms a stable, ultra-thin, and highly ordered film on the zinc anode, allowing zinc ions to flow efficiently through nano-channels while keeping water away from the anode.

Zinc Batteries as a Cost-Effective Alternative to Lithium-Ion Batteries

Da Lei, Ph.D. student and lead author of the research published in Advanced Energy Materials, explains: "Zinc-ion batteries with this new protective layer could replace lithium-ion batteries in large-scale energy storage applications, such as in combination with solar or wind power plants. They last longer, are safer, and zinc is both cheaper and more readily available than lithium." While lithium remains the first choice for mobile applications like electric vehicles and portable devices, its higher costs and environmental impact make it less attractive for large-scale energy storage.

Prof. Roland A. Fischer adds: "This is truly a spectacular research result. We have shown that the chemical approach developed by Da Lei not only works but is also controllable. As fundamental researchers, we are primarily interested in new scientific principles -- and here we have discovered one. We have already developed a first prototype in the form of a button cell. I see no reason why our findings couldn't be translated to larger applications. Now, it's up to engineers to take up the idea and develop appropriate production processes."
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New solvent-free 3D printing material could enable biodegradable implants | ScienceDaily
Additive manufacturing (AM) has revolutionized many industries and holds the promise to affect many more in the not too distant future. While people are most familiar with the 3D printers that function much like inkjet printers, another type of AM offers advantages using a different approach: Building objects with light one layer at a time.


						
One such technology is digital light processing (DLP). Widely used in both industrial and dental applications, DLP works by converting a liquid resin into a solid part using light, essentially pulling solid objects out of a shallow pool of resin one layer at a time.

A major challenge to using this 3D printing method, however, is that the resins need to have a low viscosity, almost like water, to function properly at high resolution. Plenty of polymers that would otherwise be useful in DLP printing are solids or too viscous, requiring solvents to dilute them to an appropriate consistency.

But adding these solvents also causes significant drawbacks, like poor dimensional accuracy after printing due to part shrinkage (up to 30%) coupled with residual stress that occurs as the solvent evaporates.

In a paper published August 30 online in Angewandte Chemie International Edition, researchers at Duke University have invented a new solvent free polymer for DLP printing. Besides eliminating the shrinkage problem, the lack of solvent also results in improved mechanical properties of the part while maintaining the ability to degrade in the body.

"I wanted to create an inherently thin, low-viscosity material for DLP to use for degradable medical devices," said Maddiy Segal, a MEMS PhD candidate working in the laboratory of Matthew Becker, the Hugo L. Blomquist Distinguished Professor of Chemistry at Duke. "It took a lot of attempts, but eventually I was able to identify optimal monomers and a synthetic technique to create a solvent free polymer that can be used in a DLP printer without any dilution."

Being one of the first solvent free resins that can be used in DLP printing, Segal was interested in testing the properties of parts made with it. She was excited to discover that the test parts did not shrink or distort at all and in general, they were also stronger and more durable than those made with solvents. According to her findings, this is one of the first empirical demonstrations of increased mechanical properties from eliminating solvent use in DLP 3D printing of degradable polymers.




To create her new polymer, Segal analyzed the structure and properties of existing resins developed by the Becker Lab and others and modified the monomers and chain length in a step-by-step empirical approach to achieve the desired low-viscosity polymers. She essentially used a "guess and check" approach, adjusting the polymer's monomers or "recipes" until she found a combination that worked.

The process isn't entirely dissimilar from cooking a meal. It involves mixing specific combinations of ingredients, heating them, and then testing the results until achieving the desired outcome. In total, Segal experimented with about 60 different combinations before finally making the product she had been hoping for.

"Besides making a material that didn't shrink and was stronger, I also wanted it to be useful for medical applications," Segal said. "I'm trying to make prototype devices that are both biocompatible and degradable. Eliminating toxic solvents from the process will help me do that."

Segal's ultimate goal with this work is to apply this technique to biodegradable medical implants. Some materials used to make temporary medical implants today are not degradable and require multiple surgeries to not only implant them, but also remove them. Through her research, Segal aims to develop implants that can be degraded through the body's natural processes.

Devices fabricated from this material could be implanted and designed to degrade naturally over time, eliminating the need for additional surgeries to remove the device. It could also potentially be used as a bone adhesive to hold fractures together temporarily or in soft robotics applications, where a soft, degradable material is needed.

"This kind of material is what makes this particular application the primary goal of my work," Segal said. "And in reality, this technique could be used for any sort of implant that you would want to degrade after some time and not stay there forever."

This research is supported by the National Institutes of Health (1R01HL159954-01). A provisional patent application covering the technology has been filed by Duke University (Application #63544353).
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Age assurance online needs to be child-rights respecting, new study says | ScienceDaily
A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online-a new study says.


						
Experts found many current age assurance methods -- especially self-declaration -- provide far too low a level of age assurance to meet legal obligations in traditional and relatively new legislation such as the Digital Services Act and the UK Online Safety Act 2023.

The research says so far age assurance has often been ineffective in protecting children from online harm and it risks their privacy and harms their civil rights.

Age assurance measures are often poorly implemented, exposing children to inappropriate content, harmful products and services, and depriving them of the high level of data protection mandated by the GDPR.

Legal age restrictions in some form have existed for a long time concerning children's ability to access content, goods and services. The advent of the internet has raised several challenges for child protection as well as children's rights.

The study says it is important to restrict children's access to inappropriate content, goods and services, but also important that higher levels of protection do not lead to children being excluded from digital services of value to them.

Age assurance is an umbrella term used to describe methods that estimate or verify someone's age. Researchers call for a "child rights" approach, which requires that children should be consulted on safety and privacy measures, and all measures should be subject to robust evaluation. They identified serious child rights concerns in relation to protection, discrimination, privacy, the right to be heard, other civil rights and freedoms, and remedy.




Age assurance should include privacy-by-design and safety-by-design, to ensure children can enjoy age-appropriate digital opportunities as well as protections.

The European Commission-funded study, by Sonia Livingstone and Mariya Stoilova, from the London School of Economics and Political Science, Abhilash Nair, from the University of Exeter, Simone van der Hof, from Leiden University and Cansu Caglar, from Queen Mary University of London is published in the International Journal of Child Rights.

Researchers examined the legal requirements for age assurance in Europe for online content, online sale of alcohol & tobacco and online gambling, assessed compliance by companies, and analysed the consequences for family life.

They found a lack of clear guidelines from regulators as to how appropriate measures can be implemented in practice could leave both service providers and users with considerable uncertainty. Most specific age restrictions set by providers represent a business decision to exclude children rather than invest in designing services appropriate for them.

Professor Nair said: "We found there is a myriad of legislation across the EU that require age checks, but without appropriate age assurance mechanisms in place many of those laws have not been meaningfully enforced. There is now a renewed interest in age assurance, and it is important that we get it right this time so that age assurance tools can serve as a useful tool to achieve compliance with the laws but at the same time are rights respecting for all, and particularly for children."

Professor Livingstone said: "Digital services can make a hugely important contribution to children's development and should therefore be accessible to them. The threshold for age-based restrictions should be set according to whether, on balance, content, services or products are potentially harmful to children or certain age groups of children, bearing in mind all their rights."

Professor van der Hof said: "Although age assurance is the responsibility of digital service providers, they seem to shift the responsibility from digital service providers to children and parents by expecting them to provide the correct age or date of birth at registration. When children do use digital services below the minimum age set by providers, they find themselves using services that do not consider their safety specifically and may therefore not be age appropriate.




The study says children's right to be heard means that they should be meaningfully involved in the design and development of assurance and consent mechanisms and must be provided with easy access to make complaints when their rights are not observed or get support in using age assurance:

Experts found age assurance is only partially trusted, though this might be improved by setting standards for the efficacy of age assurance and age restrictions, combined with certification schemes as a statutory requirement for providing age-restricted content.

Researchers analysedexisting laws and regulations relevant to mandatory age assurance applicable to online content, online gambling and the online sale of alcohol and tobacco in the EU and UK. They also carried out a review of methods in the EU for obtaining parental consent and maintaining children's rights. They also reviewed the evidence on age assurance and parental control tools from the perspective of children and families.
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Potential of MXenes for nanotech applications | ScienceDaily
A research team led by University of Nebraska-Lincoln materials scientists is exploring the physical properties of MXenes, a fast-growing family of two-dimensional materials with potential for many nanotechnology applications.


						
The team's work builds on about two decades of research into graphenes, another family of 2D materials with important uses across many domains but which exhibit some shortcomings compared to MXenes (pronounced "maxenes").

MXenes are made of atomically thin layers of transition metal carbides, nitrides or carbonitrides. They originate in what's called the MAX phase, whose name describes its signature components: the "M," a transition metal such as titanium or chromium; an "A" element such as aluminum; and the "X," representing carbon or nitrogen atoms. The components are packed into a layered structure. To synthesize MXenes, chemists have used acidic solutions to etch away the layers of "A" elements while leaving the other layers intact -- a relatively simple, high-yield technique.

Several dozen MXenes with different combinations of "M" and "X" elements have been synthesized. The Nebraska team has focused on one little-studied version that contains chromium, titanium and carbon atoms, said Alexander Sinitskii, professor of chemistry and lead researcher.

"The field is rapidly growing," Sinitskii said.

MXenes have proved useful in storing energy, purifying water, protecting against electromagnetic interference, biomedical applications and more.

The keys to their usefulness are their chemical and structural diversity, as well as their scalability and processability, said Sinitskii, who also is affiliated with the Nebraska Center for Materials and Nanoscience, a nationally recognized center of excellence that draws upon research expertise from three of the four University of Nebraska campuses.




MXenes have a large surface area and are easily tunable. They also have a strong response to light and are hydrophilic -- attracted to water -- due to their oxygen- and hydroxyl-terminated surfaces.

Sinitskii's team has discovered that the MXene containing chromium and titanium has "a certain set of properties not seen in others." Previous research by the Nebraska team on other MXene materials revealed their n-type (electron-rich) character and decreased conductivity in response to light. In contrast, the new material is the first MXene with demonstrated p-type (electron-deficient) property and increasing conductivity under illumination.

"These are very unusual characteristics for MXenes," Sinitskii said. "In many electronic applications, both n- and p-type materials are required and used in combination. Previously studied MXenes were all n-type, but now we demonstrate the first p-type MXene. This should enable complex structures where complementary MXenes are used together to achieve new electronic functionalities."

His team also has been able to produce larger, more uniform flakes of the chromium/titanium carbide MXene than previously available, which makes them easier to research and use.

The team's research was published in the Oct. 1 issue of the journal Matter.

Other Husker authors are Saman Bagheri, postdoctoral research associate, chemistry; Michael J. Loes, graduate student, chemistry; Haidong Lu, research assistant professor, physics and astronomy; Rashmeet Khurana, graduate student, chemistry; Md. Ibrahim Kholil, graduate student, chemistry; and Alexei Gruverman, Mach Professor of physics and astronomy. Co-authors, all from the South Dakota School of Mines and Technology, are Alexey Lipatov, Khimananda Acharya and Tula R. Paudel.
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Bird wings inspire new approach to flight safety | ScienceDaily
Taking inspiration from bird feathers, Princeton engineers have found that adding rows of flaps to a remote-controlled aircraft's wings improves flight performance and helps prevent stalling, a condition that can jeopardize a plane's ability to stay aloft.


						
"These flaps can both help the plane avoid stall and make it easier to regain control when stall does occur," said Aimy Wissa, assistant professor of mechanical and aerospace engineering and principal investigator of the study, published in the Proceedings of the National Academy of Sciences.

The flaps mimic a group of feathers, called covert feathers, that deploy when birds perform certain aerial maneuvers, such as landing or flying in a gust. Biologists have observed when and how these feathers deploy, but no studies have quantified the aerodynamic role of covert feathers during bird flight. Engineering studies have investigated covert-inspired flaps for improving engineered wing performance, but have mostly neglected that birds have multiple rows of covert feathers. The Princeton team has advanced the technology by demonstrating how sets of flaps work together and exploring the complex physics that governs the interaction.

Girguis Sedky, postdoctoral researcher and the paper's lead author, called the technique "an easy and cost-effective way to drastically improve flight performance without additional power requirements."

The covert flaps deploy or flip up in response to changes in airflow, requiring no external control mechanisms. They offer an inexpensive and lightweight method to increase flight performance without complex machinery. "They're essentially just flexible flaps that, when designed and placed properly, can greatly improve a plane's performance and stability," Wissa said.

A wing's teardrop form forces air to flow quickly over its top, creating a low-pressure area that pulls the plane up. At the same time, air pushes against the bottom of the wing, adding upward pressure. Designers call the combination of this pull and push "lift." Changes in flight conditions or a drop in an aircraft's speed can result in stall, rapidly reducing lift.

Wissa's team designed a series of experiments in the wind tunnel at Princeton's Forrestal Campus to understand how flaps mimicking the feathers would affect flight performance, especially near stall, which usually happens when the plane is at a steep angle, when covert feathers were observed to deploy. The tunnel allowed the team to examine the way different flap arrangements affected variables like air pressure around the wings, wind speed over the wing and vortices that impact performance.




The team attached the covert-inspired flaps to a 3D-printed model airplane wing and mounted it in the wind tunnel, a 30-foot-tall metal contraption that simulates and measures air flow. "The wind tunnel experiments give us really precise measurements for how air interacts with the wing and the flaps, and we can see what's actually happening in terms of physics," Sedky said.

The wind tunnel is equipped with sensors that read the forces felt by the wing, as well as a laser and high-speed camera that measure precisely how air is moving around the wing.

The study uncovered the physics by which the flaps improved lift and identified two ways that the flaps control air moving around the wing. One of these control mechanisms had not been previously identified. The researchers uncovered the new mechanism, called shear layer interaction, when they were testing the effect of a single flap near the front of the wing. They found that the other mechanism is only effective when the flap is at the back of the wing.

The researchers tested configurations with a single flap and with multiple flaps ranging from two rows to five rows. They found that the five-row configuration improved lift by 45%, reduced drag by 30% and enhanced the overall wing stability.

"The discovery of this new mechanism unlocked a secret behind why birds have these feathers near the front of the wings and how we can use these flaps for aircraft," Wissa said. "Especially because we found that the more flaps you add to the front of the wing, the higher the performance benefit."

Following the results of the wind tunnel experiments, the team moved outside the lab and into the field to test the covert-inspired flaps on a scaled model aircraft. Princeton's Forrestal Campus was once an airport and still features an operational helipad. So, the researchers teamed up with Nathaniel Simon, graduate student in mechanical and aerospace engineering who researches drone flight, and demonstrated the technology in real-world conditions by equipping a radio-controlled (RC) airplane with covert-inspired flaps.

The researchers worked with members of the Somerset RC model aircraft club to select a model plane. The researchers then modified the airplane body to outfit it with an onboard flight computer, and Simon drew on his experience piloting drones to fly it. They programmed the flight computer to stall the aircraft autonomously and repeatedly. Simon said it was amazing to see the flaps deploy in-flight and to see that they helped delay and reduce stall intensity, just as they did in the wind tunnel. "It's cool to be able to collaborate in the shared space at the Forrestal campus, and to see how many areas of research this project touched," he said.

Sedky said that in addition to improving flight, their findings could be extended to other applications where modifying the surrounding fluid would benefit performance. "What we discovered about how coverts alter the airflow around the wing can be applied to other fluids and other bodies, making them applicable to cars, underwater vehicles, and even wind turbines," he said.

Wissa said that this study could open the door to collaborations with biologists to learn more about the role of covert feathers in bird flight, and that the results of this study will help form new hypotheses that can be tested on birds. "That's the power of bioinspired design," she said. "The ability to transfer things from biology to engineering to improve our mechanical systems, but also use our engineering tools to answer questions about biology."
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Enhancing the accuracy of wearables that measure blood glucose levels | ScienceDaily
Diabetes is an increasingly pervasive disease, currently affecting over 500 million adults worldwide. Since there is as yet no cure for type 1 or type 2 diabetes, patients must regularly monitor their BGLs to keep them in check. Though BGL-measuring devices relying on painful finger pricks have been the gold standard for decades, modern technology is slowly opening doors to better alternatives.


						
Many researchers have proposed noninvasive methods to monitor BGLs using widely available wearable devices, such as smartwatches. For example, by placing the LEDs and photodetectors present in certain smartwatches against the skin, oxyhemoglobin and hemoglobin pulse signals can be measured to calculate a metabolic index, from which BGLs can be estimated. However, given the small size and limited power of smartwatches and similar wearables, the data quality of the measured signals tends to be quite low. Moreover, as these devices are worn on extremities, daily movements introduce measurement errors. These problems limit the accuracy and clinical applicability of such wearables for diabetes management.

A team from Hamamatsu Photonics K.K., Japan, has been actively researching this issue, looking for effective solutions. In a recent study led by Research and Development Engineer Tomoya Nakazawa, published in the Journal of Biomedical Optics (JBO), they conducted an in-depth theoretical analysis of the sources of errors in the metabolic-index-based method. Based on this analysis, they implemented a novel signal quality index to filter out low-quality data as a preprocessing step and thereby enhance the accuracy of estimated BGLs.

"As smartwatches are widely adopted across different regions and age groups, and with the global rise in diabetes cases, a signal quality enhancing method that is easy to implement and apply regardless of personal and individual differences is absolutely essential for meeting the increasing worldwide demand for noninvasive glucose monitoring devices," remarks Nakazawa, explaining the motivation behind the study.

First, the researchers mathematically showed that discrepancy between the two types of phase delays in the oxyhemoglobin and hemoglobin pulse signal calculated by different methods provides a good measure of the influence of noise. They then considered two main sources of phase error, namely, a background noise level and the estimation errors introduced via sampling at discrete intervals. After formalizing these sources of errors, they calculated the effect on the estimated metabolic index.

The proposed screening approach involves implementing thresholds for the phase estimation and metabolic index errors. Data chunks that exceed the set thresholds are discarded, and the missing values are approximated using other means based on the rest of the data.

To test this strategy, the researchers conducted a long-term experiment in which the sensors in a commercial smartwatch were used to monitor the BGLs of a healthy individual during "oral challenges." In each of the 30 tests conducted over four months, the subject would fast for two hours before consuming high-glucose foods. Their BGLs were measured using the smartwatch and a commercial continuous glucose monitoring sensor, the latter of which was used to capture the reference values.

Notably, preprocessing the data with the proposed screening method led to a notable increase in accuracy. Using the Parkes error grid technique to categorize measurement errors, a substantially higher percentage of data points ended up in Zone A when screening was applied. This refers to clinically accurate values that would lead to correct treatment decisions. "Adopting the screening process improved BGL estimation accuracy in our smartwatch-based prototype," remarks Nakazawa, "Our technique could facilitate the integration of wearable and continuous BGL monitoring into devices such as smartwatches and smart rings, which are typically constrained in terms of size and signal quality," he adds, highlighting the impact of the research work.

The research team also noted some of the current limitations of smartwatches that lead to inferior performance compared to smartphone camera-based techniques. Though the proposed method could certainly help enhance the performance of the former, hardware improvements in the photodetector and amplifier circuits could go a long way to make wearable electronics a more attractive and clinically acceptable option to monitor BGLs.

Further research in this area will help provide patients with diabetes with powerful tools so that they can manage their condition better, leading to a higher quality of life.
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Major development successes in diamond spin photon quantum computers | ScienceDaily
Lower cooling requirements, longer operating times, lower error rates: Quantum computers based on spin photons and diamond promise significant advantages over competing quantum computing technologies. The consortium of the BMBF project SPINNING coordinated by Fraunhofer IAF has succeeded in decisively advancing the development of spin-photon-based quantum computers. On October 22 and 23, 2024, the partners presented the interim project results at the mid-term meeting of the BMBF funding measure Quantum Computer Demonstration Setups in Berlin.


						
Solving complex problems in seconds that would take decades even for modern supercomputers -- that is the promise of quantum computers. However, as clear as the goal is, the path to it is still unclear. This is because there are still several competing approaches to realizing quantum computers. And each has specific advantages and disadvantages in terms of hardware and software, ranging from reliability and energy consumption to compatibility with conventional systems.

Under the coordination of the Fraunhofer Institute for Applied Solid State Physics IAF, a consortium of 28 partners is working on the project "SPINNING -- Diamond spin-photon-based quantum computer" to develop a quantum computer based on spin photons and diamond. This should be characterized by lower cooling requirements, longer operating times and lower error rates than other quantum computing approaches. The hybrid concept of the spin-photon-based quantum computer also provides for greater scalability and connectivity, which enables flexible connection with conventional computers.

Qubits through color centers in diamond

"In the SPINNING project, we want to make an important contribution to the German quantum technology ecosystem. To this end, we are using the material properties of diamond to develop a quantum computing technology that can be just as powerful as the other technologies but has none of their specific weaknesses. We create qubits using color centers in the diamond lattice by trapping an electron in one of four artificially created lattice defects (vacancy centers) doped with nitrogen (NV), silicon and nitrogen (SiNV), germanium (GeV) or tin (SnV). The electron spin couples through magnetic interaction with five nuclear spins of neighboring 13C carbon isotopes. The central electron spin can then be used as an addressable qubit," explains Prof. Dr. Rudiger Quay, coordinator of the SPINNING network and institute director at Fraunhofer IAF.

"The individual qubits form a matrix structure, the qubit register. The SPINNING quantum computer will consist of at least two and later up to four of these registers, which in turn will be optically coupled over long distances of 20 m, for example, so that a comprehensive exchange of information can take place," Quay continues. The optical coupling between the central electron spins and registers is realized by an optical router in combination with a light source and a detector for readout. The individual states of the nuclear spins are controlled by high-frequency pulses.

Project results: Demonstration of entangled qubit registers at high fidelity

On the occasion of the mid-term meeting of the funding measure Quantum Computer Demonstration Setups of the Federal Ministry of Education and Research (BMBF), under which SPINNING is funded, the consortium presented the interim project results on October 22 and 23, 2024, in Berlin. They are characterized by remarkable successes. For the first time, the project team successfully demonstrated the entanglement of two registers of six qubits each over a distance of 20 m and achieved a high mean fidelity (in the sense of the similarity of the entangled states).




Further project successes include significant improvements in the central hardware and software as well as the peripherals for the spin-photon-based quantum computer: The basic material and its processing, the realization of color centers in diamond for the generation of qubits, could be improved as well as the technology of the photonic resonators. The basis for this was a better understanding of the four types of defects in the diamond lattice and the error mitigation of diamond-based qubits. The consortium also succeeded in developing the electronics required to operate the quantum computer and demonstrating the first applications of the quantum computer for artificial intelligence.

Advantages in comparison with SSJ quantum computers

The exemplary comparison of the interim results of SPINNING with the key indicators of quantum computers based on superconducting Josephson junctions (SJJs) underlines the value of the work done in the project as, to date, many times more resources have been invested worldwide into the latter's development. With an error rate of < 0.5%, the spin-photon-based quantum computer comprising twelve qubits to date achieves the same result in the one-qubit gate as the prominent SJJ models Eagle (127 qubits) and Heron (154 qubits).

In terms of coherence time, the spin-photon-based quantum computer with a length of over 10 ms clearly outperforms the SSJ models (> 50 ms), although the distance for entanglement is many times greater at 20 m compared to a few millimeters.

Outlook: Challenges in resonator design and software development

The remaining technical challenges until the end of the project include the further development of the resonator design towards improved reproducibility and more precise alignment. On the other hand, the researchers are working on further improving the software for automatic control of the spin-photon-based quantum computer's routing.




About the SPINNING project

SPINNING is funded by the Federal Ministry of Education and Research BMBF with the funding measure Quantum Computer Demonstration Setups within the framework program of the Federal Government Quantum Technologies -- from Fundamentals to Market. Fraunhofer IAF leads the SPINNING consortium of six universities, two non-profit research institutions, five industrial companies (SMEs and spin-offs) and 14 associated partners.
    	Fraunhofer Institute for Applied Solid State Physics IAF (Coordinator)
    	Fraunhofer Institute for Integrated Systems and Device Technology IISB
    	Research Center Julich GmbH
    	Karlsruhe Institute of Technology (KIT)
    	University of Constance
    	University of Heidelberg
    	Technical University of Munich
    	University of Ulm
    	Diamond Materials GmbH, Freiburg im Breisgau
    	NVision Imaging Technologies GmbH, Ulm
    	Qinu GmbH, Karlsruhe
    	University of Stuttgart
    	Quantum Brilliance GmbH, Stuttgart
    	Swabian Instruments GmbH, Stuttgart
    	14 associated partners from science and industry

Find out more about the partners and their contribution to the project: https://www.spinning-quantencomputing.de/en/partners.html
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Improvement of catalytic activity by controlling the surface structure of metal particles | ScienceDaily

The results were published in the Journal of the American Chemical Society on October 25, 2024.

Hydrogen is an environmentally-friendly alternative to other energy sources such as fossil fuels. One method to extract the hydrogen from water is called the hydrogen evolution reaction (HER): a reaction driven by electricity that typically uses an electrocatalyst to lower the activation energy (and thus make the reaction more efficient). However, one downside is that it currently requires expensive rare metals such as platinum.

In order to make hydrogen fuels a more viable, affordable option, researchers looked at cheaper metals. They created an aggregate metal nanocluster (NC) combining gold (Au) with platinum (Pt) to achieve this. Since gold is not nearly as rare or costly as platinum, this combination lowers the price of producing hydrogen.

This study looked at AuPt nanoclusters (NCs) with two novel geometrical and electronic structures. "Compared to the conventional AuPt NCs, these structures had less bulky ligands, which was expected to facilitate access to the active site and improve catalytic activity," remarks Professor Yuichi Negishi (Tohoku University), "We've been analyzing how to improve these reactions for a while now, so we got a hint from our previous study where the length of the ligand had a significant effect on HER activity."

Upon testing their newly-generated AuPt NCs, they discovered that they achieved 3.5 and 4.9 times higher catalytic activity for the HER compared to conventional AuPt alloy catalysts.

This research has demonstrated a method to precisely control the surface structure of ultra-fine metal aggregates. It may also have alternative catalytic applications such as carbon dioxide reduction, carbon monoxide oxidation, alcohol oxidation, and oxygen reduction reactions. This finding may promote the development of new functional materials and move us closer to a world where we fill up with clean hydrogen instead of gasoline.
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Teens who made history with Pythagoras' theorem discovery publish their first academic paper with new proofs | ScienceDaily
In 2022, U.S. high school students Calcea Johnson and Ne'Kiya Jackson astonished teachers when they discovered a new way to prove Pythagoras' theorem using trigonometry after entering a competition at their local high school. As a result, both students were awarded keys to the city of New Orleans, and even received personal praise from Michelle Obama.


						
Today they become published authors of a new peer-reviewed paper detailing their discoveries, published in the journal American Mathematical Monthly.

Pythagoras' famous 2,000-year-old theorem, summarized neatly as a2+ b2= c2, means that you can work out the length of any side of a right-angled triangle as long as you know the length of the other two sides. Essentially, the square of the longest side (the hypotenuse) is equal to the squares of the two shorter sides added together.

Many mathematicians over the years have proved the theorem using algebra and geometry. Yet proving it using trigonometry was long thought impossible, as the fundamental formulae of trigonometry are based upon the assumption that the Pythagorean Theorem is true -- an example of circular reasoning.

Nevertheless, both Johnson and Jackson managed to solve the math problem independently of each other and prove Pythagoras' theory without resorting to circular reasoning -- a feat that has only been managed twice previously by professional mathematicians.

Johnson and Jackson then collaborated to share their work at a regional meeting of the American Mathematical Society in Atlanta in March 2023. Encouraged by their reception, Jackson and Johnson then decided to submit their discoveries for final peer review and publication. Their study outlines five newways of proving the theorem using trigonometry, and a method that reveals five more proofs, totaling ten proofs altogether. Only one of these proofs was previously presented at the conference, meaning that nine are totally new.

"I was pretty surprised to be published" says Ne'Kiya Jackson. "I didn't think it would go this far."

"To have a paper published at such a young age -- it's really mind blowing," agrees Calcea Johnson.




"It's very exciting for me, because I know when I was growing up, STEM [science, technology, engineering, and math] wasn't really a cool thing. So the fact that all these people actually are interested in STEM and mathematics really warms my heart and makes me really excited for how far STEM has come."

In the paper, the authors argue that one of the reasons that trigonometry causes such confusion and anxiety for high school students is that two completely different versions of trigonometry exist and are defined using the same terms. This means that trying to make sense of trigonometry can be like trying to make sense of a picture where two different images have been printed on top of each other.

Jackson and Johnson argue that by separating the two versions, and focusing on just one of them, a large collection of new proofs of the Pythagorean Theorem can be found.

Jackson currently studies at Xavier University of Louisiana and is pursuing a doctoral degree in pharmacy, while Johnson is studying environmental engineering at Louisiana State University's Roger Hadfield Ogden Honors College.

"I am very proud that we are both able to be such a positive influence in showing that young women and women of color can do these things, and to let other young women know that they are able to do whatever they want to do. So that makes me very proud to be able to be in that position," says Johnson.

Commenting on Johnson and Jackson's achievements, Della Dumbaugh, editor-in-chief of American Mathematical Monthly, says, "The Monthly is honored and delighted to publish the work of these two students on its pages.

"Their results call attention to the promise of the fresh perspective of students on the field. They also highlight the important role of teachers and schools in advancing the next generation of mathematicians.

"Even more, this work echoes the spirit of Benjamin Finkel when he founded the Monthly in 1894 to feature mathematics within reach of teachers and students of mathematics."
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Quality control in artificial photosynthesis: Validating natural antenna mimicry | ScienceDaily
Humans can do plenty, but plants have an ability we don't: they make energy straight from sunlight, a superpower called photosynthesis. Yet new research shows that scientists are closing that gap.


						
Osaka Metropolitan University researchers have revealed the 3D structure of an artificial photosynthetic antenna protein complex, known as light-harvesting complex II (LHCII), and demonstrated that the artificial LHCII closely mirrors its natural counterpart. This discovery marks a significant step forward in understanding how plants harvest and manage solar energy, paving the way for future innovations in artificial photosynthesis.

The researchers, led by Associate Professor Ritsuko Fujii and then graduate student Soichiro Seki of the Graduate School of Science and Research Center for Artificial Photosynthesis, had their study published in PNAS Nexus.

Photosynthesis turns sunlight into usable energy, an extremely complicated process that involves hundreds of different molecules and proteins. Among them is LHCII, the most common pigment-protein complex found in chloroplasts of plants and green algae; it is responsible for capturing sunlight and efficiently channeling energy to drive photosynthesis. LHCII itself consists of many proteins and pigment molecules; understanding how this photosynthetic antenna works its magic and then mimicking it is far from simple.

Various attempts have been made to recreate LHCII. The question is: are these imitations anywhere close to nature's own creation?

"Traditional methods fall short of determining the exact structure of in vitro reconstituted LHCII," said Dr. Seki.

In vitro reconstitution is a lab technique that allows scientists to rebuild LHCII outside of plants by synthesizing the protein portion of LHCII in E. coli and combining it with natural pigments and lipids.




The research team therefore turned over a new leaf, using cryo-electron microscopy to analyze the 3D structure of the LHCII they reconstituted. This technique, which won the 2017 Nobel Prize in Chemistry, captures images of samples frozen at extremely low temperatures, making it possible for the researchers to gain a highly detailed look at how pigments and proteins are arranged within the complex.

"Our results showed that the lab-created LHCII was nearly identical to the natural version, with only a few minor differences," Dr. Seki said.

These findings validate the effectiveness of the in vitro reconstitution technique and open up new opportunities for exploring the inner workings of LHCII and its role in photosynthesis, laying the groundwork for future advances in artificial photosynthesis and plant production technologies.

"Our result provides not only a structural foundation for reconstituted LHCII, but also evaluates the functions based on the structure of the reconstituted LHCII," Professor Fujii said. "We hope this will facilitate further studies on the molecular mechanisms by which plants utilize sunlight for chemical reactions."
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Ultraprecise method of aligning 3D semiconductor chips invented | ScienceDaily
Researchers at the University of Massachusetts Amherst have invented a new way to align 3D semiconductor chips by shining a laser through concentric metalenses patterned on the chips to produce a hologram. Their work, published inNature Communications, can help to lower the cost of producing 2D semiconductor chips, enable 3D photonic and electronic chips, and may pave the way for other low-cost, compact sensors.


						
Semiconductor chips enable electronic devices to process, store and receive information. These functions are controlled by the specific pattern of components inlaid into the chip. However, this 2D design has reached its upper limit of technological advancement and 3D integration is considered the most promising solution.

To make a 3D chip, multiple 2D chips are stacked and their layers need to be aligned down to tens of nanometers (one millimeter is equal to 1 million nanometers). And they need to be aligned along three dimensions -- forward and back, left to right and the gap between the two chips (along the x, y and z axes).

"The traditional approach for aligning two layers is to look with a microscope for marks (typically corners or crosshairs) on the two layers and to try to overlap them," explains Amir Arbabi, associate professor of electrical and computer engineering at UMass Amherst and senior author on the paper.

Existing microscope-based alignment methods are ill-suited for making these 3D chips. "The microscope cannot simultaneously see both crosshairs in focus because the gap between the layers is hundreds of microns, and the motion to refocus between layers introduces opportunities for the chips to shift and further misalign." says Maryam Ghahremani, doctoral candidate and lead author on the paper. Also "the smallest features you can resolve are set by the diffraction limit, which is around 200 nanometers," she adds.

The new alignment method created by Arbabi and his team has no moving parts and can see misalignments between two distant layers at a much smaller scale. The researchers were hoping to reach 100-nm precision. Instead, their method finds errors up to 0.017 nm along side-to-side measures (x and y axes) and 0.134 nm when assessing the distance between the two chips (z-axis).

"Consider you have two objects. By looking at the light that goes through them, we can see if one moved by the size of an atom with respect to the other one," Arbabi says, far exceeding their expectations. The naked eye can spot errors as small as a few nanometers, and computers can read even smaller ones.

To achieve this, they embedded alignment marks made from concentric metalenses on the semiconductor chip. When light from a laser shines through these marks on both chips, it projects two interfering holograms. "This interference image shows if the chips are aligned or not, as well as the direction and the amount of their misalignment," says Ghahremani.

"[Chip alignment] is a big, costly challenge for some of the companies that work in manufacturing semiconductor tools," Arbabi says. "Our approach addresses one of the challenges of making them." Lower costs also increase access to this technology for smaller startup companies looking to innovate with semiconductors.

Arbabi also points out that this method can be used to make displacement sensors that can be used for measuring displacements and other quantities. "Many physical quantities that you want to detect can be translated to displacements, and the only thing you need is a simple laser and a camera," he says. For instance, "if you want a pressure sensor, you could measure the movement of a membrane." Anything that involves movement -- vibration, heat, acceleration -- can in theory be tracked by this method.
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Understanding how mutations affect diseases | ScienceDaily
The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic "needles in the haystack," yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia. A new study from the Institute of Science and Technology Austria (ISTA), published in PNAS, tackles this problem.


						
Many statistical models and algorithms used by scientists can be imagined as a "black box." These models are powerful tools that give accurate predictions, but their internal workings are not easily interpretable or understood. In an era dominated by deep learning, where an ever-increasing amount of data can be processed, Natalia Ruzickova, a physicist and PhD student at the Institute of Science and Technology Austria (ISTA), chose to take a step back. At least in the context of genomic data analysis.

Together with Michal Hledik, a recent ISTA graduate, and Professor Gasper Tkacik, Ruzickova now proposed a model that might help to analyze "polygenic diseases," where many regions in the genome contribute to a malfunction. Also, the model serves to understand why the identified genomic regions contribute to these diseases. They do so by combining state-of-the-art genome analysis with fundamental biology insights. The results are published in PNAS.

Decoding the human genome 

In 1990, the Human Genome Project was launched to fully decode the human DNA -- the genetic blueprint that defines humans. Fast-forward to 2003 when the project was completed, it paved the way for numerous breakthroughs in science, medicine, and technology. By deciphering the human genetic code, scientists were hopeful to learn more about diseases linked to specific mutations and variations in this genetic script. Given that the human genome comprises approximately 20,000 genes and even more base pairs -- the letters of the blueprint -- large statistical power became essential. This led to the development of so-called "genome-wide association studies" (GWAS).

GWAS approach the issue by identifying genetic variants potentially linked to organismal traits such as height. Importantly, they also include the propensity for various diseases. For this, the underlying statistical principle is quite straightforward: participants are divided into two groups -- healthy and sick individuals. Their DNA is then analyzed to detect variations -- changes in their genome -- that are more prominent in those affected by the disease.

An interplay of genes 

When genome-wide association studies emerged, scientists expected to find just a few mutations in known genes linked to a disease that would explain the difference between healthy and sick individuals. The truth, however, is much more complicated. "Sometimes, there are hundreds or thousands of mutations linked to a specific disease," says Ruzickova. "It was a surprising revelation and conflicted with the understanding of biology we had."




Individually, each mutation has a minimal impact or contribution to the risk of developing a disease. However, collectively, they can explain better, but not fully, why some individuals develop the disease. Such diseases are referred to as "polygenic." For example, type 2 diabetes is polygenic, because it cannot be attributed to a single gene; instead, it involves hundreds of mutations. Some of these mutations affect insulin production, insulin action, or glucose metabolism, while the majority are located in genomic regions not previously linked to diabetes or with unknown biological functions.

The omnigenic model 

In 2017, Evan A. Boyle and colleagues from Stanford University proposed a new conceptual framework called the "omnigenic model." They proposed an explanation for why so many genes contribute to diseases: cells possess regulatory networks that link genes with diverse functions.

"Since genes are interconnected, a mutation in one gene can impact other ones, as the mutational effect spreads through the regulatory network," Ruzickova explains. Due to these networks, many genes in the regulatory system end up contributing to a disease. However, until now, this model has not been formulated mathematically and has remained a conceptual hypothesis that was difficult to test. In their latest paper, Ruzickova and her colleagues introduce a new mathematical formalization based on the omnigenic model named the "quantitative omnigenic model" (QOM).

Combining statistics and biology 

To demonstrate the potential of the new model, they needed to apply the framework to a well-characterized biological system. They chose the common lab yeast model Saccharomyces cerevisiae, better known as the brewer's yeast or the baker's yeast. It is a single-cell eukaryote, meaning its cell structure is similar to that of complex organisms such as humans. "In yeast, we have a fairly good understanding of how regulatory networks that interconnect genes are structured," Ruzickova says.




Using their model, the scientists predicted gene expression levels -- the intensity of gene activity, indicating how much information from the DNA is actively utilized -- and how mutations spread through the yeast's regulatory network. The predictions were highly efficient: The model not only identified the relevant genes but could also clearly pinpoint which mutation most likely contributed to a specific outcome.

The puzzle pieces of polygenic diseases

The scientists' goal was not to outdo the standard GWAS in prediction performance, but rather to go in a different direction by making the model interpretable. Whereas a standard GWAS model works as a "black box," offering a statistical account of how frequently a particular mutation is linked to a disease, the new model also provides a chain-of-events causal mechanism how that mutation may lead to a disease.

In medicine, understanding the biological context and such causal pathways has huge implications for finding new therapeutic options. Although the model is currently far from any medical application, it shows potential, especially for learning more about polygenic diseases. "If you have enough knowledge about the regulatory networks, you could build similar models for other organisms as well. We looked at the gene expression in yeast, which is just the first step and proof of principle. Now that we understand what is possible, one can start thinking about applications to human genetics," says Ruzickova.
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Molecular data storage | ScienceDaily
Increasing amounts of data require storage, often for long periods. Synthetic polymers are an alternative to conventional storage media because they maintain stored information while using less space and energy. However, data retrieval by mass spectrometry limits the length and thus the storage capacity of individual polymer chains. In the journal Angewandte Chemie, researchers have now introduced a method that overcomes this limitation and allows direct access to specific bits without reading the entire chain.


						
Data accumulates constantly, resulting from business transactions, process monitoring, quality assurance, or tracking product batches. Archiving this data for decades requires much space and energy. For long-term archival of large amounts of data that requires infrequent access, macromolecules with a defined sequence, like DNA and synthetic polymers, are an attractive alternative.

Synthetic polymers have advantages over DNA: simple synthesis, higher storage density, and stability under harsh conditions. Their disadvantage is that the information encoded in polymers is decoded by mass spectrometry (MS) or tandem-mass sequencing (MS2). For these methods, the size of the molecules must be limited, which severely limits the storage capacity of each polymer chain. In addition, the complete chain must be decoded in sequence, building block by building block -- the bits of interest cannot be accessed directly. It is like having to read through an entire book instead of just opening it to the relevant page. In contrast, long chains of DNA can be cut into fragments of random length, sequenced individually, and then computationally reconstructed into the original sequence.

Kyoung Taek Kim and his team at the Department of Chemistry at Seoul National University (Rep. Korea) have developed a new method by which very long synthetic polymer chains whose molecular weights greatly exceed the analytical limits of MS and MS2 can be efficiently decoded. As a demonstration, the team encoded their university address into ASCII and translated this -- together with an error detection code (CRC, an established method used to ensure data integrity) -- into a binary code, a sequence of ones and zeroes. This 512-bit sequence was stored in a polymer chain made of two different monomers: lactic acid to represent a 1 and phenyllactic acid to represent a 0. At irregular intervals, they also included fragmentation codes containing mandelic acid. When chemically activated, the chains break at those locations. In their demonstration, they obtained 18 fragments of various sizes that could be individually decoded by MS2 sequencing.

Specially developed software initially identified the fragments based on their mass and their end groups, as shown by the MS spectra. During the MS2 process, previously measured molecular ions brake down further, and these pieces were then also analyzed. The fragments could be sequenced based on the mass difference of the pieces. With the aid of the CRC error detection code, the software reconstructed the sequence of the entire chain, overcoming the length limit for the polymer chains.

The team was also able to decode interesting bits without sequencing the entire polymer chain (random access), such as the word "chemistry" in the code for their address. By taking into account that the parts of their address are all in a specific order (department, institution, city, postal code, country) and separated by commas they were able to isolate the location where the desired information was stored within the chain and only sequenced the relevant fragments.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028131802.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Towards implementing neural networks on edge IoT devices | ScienceDaily
There are, without a doubt, two broad technological fields that have been developing at an increasingly fast pace over the past decade: artificial intelligence (AI) and the Internet of Things (IoT). By excelling at tasks such as data analysis, image recognition, and natural language processing, AI systems have become undeniably powerful tools in both academic and industry settings. Meanwhile, miniaturization and advances in electronics have made it possible to massively reduce the size of functional devices capable of connecting to the Internet. Engineers and researchers alike foresee a world where IoT devices are ubiquitous, comprising the foundation of a highly interconnected world.


						
However, bringing AI capabilities to IoT edge devices presents a significant challenge. Artificial neural networks (ANNs) -- one of the most important AI technologies -- require substantial computational resources. Meanwhile, IoT edge devices are inherently small, with limited power, processing speed, and circuit space. Developing ANNs that can efficiently learn, deploy, and operate on edge devices is a major hurdle.

In response, Professor Takayuki Kawahara and Mr. Yuya Fujiwara from the Tokyo University of Science, are working hard towards finding elegant solutions to this challenge. In their latest study published in IEEE Access on October 08, 2024, they introduced a novel training algorithm for a special type of ANN called binarized neural network (BNN), as well as an innovative implementation of this algorithm in a cutting-edge computing-in-memory (CiM) architecture suitable for IoT devices.

"BNNs are ANNs that employ weights and activation values of only -1 and +1, and they can minimize the computing resources required by the network by reducing the smallest unit of information to just one bit," explains Kawahara, "However, although weights and activation values can be stored in a single bit during inference, weights and gradients are real numbers during learning, and most calculations performed during learning are real number calculations as well. For this reason, it has been difficult to provide learning capabilities to BNNs on the IoT edge side."

To overcome this, the researchers developed a new training algorithm called ternarized gradient BNN (TGBNN), featuring three key innovations. First, it employs ternary gradients during training, while keeping weights and activations binary. Second, they enhanced the Straight Through Estimator (STE), improving the control of gradient backpropagation to ensure efficient learning. Third, they adopted a probabilistic approach for updating parameters by leveraging the behavior of MRAM cells.

Afterwards, the research team implemented this novel TGBNN algorithm in a CiM architecture -- a modern design paradigm where calculations are performed directly in memory, rather than in a dedicated processor, to save circuit space and power. To realize this, they developed a completely new XNOR logic gate as the building block for a Magnetic Random Access Memory (MRAM) array. This gate uses a magnetic tunnel junction to store information in its magnetization state.

To change the stored value of an individual MRAM cell, the researchers leveraged two different mechanisms. The first was spin-orbit torque -- the force that occurs when an electron spin current is injected into a material. The second was voltage-controlled magnetic anisotropy, which refers to the manipulation of the energy barrier that exists between different magnetic states in a material. Thanks to these methods, the size of the product-of-sum calculation circuit was reduced to half of that of conventional units.

The team tested the performance of their proposed MRAM-based CiM system for BNNs using the MNIST handwriting dataset, which contains images of individual handwritten digits that ANNs have to recognize. "The results showed that our ternarized gradient BNN achieved an accuracy of over 88% using Error-Correcting Output Codes (ECOC)-based learning, while matching the accuracy of regular BNNs with the same structure and achieving faster convergence during training," notes Kawahara. "We believe our design will enable efficient BNNs on edge devices, preserving their ability to learn and adapt."

This breakthrough could pave the way to powerful IoT devices capable of leveraging AI to a greater extent. This has notable implications for many rapidly developing fields. For example, wearable health monitoring devices could become more efficient, smaller, and reliable without requiring cloud connectivity at all times to function. Similarly, smart houses would be able to perform more complex tasks and operate in a more responsive way. Across these and all other possible use cases, the proposed design could also reduce energy consumption, thus contributing to sustainability goals.
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Breakthrough in 3D object scanning: Boosting clarity and depth perception for complex structures | ScienceDaily
Improvements in three-dimensional (3D) scanning have enabled quick  and accurate scanning of 3D objects, including cultural heritage  objects, as 3D point cloud data. However, conventional edge-highlighting  visualization techniques, used for understanding complex 3D structures,  result in excessive line clutter, reducing clarity. Addressing these  issues, a multinational team of researchers have developed a novel  technique, involving independent rendering of soft and sharp edges in 3D  structures, resulting in improved clarity and depth perception.


						
Recent advances in three-dimensional (3D) scanning, particularly in photogrammetry and laser scanning, have made it possible to quickly and accurately scan complex 3D objects in the real world. These techniques generate detailed models by collecting large-scale point cloud data, representing the object's surface geometry through millions of individual points. This technology has applications in different fields, such as the 3D scanning of cultural heritage objects. By preserving these objects in digital formats, researchers can analyze their structures in greater depth. However, the complexity of data is often significant, especially when the scanned object has internal 3D structures, like rough edges.

Edge-highlighting visualization is a technique used to improve the clarity of complex 3D structures by emphasizing the object's edges, making its shape and structure more distinguishable. However, existing methods struggle when applied to highly complex objects. These methods draw too many lines, which decreases clarity by impairing resolution and depth perception.

To address these challenges, a multinational team of researchers, led by Professor Satoshi Tanaka, along with colleagues Ms. Yuri Yamada, Dr. Satoshi Takatori, and Prof. Liang Li from the College of Information Science and Engineering at Ritsumeikan University, have developed an innovative method. Elaborating on their study, Prof. Tanaka explains, "Conventional methods for extracting and visualizing 3D edges mainly concentrate on sharp edges. However, many real-world objects contain numerous soft edges in addition to sharp edges, which are inadequately represented. Our method introduces two key innovations: dual 3D edge extraction, which separately extracts both soft and sharp edges, and opacity-color gradation, which enhances the clarity of soft edges through variations in color and opacity." These findings were published in Remote Sensing on October 09, 2024.

This novel visualization method is based on dual-edge 3D edge extraction and opacity-color gradation. Dual-edge 3D extraction technique independently processes the sharp and soft edges of a 3D object by utilizing two different feature value thresholds for sharp and soft edges. Meanwhile, the opacity-color gradation technique applies simultaneous gradation of both opacity and color to soft edges. This process renders soft edges with sharper and thinner lines, effectively highlighting the complex and intricate details of 3D structures. Additionally, it introduces a "halo effect" that partially hides edges in the background of the image, significantly enhancing depth perception. This effect also improves the resolution of sharp edges by highlighting their silhouettes with soft edges.

The researchers tested this technique by applying it to real 3D point cloud data, including cultural heritage objects with high cultural value. Results revealed that the proposed edge-highlighting visualization technique produces a clear, comprehensible representation of the entire 3D structure. Remarkably, the computation time required for dual-edge 3D extraction is comparable to conventional binary statistical edge extraction methods, while visualizations in opacity-color gradation are executable at interactive rendering speeds. Furthermore, this technique offers a more effective "see-through" effect, replacing the conventional transparent visualization used to study internal structures of 3D objects. Additionally, applying this technique to conventional transparent visualization is effective as well.

"Our 3D edge extraction approach is not merely an improvement but rather an extended technique that captures areas not covered by traditional methods. For archaeologists and historians, this tool opens new possibilities for specialized visual analysis of cultural heritage objects. For the general public, it offers a deeper understanding of historical cultural sites, serving as a technology for enhancing exhibitions in museums and art galleries," says Prof. Tanaka about the potential of their research.

This innovative technique significantly advances the visualization of 3D scanned objects, promoting a better understanding and preservation of cultural heritage objects.
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Building safer cities with AI: Machine learning model enhances urban resilience against liquefaction | ScienceDaily
In earthquake-prone areas like Japan, there is a need for better prediction of soil stability to mitigate liquefaction risks. Towards this end, researchers have used machine learning models, including artificial neural networks and bagging techniques, to create accurate 3D maps of bearing layers using data from 433 locations in Setagaya, Tokyo. This approach can identify stable construction sites, enhance disaster planning, and contribute to safer urban development, making cities more resilient to liquefaction risks.


						
As urban areas expand, the threat of natural disasters becomes a pressing concern for city planners and disaster management authorities. In earthquake-prone countries like Japan, one of the critical risks to infrastructure is liquefaction, a phenomenon where intense shaking causes loose, water-saturated soils to lose their strength and behave like a liquid. Liquefaction can cause buildings to sink into the soil, crack foundations, and collapse roads and utilities like water lines.

Soil liquefaction accompanies every major earthquake, and the damage is significant. The 2011 Tohoku earthquake in Japan caused liquefaction that damaged 1,000 homes. In Christchurch, the 6.2 magnitude earthquake resulted in liquefaction that destroyed 80% of the water and sewage systems. In 2024, the Noto earthquake caused widespread liquefaction, affecting 6,700 houses.

To make cities more resilient to the effects of liquefaction, Professor Shinya Inazumi and his student Yuxin Cong from Shibaura Institute of Technology in Japan have been developing machine learning models that predict how soil will react during earthquakes. These models use geological data to create detailed 3D maps of the soil layers, identifying stable areas and those more prone to liquefaction. Unlike manual soil testing methods, which cannot cover every location, this approach offers a broader and more detailed view of soil behavior

In their recent study published in Smart Cities on 8 October 2024, they used artificial neural networks (ANNs) and ensemble learning techniques to accurately estimate the depth of the bearing layers, a crucial indicator of how stable the soil is and how likely it is to experience liquefaction during an earthquake.

"This study establishes a high-precision prediction method for unknown points and areas, demonstrating the significant potential of machine learning in geotechnical engineering. These improved prediction models facilitate safer and more efficient infrastructure planning, which is critical for earthquake-prone regions, ultimately contributing to the development of safer and smarter cities," says Prof. Inazumi.

Predicting areas with deep and stable bearing layers helps identify locations where the soil can provide better support for buildings, especially during events like liquefaction. The researchers collected bearing depth data from 433 points in Setagaya-ku, Tokyo, using standard penetration tests and mini-ram sounding tests. In addition to the depth of the bearing layer, they also recorded key information about each location, such as longitude, latitude, and elevation.




The data was used to train an ANN to predict the bearing layer depth at 10 locations, utilizing the actual site measurements to evaluate the accuracy of the predictions. To improve the accuracy of these predictions, the researchers applied a technique called bagging (bootstrap aggregation), which involves training the model multiple times on different subsets of the training data. This approach resulted in a 20% improvement in prediction accuracy.

Using the predicted values, the researchers created a contour map illustrating the depth of bearing layers within a 1 km radius around four selected locations in Setagaya Ward. This map is a valuable visual aid for civil engineers, helping them identify suitable construction sites with stable soil conditions. It also assists disaster management experts in pinpointing areas that are more vulnerable to soil liquefaction, enabling better risk assessment and mitigation strategies.

The researchers envision their method as a key enabler for smart city growth, emphasizing the importance of data-driven strategies in guiding urban development and infrastructure planning. "This study provides a foundation for safer, more efficient, and cost-effective urban development. By integrating advanced AI models into geotechnical analysis, smart cities can better mitigate liquefaction risks and strengthen overall urban resilience," says Prof. Inazumi, while discussing the future implications of this study optimistically.

Going ahead, the researchers plan to enhance their model's accuracy by incorporating additional ground conditions and developing specialized models for coastal and non-coastal areas, considering the influence of groundwater, a significant factor in liquefaction.
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Hydrogen: Breakthrough in alkaline membrane electrolyzers | ScienceDaily
Hydrogen will play a major role in the energy system of the future, as an energy storage medium, a fuel and valuable raw material for the chemical industry. Hydrogen can be produced by electrolysis of water in a virtually climate-neutral way, provided this is done with electricity from solar or wind power. Scale-up efforts for a green hydrogen economy are currently largely dominated by two systems: proton-conducting membrane electrolysis (PEM) and classic liquid alkaline electrolysis. AEM electrolysers combine the advantages of both systems and, for example, do not require rare precious metals such as iridium.


						
Alkaline Membrane (AEM) Electrolysers without Iridium

Now, research teams from TU Berlin and HZB, together with the Department of Microsystems Engineering (IMTEK) at the University of Freiburg and Siemens Energy, have presented the first AEM electrolyser that produces hydrogen almost as efficiently as a PEM electrolyser. Instead of iridium, they used nickel double hydroxide compounds with iron, cobalt or manganese and developed a process to coat them directly onto an alkaline ion exchange membrane.

Insight into molecular processes during electrolysis at BESSY II

During the electrolysis in the cell, they were able to carry out operando measurements at the Berlin X-ray source BESSY II at the LiXEdrom end station. A theory team from Singapore and the USA helped to interpret the experimental data. 'This enabled us to elucidate the relevant catalytic-chemical processes at the catalyst-coated membrane, in particular the phase transition from a catalytically inactive alpha phase to a highly active gamma phase and the role of the various O ligands and Ni4+ centres in the catalysis,' explains Prof. Peter Strasser, TU Berlin. 'It is this gamma phase that makes our catalyst competitive with the current state-of-the-art iridium catalysts. Our work shows important similarities to iridium in the catalytic mechanism, but also some surprising molecular differences.'

The study has thus significantly advanced our understanding of the fundamental catalysis mechanisms of the new nickel-based electrode materials. In addition, the newly developed coating method for the membrane electrode promises excellent scalability. A first fully functional laboratory cell has already been tested at IMTEK. The work lays the foundation for further industrial evaluation and demonstrates that an AEM water electrolyser can also be highly efficient.
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Thermal imaging may help fruits, veggies stay fresher longer | ScienceDaily
Before your favorite produce arrives at the grocery store, it must be carefully harvested and maintained across long stretches of time. A recent University of Georgia review suggests new temperature measuring technologies could make that process much simpler, amid growing agricultural challenges fueled by fluctuating climates.


						
Maintaining temperature, humidity and light is critical to ensuring fruits and vegetables don't spoil or deteriorate rapidly. Temperature spikes are the root of adverse outcomes like premature spoilage and rotting, so monitoring these changes quickly and accurately is key.

Researchers say thermal imaging technology could help control temperatures before and after harvesting fruit and vegetables.

"Measuring temperature in food processing environments has to be done right," said Kevin Mis Solval, lead author of the study and an associate professor in UGA's College of Agricultural and Environmental Sciences. "We do it on a regular basis to make sure we have the proper conditions for producing safe products, but it may not always be done practically. These types of thermal imaging tools are not only feasible but cost-effective and good at measuring temperature profiles. That is beneficial for a farmer or food processing facility."

A thermal image can replace old-school thermometers in some environments

Mis Solval evaluated the technology as a tool for rapidly sensing abrupt temperature changes in crops in real time. By collecting infrared radiation of fruits and vegetables, thermal imaging technology can gauge temperature without contact.

These types of cameras are readily available to food producers and range from industrial-grade cameras to smartphone attachments.




But they have one thing in common: If there's a drastic temperature spike, the technology can flag it.

"Once you harvest, there is a decomposition process that starts right there, so in some instances a rapid cooling process is very critical for extending the shelf life of fresh produce," Mis Solval said. "If this cooling process is not done correctly, then the shelf life of some fruit and vegetables is significantly shorter. We're talking two weeks compared to three or four days."

Many leafy greens must be picked and then immediately cooled, for example, so a quick temperature measurement must match that speed.

Currently, farmers and harvesters use conventional thermometers to capture the temperature of one or two items. But that process is not only time-consuming but potentially damaging to the product. Poking and prodding fruits and veggies for an accurate temperature reading can cause minor damage and increase the risk of cross-contamination.

Thermal imaging technology could save produce from the trash

External heat flux in the harvesting process is more common than it used to be. Extreme temperatures, intense solar rays and drought stress are making products on the field more at risk for defects.




Ideally, thermal imaging technology will be automated in the future to further optimize the processing of preharvest and postharvest.

Thermal imaging technology has been effective in evaluating the quality of seeds and food safety, but this is the first time it has been considered for such a key part in the pre- and postharvest processes of fresh produce.

This type of technology could make or break the quality of produce you put in your shopping basket.

"Items with a shorter shelf life have less of a chance to reach the marketplace," Mis Solval said. "If it doesn't meet the quality criteria for the supermarket, it's going to be discarded. If it makes it to the consumer and fails in quality, it's going to be thrown away. We are making sure quality produce reaches the final consumer."

Funded by the Center for Produce Safety and published in Scientia Horticulturae, the review was co-authored by Yen-Con Hung and Boran Yang, of UGA's Department of Food Science and Technology; Govindaraj Dev Kumar, of UGA's Center for Food Safety; and Kaitlyn Casulli, of UGA's Department of Food Science and Technology.
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Seeing a black hole's jet in a new light | ScienceDaily
Research led by the University of Michigan has pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.


						
In particular, the study looks at the high-energy jet of particles being blasted across space by the supermassive black hole at the center of the galaxy Centaurus A.

Jets are visible to different types of telescopes, including those that detect radio waves and others that collect X-rays. Since Chandra's 1999 launch, many astronomers have been particularly interested in the unexpectedly bright X-ray signals from jets.

Still, it appeared that X-ray observations were essentially capturing the same features as their more established radio counterparts, which isn't the most exciting outcome.

Jets are massive cosmic structures -- some are larger than their host galaxies -- that still harbor many mysteries. If a jet looks the same to different instruments, that doesn't do any favors for the folks working to unravel these astrophysical puzzles.

"A key to understanding what's going on in the jet could be understanding how different wavelength bands trace different parts of the environment," said lead author David Bogensberger, a postdoctoral fellow at U-M. "Now we have that possibility."

The new study is the latest entry in a small but growing body of research that's digging deeper into data to spot subtle, meaningful differences between radio and X-ray observations.




"The jet in X-rays is different from the jet in radio waves," Bogensberger said. "The X-ray data traces a unique picture that you can't see in any other wavelength."

Bogensberger and an international team of colleagues published their findings in The Astrophysical Journal.

In its study, the team looked at Chandra's observations of Centaurus A from 2000 to 2022. Or, more accurately, Bogensberger developed a computer algorithm to do that. The algorithm tracked bright, lumpy features in the jet, which are called knots. By following knots that moved during the observation period, the team could then measure their speed.

The speed of one knot was particularly remarkable. In fact, it appeared to be moving faster than the speed of light because of how it moves relative to Chandra's vantage point near Earth. The distance between the knot and Chandra shrinks almost as fast as light can travel.

The team determined the knot's actual speed was at least 94% the speed of light. A knot in a similar location had previously had its speed measured using radio observations. That result clocked the knot with a significantly slower speed, about 80% the speed of light.

"What this means is that radio and X-ray jet knots move differently," Bogensberger said.




And that wasn't the only thing that stood out from the data.

For example, radio observations of knots suggested the structures closest to the black hole move the fastest. In the new study, however, Bogensberger and his colleagues found the fastest knot in a sort of middle region -- not the farthest from the black hole, but not the nearest to it either.

"There's a lot we still don't really know about how jets work in the X-ray band. This highlights the need for further research," Bogensberger said. "We've shown a new approach to studying jets and I think there's a lot of interesting work to be done."

For his part, Bogensberger will be using the team's approach to examine other jets. The jet in Centaurus A is special because it's the closest jet we know of at about 12 million light years away.

This relative proximity made it a good first option for testing and validating the team's methodology. Features like knots become more challenging to resolve in jets that are farther away.

"But there are other galaxies where this analysis can be done," Bogensberger said. "And that's what I plan to do next."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028131413.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A new chemistry for CRISPR | ScienceDaily
CRISPR-Cas9 has long been likened to a kind of genetic scissors, thanks to its ability to snip out any desired section of DNA with elegant precision.


						
But it turns out that CRISPR systems have more than one strategy in their toolkit. A mechanism originally discovered in bacteria, where it has operated as an adaptive immune system for eons, CRISPR is naturally deployed by certain singled-cell organisms to protect themselves against viruses (called phages) and other foreign genetic fragments. Now, researchers at Rockefeller's Laboratory of Bacteriology headed by Luciano Marraffini, and at the MSKCC's Structural Biology Laboratory headed by Dinshaw Patel, have discovered how one CRISPR system battles invaders with not only genetic scissors but also acts as a sort of molecular fumigator. In a recent publication in Cell, the scientists found that this system, called CRISPR-Cas10, floods a virally infected bacterium with toxic molecules, and thus prevents the virus from spreading through the rest of the bacterial population.

"It's a completely brand-new type of CRISPR chemistry," says co-first author Christian Baca, a TPCB graduate student in the Marraffini lab. "It's more evidence that CRISPR systems have an array of immune strategies at their disposal."

Cell shutdown

There are six types of CRISPR ("clustered regularly interspaced short palindromic repeats") systems; CRISPR-Cas9, for example, is type II, with the enzyme Cas9 functioning as the DNA scissors. For the current study, the researchers looked at a type III system called CRISPR-Cas10.

In both systems, guide RNAs identify problematic genetic material, and the enzymes begin snipping. However, the CRISPR-Cas10 complex also produces a burst of small second messenger molecules called cyclic-oligoadenylates (cOAs), which helps shut down cell activity, thereby preventing the virus from spreading. This second line of attack is akin to fumigating one pest-ridden room, and then quickly shutting the door to keep the infestation contained so it can't spread to the rest of the house.

This two-part response is largely a matter of timing, says Baca. "Cas10 alone can clear a phage or plasmid from a cell as long as the target transcript that's been recognized by the guide RNA is made early in the viral infection. But if the problematic snippet is something only made at a later stage of the infection, these cOA molecules are essential for defense," he says. "In this way, type III CRISPR systems work similarly to mammalian innate immunity pathways, such as cGAS-STING, that produce cyclic nucleotides to activate a host response," adds Marraffini.




While that much was known, the molecular dynamics behind how, exactly, a new Type III CRISPR protein, CRISPR-associated adenosine deaminase 1 (Cad1) achieves cell shut down was not.

A toxic plume

To find out, the researchers undertook a detailed molecular and structural analysis of Cad1, using cryo-EM and other advanced approaches to reveal unusual structures and dynamics that explain how the system pauses cell activity.

In the CRISPR-Cas10 system, Cad1 is alerted to the presence of a virus by the binding of cOAs to a part of the protein called the CARF domain. That in turn stimulates Cad1 to convert ATP (the energy currency of the cell) into ITP (an intermediary nucleotide that usually is present in the cell in small amounts), which then floods the cell. ITP turns toxic to cells in high doses, so as a result, cellular activity comes to a halt, putting the cell in a dormant state.

"The infected cell is sacrificed when the virus is sequestered within it, but the larger bacterial population is protected," says co-first author Puja Majumder, a postdoctoral research scholar at the Patel Lab. Why it has this impact is unclear. One theory is that excess ITP competes for binding sites typically occupied by ATP or GTP in proteins that are critical for normal cellular function; another is that high levels of ITP interfere with phage DNA replication.

"But we don't really know why yet," Majumder says.

One potential application of their discovery is as a diagnostic tool for infection, Baca notes. "The presence of ITP would indicate that a pathogen transcript is present in a sample."
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Evidence mounts for dark energy from black holes | ScienceDaily
Almost 14 billion years ago, at the very beginning of the Big Bang, a mysterious energy drove an exponential expansion of the infant universe and produced all known matter, according to the prevailing inflationary universe theory.


						
That ancient energy shared key features of the current universe's dark energy, which is the largest mystery of our time by at least one objective standard: It makes up the majority -- roughly 70% -- of the universe, but scientists don't know exactly what it is.

"If you ask yourself the question, 'Where in the later universe do we see gravity as strong as it was at the beginning of the universe?' the answer is at the center of black holes," said Gregory Tarle, professor of physics at the University of Michigan and co-author of the study. "It's possible that what happened during inflation runs in reverse, the matter of a massive star becomes dark energy again during gravitational collapse -- like a little Big Bang played in reverse."

In a new study published in the Journal of Cosmology and Astroparticle Physics, Tarle and colleagues from five institutions are strengthening the case for this scenario with recent data from the Dark Energy Spectroscopic Instrument. DESI is made up of 5,000 robotic eyes mounted on the Mayall telescope at the Kitt Peak National Observatory on the land of the Tohono O'odham Nation.

"If black holes contain dark energy, they can couple to and grow with the expanding universe, causing its growth to accelerate" said Kevin Croker, lead author of the team's new study and an assistant research scientist at Arizona State University. "We can't get the details of how this is happening, but we can see evidence that it is happening."

Data from the first year of DESI's planned five-year survey shows tantalizing evidence that the density of dark energy increased in time. This provides a compelling clue supporting this idea of what dark energy is, the researchers said, because that increase in time agrees with how the amount and mass of black holes increased in time.

"When I first got involved with the project, I was very skeptical," said co-author Steve Ahlen, professor emeritus of physics at Boston University. "But I maintained an open mind throughout the entire process and when we started doing the cosmology calculations, I said, 'Well, this is a really nice mechanism for making dark energy.'"

The difference a DESI makes




To search for evidence of dark energy from black holes, the team used tens of millions of distant galaxies measured by DESI. The instrument peers billions of years into the past and collects data that can be used to determine how fast the universe is expanding with exquisite precision. In turn, these data can be used to infer how the amount of dark energy is changing in time.

The team compared these data to how many black holes were being made in the deaths of large stars across the history of the universe.

"The two phenomena were consistent with each other -- as new black holes were made in the deaths of massive stars, the amount of dark energy in the universe increased in the right way," said Duncan Farrah, associate professor of physics at the University of Hawai'i and co-author of the study. "This makes it more plausible that black holes are the source of dark energy."

This research complements a growing body of literature studying the possibility of cosmological coupling in black holes. A 2023 study, involving many of the authors on this paper, reported cosmological coupling in supermassive black holes within galactic centers. That 2023 report encouraged other teams to search for the effect in black holes across all the different places they can be found in the universe.

"Those papers investigate the link between dark energy to black holes by their rate of growth. Our new paper links black holes to dark energy by when they are born," said Brian Cartwright, an astrophysicist, co-author and former general counsel of the U.S. Securities and Exchange Commission.

A key difference in the new paper is that the majority of the relevant black holes are younger than those previously examined. These black holes were born in an epoch when star formation -- which tracks black hole formation -- was well underway, rather than just beginning.




"This occurs much later in the universe and is informed by recent measurements of black hole production and growth as observed with the Hubble and Webb space telescopes," said co-author Rogier Windhorst, an interdisciplinary scientist for the JWST and professor of earth and space exploration at Arizona State University.

"The next question is where these black holes are, and how they have been moving around for the past 8 billion years. Scientists are working to constrain this right now," Croker said.

Science demands more avenues of inquiry and observations, and now that DESI is online, this exploration for dark energy is just getting started.

"This will only bring more depth and clarity to our understanding of dark energy, whether that continues to support the black hole hypothesis or not," Ahlen said. "I think as an experimental endeavor, it's wonderful. You can have preconceived notions or not, but we're driven by data and observations."

Regardless of what those future observations bring, the work happening now represents a sea change in dark energy research, the team said.

"Fundamentally, whether black holes are dark energy, coupled to the universe they inhabit, has ceased to be just a theoretical question," Tarle said. "This is an experimental question now."
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Advancement in 3D-printed concrete promises strength, durability and lower carbon emissions | ScienceDaily
Researchers from the University of Virginia have made significant strides in the rapidly advancing field of 3D-printed concrete by developing a more sustainable, printable cementitious composite. This new material, which combines graphene with limestone and calcined clay cement (LC2), offers enhanced strength and durability while significantly reducing carbon emissions, making it a powerful solution for addressing the environmental challenges in 3D printed construction.


						
"Our goal was to design a printable concrete that performs better and is more eco-friendly," said Osman Ozbulut, a professor at UVA's Department of Civil and Environmental Engineering. "The addition of graphene to LC2 cement offers a unique opportunity to lower carbon emissions while maintaining the strength and flexibility required for 3D printed construction."

The study, which explored the flow properties, mechanical performance and environmental impacts of this material, was led by visiting scholar Tugba Baytak and UVA's Tawfeeq Gdeh, doctoral researchers at Resilient and Advanced Infrastructure Laboratory at University of Virginia. Collaborating with researchers at Virginia Transportation Research Council (VTRC), Baytak and Gdeh applied graphene -- known for its outstanding mechanical properties -- to LC2 cement, significantly improving its performance for 3D printing applications.

"This kind of innovation is essential for the future of construction, and I'm proud to be part of the team driving this forward," said Baytak.

A key aspect of the research was a Life Cycle Assessment (LCA), conducted by Zhangfan Jiang, a postdoctoral researcher the Department of Civil and Environmental Engineering, in collaboration with Lisa Colosi Peterson, an environmental engineering professor at the University of Virginia. The LCA revealed that this graphene-enhanced LC2 concrete could reduce greenhouse gas emissions by approximately 31% compared to traditional printable concrete mixtures.

"Being able to see the full environmental footprint of this new concrete was important," explained Jiang. "It not only exhibits better mechanical performance but also has a lower environmental impact, making 3D concrete construction technology more sustainable compared to traditional 3D printing methods with higher carbon emissions."

"It's rewarding to see science push us toward greener building practices," said Colosi Peterson.




The partnership with VTRC allowed the UVA team to assess the material's potential applications in transportation infrastructure, further showcasing its real-world potential. "The VTRC collaboration was essential in uncovering the fundamental properties of this new concrete," added Ozbulut.

"It's exciting to be part of a project that addresses both the technical demands of modern construction and the urgent need for more eco-friendly materials," said Gdeh.

The research team included Tugba Baytak, a doctoral researcher from Istanbul Technical University and a visiting scholar at University of Virginia, Tawfeeq Gdeh, Zhangfan Jiang, Lisa Colosi, and Osman E. Ozbulut from the University of Virginia, and Gabriel Arce, a research scientist from the Virginia Transportation Research Council.

The article was entitled "Rheological, Mechanical, and Environmental Performance of Printable Graphene-Enhanced Cementitious Composites with Limestone and Calcined Clay" published in the Journal of Building Engineering, 2024.

This research was funded in part by the University of Virginia's 3 Cavaliers Program and The Scientific and Technological Research Council of Turkey (TUBITAK).
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Researchers unlock a 'new synthetic frontier' for quantum dots | ScienceDaily
The type of semiconductive nanocrystals known as quantum dots are both expanding the forefront of pure science and also hard at work in practical applications including lasers, quantum QLED televisions and displays, solar cells, medical devices, and other electronics.


						
A new technique for growing these microscopic crystals, published this week in Science, has not only found a new, more efficient way to build a useful type of quantum dot, but also opened up a whole group of novel chemical materials for future researchers' exploration.

"I am excited to see how researchers across the globe can harness this technique to prepare previously unimaginable nanocrystals," said first author Justin Ondry, a former postdoctoral researcher in UChicago's Talapin Lab.

The team -- which included researchers from the University of Chicago, University of California Berkeley, Northwestern University, the University of Colorado Boulder, and Argonne National Laboratory -- achieved these remarkable results by replacing the organic solvents typically used to create nanocrystals with molten salt -- literally superheated sodium chloride of the type sprinkled on baked potatoes.

"Sodium chloride is not a liquid in your mind, but assume you heat it to such a crazy temperature that it becomes a liquid. It looks like liquid. It has similar viscosity as water. It's colorless. The only problem was that nobody ever considered these liquids as media for colloidal synthesis," said Prof. Dmitri Talapin at the UChicago Pritzker School of Molecular Engineering (UChicago PME) and the Chemistry Department.

Why salt? 

Quantum dots are among the more well-known nanocrystals, not only for their wide commercial uses but for the recent 2023 Nobel Prize in Chemistry given to the team that discovered them.




"If there is a material from the world of nano that has had an impact on the society in terms of applications, it's the quantum dot," said UC Berkeley Prof. Eran Rabani, a co-author of the paper.

However, much of the previous research on quantum dots, including the Nobel work, was around dots grown using combinations of elements from the second and sixth groups on the periodic table, Rabani said. These are called "II-VI" (two-six) materials.

More promising materials for quantum dots can be found elsewhere on the periodic table.

Materials found in the third and fifth groups of the periodic table (III-V materials) are used in the most efficient solar cells, brightest LEDs, most powerful semiconductor lasers, and fastest electronic devices. They would potentially make great quantum dots, but, with few exceptions, it was impossible to use them to grow nanocrystals in solution. The temperatures required to make these materials were too high for any known organic solvent.

Molten salt can handle the heat, making these previously inaccessible materials accessible.

"This distinct advance of molten salt synthesis that Prof. Talapin's group has pioneered for the first time many materials for which previously colloidal synthesis was simply unavailable," said co-author Richard D. Schaller, who has a joint appointment with Argonne National Laboratory and Northwestern University. "Fundamental as well as applied advances can now be made by with many of these newly available materials and at the same time there is now a whole new synthetic frontier available to the community."

The Quantum Age 




One of the reasons researchers synthesizing nanocrystals overlooked molten salt was because of its strong polarity, said UChicago graduate student Zirui Zhou, second author of the new paper.

Salt's positively charged ions and negatively charged ions have a strong pull toward each other. Small things like nanocrystals have small surface charges, so researchers assumed the charge would be too weak to push back as salt's ions pull in. Any growing crystals would be crushed before they could form a stable material.

Or so previous researchers thought.

"It's a surprising observation," Zhou said. "This is very contradictory to what scientists traditionally think about these systems."

The new technique can mean new building blocks for better, faster quantum and classical computers, but for many on the research team, the truly exciting part is opening up new materials for study.

"Many eras in human history are defined by the materials humanity had available -- think 'Bronze Age' or 'Iron Age,'" Ondry said. "In this work we have unlocked the ability to synthesize nearly a dozen new nanocrystal compositions which will enable future technologies."
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Watershed moment: Engineers invent high-yield atmospheric water capture device for arid regions | ScienceDaily
The idea of turning the air around us into drinking water is a marvel on its own. And grabbing a sustainable amount of it from low-humidity environments has long been closer to science fiction than reality.


						
As a megadrought stresses the water supply throughout the Southwest, revolutionary research out of UNLV is answering this problem with a groundbreaking technology that pulls large amounts of water from the air in low humidities. The research was published Oct. 22 in the journal Proceedings of the National Academy of Sciences (PNAS).

UNLV mechanical engineering professor H. Jeremy Cho leads a team of researchers with a radically different approach to atmospheric water harvesting, or transforming water vapor in the air around us into a usable form. Existing atmospheric water harvesting approaches have low yields and diminishing returns at humidities below 30%.

"This paper really establishes that you can capture water at a very fast rate," said Cho. "We can start to forecast how big of a system we would need to produce a set amount of water. If I have one square meter, which is around three feet by three feet, we can generate about a gallon of water per day in Las Vegas, and up to three times more in humid environments."

This technology and approach has been tested outdoors in Las Vegas, and is effective down to 10% humidity. It directly captures water in a liquid salt solution that is suitable for subsequent processing into drinking water or energy production, enabling new capabilities for arid regions.

A key ingredient in the process is a hydrogel membrane "skin." The inspiration for this material comes from nature -- specifically tree frogs and air plants, which use a similar technique to transport water from ambient air into a liquid for internal storage.

"We took that biological idea and tried to do it in our own way," he said. "There are so many cool things happening in nature -- you just have to look around, learn, and be inspired."

Additionally, the research demonstrates that atmospheric water harvesting can be solar-powered. Thanks to the frequent sunlight experienced in places such as the Las Vegas Valley -- which averages 300 sunny days a year sunlight can provide enough energy to reduce the theoretical and eventual cost for generating water.

"Our water resources are depleting and our planet's climate is changing," said Cho. "To reach sustainability, we have to change our habits. This whole idea seemed like science fiction, but this is possible, and we're actually doing it."

The research is already being put into practical use in the form of WAVR Technologies, Inc. Cho co-founded this UNLV startup, making devices capable of capturing water vapor from the air around us for commercial and individual uses. WAVR is the premiere university business spinoff from the National Science Foundation (NSF) Regional Innovation Engines program aimed at bringing to market technologies that address regional sustainability and climate concerns.
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Saturn's moon Titan has insulating methane-rich crust up to six miles thick | ScienceDaily
Saturn's largest moon Titan is the only place other than Earth known to have an atmosphere and liquids in the form of rivers, lakes and seas on its surface. Because of its extremely cold temperature, the liquids on Titan are made of hydrocarbons like methane and ethane, and the surface is made of solid water ice. A new study, led by planetary scientists at the University of Hawai'i at Manoa, revealed that methane gas may also be trapped within the ice, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.


						
The research team, led by research associate Lauren Schurmeier, that also includes Gwendolyn Brouwer, doctoral candidate, and Sarah Fagents, associate director and researcher, in the Hawai'i Institute of Geophysics and Planetology (HIGP) in the UH Manoa School of Ocean and Earth Science and Technology (SOEST), observed in NASA data that Titan's impact craters are hundreds of meters shallower than expected and only 90 craters have been identified on this moon.

"This was very surprising because, based on other moons, we expect to see many more impact craters on the surface and craters that are much deeper than what we observe on Titan," said Schurmeier. "We realized something unique to Titan must be making them become shallower and disappear relatively quickly."

To investigate what might be beneath this mystery, the researchers tested in a computer model how the topography of Titan might relax or rebound after an impact if the ice shell was covered with a layer of insulating methane clathrate ice, a kind of solid water ice with methane gas trapped within the crystal structure. Since the initial shape of Titan's craters is unknown, the researchers modeled and compared two plausible initial depths, based on fresh-looking craters of similar size on a similar-size icy moon, Ganymede.

"Using this modeling approach, we were able to constrain the methane clathrate crust thickness to five to ten kilometers [about three to six miles] because simulations using that thickness produced crater depths that best matched the observed craters," said Schurmeier. "The methane clathrate crust warms Titan's interior and causes surprisingly rapid topographic relaxation, which results in crater shallowing at a rate that is close to that of fast-moving warm glaciers on Earth."

Methane-rich atmosphere 

Estimating the thickness of the methane ice shell is important because it may explain the origin of Titan's methane-rich atmosphere and helps researchers understand Titan's carbon cycle, liquid methane-based "hydrological cycle," and changing climate.




"Titan is a natural laboratory to study how the greenhouse gas methane warms and cycles through the atmosphere," said Schurmeier. "Earth's methane clathrate hydrates, found in the permafrost of Siberia and below the arctic seafloor, are currently destabilizing and releasing methane. So, lessons from Titan can provide important insights into processes happening on Earth."

Structure of Titan

The topography seen on Titan makes sense in light of these new findings. And constraining the thickness of the methane clathrate ice crust indicates that Titan's interior is likely warm -- not cold, rigid, and inactive as previously thought.

"Methane clathrate is stronger and more insulating than regular water ice," said Schurmeier. "A clathrate crust insulates Titan's interior, makes the water ice shell very warm and ductile, and implies that Titan's ice shell is or was slowly convecting."

"If life exists in Titan's ocean under the thick ice shell, any signs of life (biomarkers) would need to be transported up Titan's ice shell to where we could more easily access or view them with future missions," Schurmeier added. "This is more likely to occur if Titan's ice shell is warm and convecting."

With the NASA Dragonfly mission to Titan scheduled to launch in July 2028 and arrive in 2034, researchers will have an opportunity to make up-close observations of this moon and further investigate the icy surface, including a crater named Selk.
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Developing new high-performance and recyclable materials | ScienceDaily
Professor Chiyoung Park of the Department of Energy Science and Engineering at DGIST (President Kunwoo Lee) has developed a groundbreaking new material poised to advance high-sensitivity recyclable sensor technology. Working in collaboration with Professor U-hyeok Choi of Inha University (President Cho Myeongwoo), Park's team created a recyclable high-sensitivity sensor based on the dynamic polymer network. This next-generation material is garnering attention for its ability to combine environmental sustainability with high performance.


						
Existing high-sensitivity sensors have been limited by performance degradation due to fatigue and repeated use. However, the dynamic polymer network developed by the research team maintains excellent sensitivity and durability by using vinylogous urethane bonding. This bonding structure self-heals in response to external stimuli such as temperature, light, and pressure, preventing performance degradation even after repeated use.

The dynamic polymer network is also sensitive to various mechanical movements, heat, and light, and sensors based on the network excel at detecting human body movements. Researchers have demonstrated that the sensors can accurately detect finger bends, changes in facial expressions, and even swallowing movements in the throat. One of the biggest strengths of the technology is that it can maintain the same sensitivity after recycling without any degradation.

Addressing the growing issue of e-waste, the team designed the technology to combine recyclability with high performance. They believe the dynamic polymer network's versatility supports repeated use and recycling, potentially leading to significant reductions in e-waste. Their work promises to have far-reaching implications not only in sensor technology but also in next-generation electronics, wearable devices, and medical equipment. The team continues to work on commercializing the technology for widespread industrial applications.

"Our material offers excellent processability and can be recycled mechanically or chemically," said DGIST Professor Chiyoung Park. "The polymer network undergoes a simple recycling process, which we expect will extend the lifespan of electronic devices and wearable sensors, significantly reducing electronic waste."

The research received support from the Industrial Technology Alchemist Project, funded by the Ministry of Trade, Industry and Energy, and the Basic Research Center Project of the Ministry of Science and ICT. The findings (first author: Gyeonghyeon Choi, integrated MS/PhD student) were published in the Chemical Engineering Journal.
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Ultra-sensitive electronic skin modeled after the human brain | ScienceDaily
Based on joint research with Professor Jaehyuk Lim at the Department of Mechanical Engineering, Jeonbuk National University, Professor Youngu Lee at the Department of Energy Science and Engineering, the Daegu Gyeongbuk Institute of Science & Technology (DGIST; President Kunwoo Lee), has successfully developed an ultra-sensitive pressure sensor for electronic skin modeled after the nervous system in the human brain. This technology is applicable to future devices, including AI-based digital healthcare devices, and is expected to be utilized across various fields, such as transparent displays and wearable devices, due to its transparency and physical flexibility.


						
Pressure sensors are devices that detect a slight change or force and convert it into signals. They are used in smartphones and healthcare devices to detect touch, heart rate, and muscle movements. Similar to the human skin, the pressure sensor[?]based electronic skin detects slight pressure, so it is used across many different applications, including wearable devices, medical monitoring devices, and sensory systems for robots. To employ electronic skin for more practical purposes, it is indispensable to go beyond simply detecting pressure and achieve greater sensitivity, transparency, and flexibility. In this context, many studies are being conducted to improve performance.

The research team led by Professor Lee developed a pressure sensor that emulates the way the human brain transmits signals. The brain transmits signals in a complex and quick way as neurons and glial cells work together. Professor Lee's team created a network of nanoparticles modeled after this structure and designed a pressure sensor sensitive to slight pressure.

The pressure sensor developed in this study is not only highly sensitive but also highly transparent and flexible. It can detect slight changes, such as in the heart rate and finger movements, as well as the pressure of water droplets. Furthermore, it works stably even after 10,000 repeated uses, and its performance does not decline even in hot or humid environments.

Professor Lee at the Department of Energy Science and Engineering, DGIST, said, "Based on this study, we successfully developed a tactile sensor applicable to the next-generation electronic skin with transparency and flexibility. Hopefully, research on the basic mechanism of how the sensor works will continue, leading to the development of artificial tactile sensors that simulate the human skin and the technological development of transparent displays for commercialization."

This study was conducted jointly by Jiwoo Koo, a PhD program student at the Department of Materials Science and Engineering, Seoul National University; Dr. Jongyoon Kim at the Department of Energy Science and Engineering, DGIST; Dr. Myungseok Ko, Jeonbuk National University; Professor Youngu Lee, DGIST; and Professor Jaehyuk Lim, Jeonbuk National University. In addition, the study was funded by the National Research Foundation of Korea's Mid-Career Research Project and the Sustainable Solar Energy Use Engineering Research Center Project, and its results were published in the October 2024 issue of the Chemical Engineering Journal, an international journal in the field of chemical engineering.
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Next-generation solar cells become more powerful with silver (Ag) doping technology | ScienceDaily
A team of senior researchers, including Kee-jeong Yang, Dae-hwan Kim, and Jin-gyu Kang from the Division of Energy & Environmental Technology, DGIST (President Kunwoo Lee), collaborated with Prof. Kim Jun-ho's team from the Department of Physics, Incheon National University and Prof. Koo Sang-mo's team from the Department of Electronic Materials Engineering to significantly improve the performance of kesterite (CZTSSe) thin-film solar cells in joint research. They developed a new method for doping silver (Ag) in solar cells to suppress defects that hinder cell performance and promote crystal growth, thereby dramatically increasing efficiency and paving the way for commercialization.


						
CZTSSe solar cells are composed of copper (Cu), zinc (Zn), tin (Sn), sulfur (S), and selenium (Se), and are gaining attention as a resource-abundant, low-cost, and eco-friendly solar cell technology. In particular, they have the advantage of being suitable for large-scale production and highly competitive in price because they use materials that are abundant in resources instead of the scarce metals used in conventional solar cells. However, conventional CZTSSe solar cells have low efficiency and high current losses due to electron-hole recombination, thus making them difficult to commercialize.

To address these issues, the research team employed a method of doping the solar cell precursor with Ag. Ag inhibits the loss of Sn and helps the materials mix better at low temperatures. This allows the crystals to grow larger and faster, reducing defects and improving the performance of the solar cell. In this study, they systematically analyzed how the placement of Ag at different locations in the precursor changes the defects and electron-hole recombination properties in the solar cell. The results indicate that Ag can significantly improve the performance of the solar cell by preventing Sn loss and maximizing the defect suppression effect.

Importantly, they also found that doping Ag in the wrong place actually interferes with the formation of Zn and Cu alloy, causing Zn to remain in the bulk and form defect clusters. This can lead to increased electron-hole recombination losses and degraded performance. From this, the research team offered an important insight: solar cell performance varies significantly depending on where Ag doping occurs.

Furthermore, the research team found that the liquid material formed by Ag doping promotes crystal growth, significantly improving the density and crystallinity of the absorber layer. This resulted in an improved energy band structure and fewer defects, ultimately allowing for smoother charge transport in the cell. These findings are expected to contribute significantly to the production of high-performance solar cells at low cost.

"In this study, we analyzed the effect of Ag doping, which had not been clearly identified before, process by process, and found that silver plays a role in suppressing tin loss and improving defects," said Yang Kee-jeong, a senior researcher at the Division of Energy & Environmental Technology. "The results provide important insights into the design of silver-doped precursor structures to improve solar cell efficiency and are expected to contribute to the development of various solar cell technologies."

The research was funded by the Ministry of Science and ICT's Source Technology Development (Leapfrog Development of Carbon Neutral Technology) Program and the Future-Leading Specialization Research (Grand Challenge Research and Innovation Project (P-CoE)) Program. The paper was published online in the Energy & Environmental Energy (IF 32.4), a leading international journal in the field of energy.
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The evolution of green energy technology: Developing three-dimensional smart energy devices with radiant cooling and solar absorption | ScienceDaily
A research team led by Professor Bonghoon Kim from DGIST's Department of Robotics and Mechatronics Engineering has developed a "3D Smart Energy Device" that features both reversible heating and cooling capabilities. The team collaborated with Professor Bongjae Lee from KAIST's Department of Mechanical Engineering and Professor Heon Lee from Korea University's Department of Materials Science and Engineering. Their innovative device was officially recognized for its excellence and practicality through its selection as the cover article of the international journal Advanced Materials.


						
Heating and cooling account for approximately 50% of the global energy consumption, contributing significantly to environmental problems such as global warming and air pollution. In response, solar absorption and radiative cooling devices, which harness the sun and outdoor air as heat and cold sources, are gaining attention as eco-friendly and sustainable solutions. While various devices have been developed, many are limited in function, focusing solely on heating or cooling, and large-scale systems lack adjustability.

To address these limitations, Prof. Kim's team created a "3D Smart Energy Device" that integrates reversible heating and cooling functions in a single device. The device operates on a unique mechanism: when the 3D structure opens through a mechanical peeling process, the lower layer -- made of silicone elastomer and silver -- is exposed to generate radiative cooling. When the structure closes, the surface coated with black paint absorbs solar heat, thus producing heating.

The team tested the device on multiple substrates, including skin, glass, steel, aluminum, copper, and polyimide, and demonstrated that adjusting the angle of the 3D structure enabled control over its heating and cooling performance. This ability to modulate thermal properties offers an efficient and promising solution for reducing energy consumption in temperature-controlled buildings and electronic devices at both macro and micro scales.

"We are honored to have our research selected for the cover article of such a prestigious journal," said Professor Bonghoon Kim. "We aim to ensure that these findings are applied in industrial and building settings to help reduce energy consumption."

This research was supported by the "Global Bioconvergence Interfacing Leading Research Center (ERC)" and the "Nano and Materials Technology Development Project" of the National Research Foundation of Korea. The results were published in Advanced Materials, where they were featured as the cover article.
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Batteries for miniature bio-integrated devices and robotics | ScienceDaily
University of Oxford researchers have made a significant step towards realising miniature, soft batteries for use in a variety of biomedical applications, including the defibrillation and pacing of heart tissues. The work has been published today in the journal Nature Chemical Engineering.


						
The development of tiny smart devices, smaller than a few cubic millimeters, demands equally small power sources. For minimally invasive biomedical devices that interact with biological tissues, these power sources must be fabricated from soft materials. Ideally, these should also have features such as high capacity, biocompatibility and biodegradability, triggerable activation, and the ability to be controlled remotely. To date, there has been no battery that can fulfil these requirements all at once.

To address these requirements, researchers fromthe University of Oxford's Department of Chemistry and Department of Pharmacology have developed a miniature, soft lithium-ion battery constructed from biocompatible hydrogel droplets. Surfactant-supported assembly (assembly aided by soap-like molecules), a technique reported by the same group last year in the journal Nature, is used to connect three microscale droplets of 10 nanolitres volume. Different lithium-ion particles contained in each of the two ends then generate the output energy.

'Our droplet battery is light-activated, rechargeable, and biodegradable after use. To date, it is the smallest hydrogel lithium-ion battery and has a superior energy density' said Dr Yujia Zhang (Department of Chemistry, University of Oxford), the lead researcher for the study and a starting Assistant Professor at the Ecole Polytechnique Federale de Lausanne. 'We used the droplet battery to power the movement of charged molecules between synthetic cells and to control the beating and defibrillation of mouse hearts. By including magnetic particles to control movement, the battery can also function as a mobile energy carrier.'

Proof-of-concept heart treatments were carried out in the laboratory of Professor Ming Lei (Department of Pharmacology), a senior electrophysiologist in cardiac arrhythmias. He said: 'Cardiac arrhythmia is a leading cause of death worldwide. Our proof-of-concept application in animal models demonstrates an exciting new avenue of wireless and biodegradable devices for the management of arrhythmias.'

Professor Hagan Bayley (Department of Chemistry), the research group leader for the study, said: 'The tiny soft lithium-ion battery is the most sophisticated in a series of microscale power packs developed by Dr Zhang and points to a fantastic future for biocompatible electronic devices that can operate under physiological conditions.'

The researchers have filed a patent application through Oxford University Innovation. They envisage that the tiny versatile battery, particularly relevant to small-scale robots for bioapplications, will open up new possibilities in various areas including clinical medicine.
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A new spectroscopy reveals water's quantum secrets | ScienceDaily
Water is synonymous with life, but the dynamic, multifaceted interaction that brings H2O molecules together -- the hydrogen bond -- remains mysterious. Hydrogen bonds result when hydrogen and oxygen atoms between water molecules interact, sharing electronic charge in the process. This charge-sharing is a key feature of the three-dimensional 'H-bond' network that gives liquid water its unique properties, but quantum phenomena at the heart of such networks have thus far been understood only through theoretical simulations.


						
Now, researchers led by Sylvie Roke, head of the Laboratory for Fundamental BioPhotonics in EPFL's School of Engineering, have published a new method -- correlated vibrational spectroscopy (CVS) -- that enables them to measure how water molecules behave when they participate in H-bond networks. Crucially, CVS allows scientists to distinguish between such participating (interacting) molecules, and randomly distributed, non-H-bonded (non-interacting) molecules. By contrast, any other method reports measurements on both molecule types simultaneously, making it impossible to distinguish between them.

"Current spectroscopy methods measure the scattering of laser light caused by the vibrations of all molecules in a system, so you have to guess or assume that what you are seeing is due to the molecular interaction you're interested in," Roke explains. "With CVS, the vibrational mode of each different type of molecule has its own vibrational spectrum. And because each spectrum has a unique peak corresponding to water molecules moving back and forth along the H-bonds, we can measure directly their properties, such as how much electronic charge is shared, and how H-bond strength is impacted."

The method, which the team says has "transformative" potential to characterize interactions in any material, has been published in Science.

Looking at things from a new angle

To distinguish between interacting and non-interacting molecules, the scientists illuminated liquid water with femtosecond (one quadrillionth of a second) laser pulses in the near-infrared spectrum. These ultra-short bursts of light create tiny charge oscillations and atomic displacements in the water, which trigger the emission of visible light. This emitted light appears in a scattering pattern that contains key information about the spatial organization of the molecules, while the color of the photons contains information about atomic displacements within and between molecules.

"Typical experiments place the spectrographic detector at a 90-degree angle to the incoming laser beam, but we realized that we could probe interacting molecules simply by changing the detector position, and recording spectra using certain combinations of polarized light. In this way, we can create separate spectra for non-interacting and interacting molecules," Roke says.




The team conducted more experiments aimed at using CVS to tease apart the electronic and nuclear quantum effects of H-bond networks, for example by changing the pH of water through the addition of hydroxide ions (making it more basic), or protons (more acidic).

"Hydroxide ions and protons participate in H-bonding, so changing the pH of water changes its reactivity," says PhD student Mischa Flor, the paper's first author. "With CVS, we can now quantify exactly how much extra charge hydroxide ions donate to H-bond networks (8%), and how much charge protons accept from it (4%) -- precise measurements that could never have been done experimentally before." These values were explained with the aid of advanced simulations conducted by collaborators in France, Italy, and the UK.

The researchers emphasize that the method, which they also corroborated via theoretical calculations, can be applied to any material, and indeed several new characterization experiments are already underway.

"The ability to quantify directly H-bonding strength is a powerful method that can be used to clarify molecular-level details of any solution, for example containing electrolytes, sugars, amino acids, DNA, or proteins," Roke says. "As CVS is not limited to water, it can also deliver a wealth of information on other liquids, systems, and processes."
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Pushing the boundaries of traditional ceramic techniques | ScienceDaily


						Art and science are sometimes poles apart, but that isn't the case in a research project described in ACS Omega. For this work, an interdisciplinary team merged scientific research, technological advancements and artistic exploration to experiment with the production, properties and application of a new kind of ceramic.


						
In recent years, scientists have been adding graphene oxide (GO) to ceramic slurries -- consisting of particles of kaolin clay or other materials dispersed in water -- to make fired ceramics more durable and resistant to thermal shock. Materials scientist Daria Andreeva and colleagues adapted this technique by using ultrasound to better mix the GO into kaolin slurries. They adjusted GO concentration and ultrasound exposure time to find the conditions that most enhanced the resulting ceramics' strength and heat resistance. The team also collaborated with artist-in-residence Delia Prvacki,, who created works from the new ceramic material that are on display at the National University of Singapore Museum.

"We explored artistic potential by experimenting with novel ceramic forms and textures," the study's authors note. "Harnessing the properties of graphene pushes the boundaries of traditional ceramic art, enabling the creation of delicate and intricate ceramic structures that were previously unattainable. This approach not only enhances the artistic possibilities but also can potentially reduce the need for structural elements."

The authors acknowledge funding from Singapore's Ministry of Education.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        How life began on earth: modeling Earth's ancient atmosphere
        This model reveals how vastly different the atmosphere was on ancient Earth, and how life may have first emerged.

      

      
        It's not to be. Universe too short for Shakespeare typing monkeys
        It would take far longer than the lifespan of our universe for a typing monkey to randomly produce Shakespeare, a new study reveals.

      

      
        Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists
        Anecdotes abound of wildlife behaving 'drunk' after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists now challenge this assumption. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.

      

      
        Nanoplastics can reduce the effectiveness of antibiotics
        An international research team has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria.

      

      
        Solar-powered animal cells
        Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artifici...

      

      
        Study shows natural regrowth of tropical forests has immense potential to address environmental concerns
        A new study finds that up to 215 million hectares of land (an area larger than Mexico) in humid tropical regions around the world has the potential to naturally regrow. That much forest could store 23.4 gigatons of carbon over 30 years and also have a significant impact on concerns like biodiversity loss and water quality. The study showed that more than half of the area with strong potential for regrowth was in five countries: Brazil, Mexico, Indonesia, China, and Colombia. A new global map the ...

      

      
        Complexity of tumors revealed in 3D
        A new analysis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs. The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

      

      
        Large meltwater accumulation revealed inside Greenland Ice Sheet
        A new study unveils a surprising discovery: a substantial amount of meltwater is temporarily stored within the Greenland Ice Sheet during summer months. For the first time, an international group of researchers was able to quantify meltwater with positioning data. The finding challenges current models of how ice sheets contribute to global sea level rise.

      

      
        Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture
        Geneticists have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analyzing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain. The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestica...

      

      
        Discovery illuminates how sleeping sickness parasite outsmarts immune response
        A new study sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed that Trypanosoma brucei essentially plays a game of hide-and-seek by setting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.

      

      
        Farewell frost! New surface prevents frost without heat
        In a new study, researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

      

      
        Similarities in brain development between marmosets and humans
        In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.

      

      
        Spirited off: Key protein aids transport within plant cells
        A team has clarified how in plants the boric acid channels, the conduits for the necessary element boron, are transported to the plasma membrane.

      

      
        Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars
        Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.

      

      
        Sinuses prevented prehistoric croc relatives from deep diving
        Paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.

      

      
        Reactor could make direct air capture more energy efficient
        Researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption and cost for direct air capture.

      

      
        Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that  impact lifespan in both species
        Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach leapfrogs over that standard methodology and identifies a metabolite that may hold promise as a target for aging.

      

      
        12 new Oriental weevil species discovered using advanced imaging tools
        Two of these new species are present in Japan: Aphanerostethus magnus (Oo-daruma-kuchikakushi-zoumushi) and Aphanerostethus japonicus (Nippon-daruma-kuchikakushi-zoumushi). One of these, Aphanerostethus japonicus, is also found in Yanbaru National Park, Okinawa. This is the first time x-ray microtomography has been used to remove obscuring scales to examine underlying differences in morphology for taxonomic purposes.

      

      
        Paving the way for harvesting and storing solar energy efficiently
        Approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.

      

      
        Coastal flooding during hurricanes Helene and Milton tracked
        A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided scientists with essential data from hurricanes Helene and Milton. The app can help inform decisions about policy and resource allocation.

      

      
        Have we found all the major Maya cities? Not even close, new research suggests
        Researchers used laser-guided imaging to uncover vast unexplored Maya settlements in Campeche, Mexico, revealing more than 6,500 pre-Hispanic structures, including a previously unknown large city with stone pyramids. Their study enhances our understanding of the ancient civilization's extent and complexity in an area largely overlooked by archaeologists.

      

      
        More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming
        A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would likely not have occurred without anthropogenic warming.

      

      
        Oceanographers record the largest predation event ever observed in the ocean
        In the largest predation event ever recorded, researchers observed capelin shoaling off the coast of Norway, where a swarm of cod overtook them, consuming over 10 million fish in a few hours. The team hopes to deploy their technique to monitor the large-scale dynamics among other species of fish and track vulnerable keystone species.

      

      
        Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks
        A groundbreaking, nine-year study has revealed that elephants approaching small-scale farms in Kenya avoid beehive fences housing live honey bees up to 86% of the time during peak crop seasons, helping to reduce human-elephant conflict for local farmers and boost income.

      

      
        Scientist on personal mission to improve global water safety makes groundbreaking discovery
        A study shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.

      

      
        Strategy to reduce the amount of propofol waste in the operating room
        Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers have now shown that an alternative method reduces the amount of waste.

      

      
        Newly discovered cyanobacteria could help sequester carbon from oceans and factories
        What if a microbe could help curb the climate crisis? Meet UTEX-3222, aka 'Chonkus,' a cyanobacterium discovered living in the volcanic CO2 seeps off the coast of Vulcano, Sicily. Chonkus is like other photosynthetic cyanobacteria in that it consumes CO2 and incorporates it into its cells. However, what sets UTEX-3222 apart is its rapid, high-density growth, which allows it to consume CO? more efficiently than most other similar currently known cyanobacteria. It is also 5 to 10 times larger than ...

      

      
        Making 'scents' of aromas that differentiate beer and wine
        Today, people increasingly seek non-alcoholic versions of beer or wine. Despite boasting different flavors, these two drinks share many aromas, which makes it difficult to produce alcohol-free versions that mimic the real thing. Researchers report on a literature analysis and experiment to characterize the chemical compounds that give beer and wine their unique fragrances. They say their findings could aid the development of flavorful, non-alcoholic substitutes.

      

      
        Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging
        Weddell seals in Erebus Bay, Antarctica, may look like couch potatoes when they are resting on ice. However, these seals, which are the southernmost population of the southernmost living mammals, are exceptional divers that can reach depths of more than 900 meters and recorded dives lasting 96 minutes, which is well beyond their aerobic threshold. Scientists have identified an optimal and novel dive foraging strategy the seals employ to capture prey in the highly seasonal Antarctic environment wi...

      

      
        Optimal standing positions and ventilation in airport smoking lounges
        New research shows that not all standing positions in airport smoking lounges are created equal. Scientists found that the thermal environment and positioning of smokers influences how particles settle in the room. Additionally, smokers seated farther from ventilation inlets experience the lowest levels of pollution in the room. The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilati...

      

      
        Ancient gene influences immunity of First Nations Peoples of Oceania
        An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study.

      

      
        Fossil hunters strike gold with new species
        Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York. The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

      

      
        AI algorithm accurately detects heart disease in dogs
        Researchers have developed a machine learning algorithm to accurately detect heart murmurs in dogs, one of the main indicators of cardiac disease, which affects a large proportion of some smaller breeds such as King Charles Spaniels.

      

      
        What animal societies can teach us about aging
        Red deer may become less sociable as they grow old to reduce the risk of picking up diseases, while older house sparrows seem to have fewer social interactions as their peers die off, according to new research which shows humans are not the only animals to change our social behaviour as we age.

      

      
        Researchers' new outreach strategy succeeds, sets blueprint for detecting invasive species in Florida
        Researchers are showcasing how a focused outreach initiative in Palm Beach County has led to a successful increase in reports of invasive reptiles in Florida.

      

      
        When is a heat wave just a heat wave, and when is it climate change?
        A new study used the 2023 heat wave in Texas and Louisiana as a test case for establishing processes that tease out whether particular weather events are climate change related.

      

      
        RSV vaccines effective, but more people need to get them
        Doctors detail what we learned after the first season following the approval of RSV vaccines. The vaccine effectively prevented severe illness in older, but only 24 percent of eligible US adults received the vaccine, compared to 50 percent for flu shots. Better public awareness and improved vaccine access are needed to increase uptake.

      

      
        Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein
        Buildup of a protein called filamentous actin, or F-actin, in the brain inhibits the removal of cellular wastes, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few very specific genes in the neurons of aging fruit flies, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

      

      
        Companies and investors can now get smarter when it comes to nature
        Amid growing pressure to report on nature-related risks and impacts, an open-source footprinting tool offers a scientific and transparent approach.

      

      
        Bird wings inspire new approach to flight safety
        Engineers found a way to help airplanes avoid stall with lightweight plastic flaps that flutter with pressure changes. The flaps mimick a class of feathers that are key to birds' most daring aerial maneuvers.

      

      
        Climate, dead zones and fish: Solving a 'wicked problem' in Lake Erie and beyond
        A research collaboration has developed a simple model to help inform the complex decision-making that goes into managing water quality and fishery output in Lake Erie and similar ecosystems.

      

      
        Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism
        The Triassic-Jurassic Extinction, 201.6 million years ago, has been considered by some to have been a fairly slow-burn event, driven by rising temperatures and ocean acidification. A new study says it was kicked off for the most part by volcanic winter.

      

      
        Green growth: 30% of regions worldwide achieve economic growth while reducing carbon emissions
        More and more regions around the globe combine economic growth with reducing carbon emissions, researchers found. Their study highlights the vital role of national climate actions in decoupling economic growth from CO2 emissions. The analysis of data from 1,500 regions over the past 30 years showed that 30 percent have managed to lower their carbon emissions while continuing to thrive economically.

      

      
        Invasive plants drive homogenization of soil microbial communities across U.S.
        A new study reveals that invasive plants are reshaping soil microbial communities across the U.S., making them more uniform and altering how ecosystems function.

      

      
        Giant clam declared critically endangered after the latest assessment
        Once abundant, the massive, colorful clam is now locally extinct in many regions, with a critical drop in population due to overfishing and climate change.

      

      
        No incentive for older birds to make new friends
        Like people, birds have fewer friends as they age, but the reasons why are unclear. New research suggests they may just have no drive to.

      

      
        Using weather radar to track Australia's migrating birds
        Scientists have used data from weather radar not to track storms, but to count birds as they travel across Australian skies.

      

      
        Quality control in artificial photosynthesis: Validating natural antenna mimicry
        Researchers have revealed the 3D structure of lab-made light-harvesting complex II (LHCII), a key component in photosynthesis. Using cryo-electron microscopy, they found that artificial LHCII closely mirrors the natural version, advancing research into solar energy harnessing and artificial photosynthesis technologies.

      

      
        Understanding how mutations affect diseases
        The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic 'needles in the haystack,' yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia.

      

      
        Keeping fewer friends protects aging monkeys from diseases
        Becoming less sociable protects older monkeys from getting ill, new research shows.
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How life began on earth: modeling Earth's ancient atmosphere | ScienceDaily
The key to unlocking the secrets of distant planets starts right here on Earth. Researchers at Tohoku University, the University of Tokyo, and Hokkaido University have developed a model considering various atmospheric chemical reactions to estimate how the atmosphere -- and the first signs of life -- evolved on Earth.


						
"Ancient Earth was nothing like our current home," explains Shungo Koyama (Tohoku University), "It was a much more hostile place; rich in metallic iron with an atmosphere containing hydrogen and methane." These molecules contain an important clue to how life was initially formed. When exposed to solar ultraviolet (UV) radiation, they undergo a chemical reaction that produces organics (also known as the "building blocks of life"). Part of these organics were precursors to essential biomolecules, such as amino acids and nucleic acids.

However, understanding the role of UV radiation is difficult. Firstly, this type of atmosphere is unstable and likely underwent rapid changes due to atmospheric chemical reactions. Secondly, when UV radiation efficiently breaks down water vapour in the atmosphere and forms oxidative molecules, the precise branching ratio and timescale has not been determined. In order to address these issues, a 1D photochemical model was created to make accurate predictions about what the atmosphere was like on Earth long ago.

The calculation reveals that most hydrogen was lost to space and that hydrocarbons like acetylene (produced from methane) shielded UV radiation. This inhibition of UV radiation significantly reduced the breakdown of water vapour and subsequent oxidation of methane, thus enhancing the production of organics. If the initial amount of methane was equivalent to that of the amount of carbon found on the present-day Earth's surface, organic layers several hundred metres thick could have formed.

"There may have been an accumulation of organics that created what was like an enriched soup of important building blocks. That could have been the source from which living things first emerged on Earth." Tatsuya Yoshida (Tohoku University) proposes.

The model suggests that the atmosphere on ancient Earth was strikingly similar to what we see on current day neighbouring planets: Venus and Mars. However, despite their proximity, Earth evolved into a completely different environment. Researchers are trying to understand what makes Earth so special. As such, this model allows us to deepen our understanding of whether atmospheric evolution and the origin of life on Earth are unique or share common patterns with other planetary systems.
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It's not to be. Universe too short for Shakespeare typing monkeys | ScienceDaily
A monkey randomly pressing keys on a typewriter for an infinite amount of time would eventually type out the complete works of Shakespeare purely by chance, according to the Infinite Monkey Theorem.


						
This widely known thought-experiment is used to help us understand the principles of probability and randomness, and how chance can lead to unexpected outcomes. The idea has been referenced in pop culture from The Simpsons to Hitchhiker's Guide to the Galaxy and on TikTok.

However, a new study reveals it would take an unbelievably huge amount of time -- far longer than the lifespan of our universe, for a typing monkey to randomly produce Shakespeare. So, while the theorem is true, it is also somewhat misleading.

Mathematicians, Associate Professor Stephen Woodcock and Jay Falletta from the University of Technology Sydney (UTS), decided to examine the theorem using instead the limits of our finite universe.

"The Infinite Monkey Theorem only considers the infinite limit, with either an infinite number of monkeys or an infinite time period of monkey labour," said Associate Professor Woodcock.

"We decided to look at the probability of a given string of letters being typed by a finite number of monkeys within a finite time period consistent with estimates for the lifespan of our universe," he said.

The serious but light-hearted study, A numerical evaluation of the Finite Monkeys Theorem, has just been published in the peer-reviewed journal Franklin Open.




For number-crunching purposes, the researchers assumed that a keyboard contains 30 keys including all the letters of the English language plus common punctuation marks.

As well as a single monkey, they also did the calculations using the current global population of around 200,000 chimpanzees, and they assumed a rather productive typing speed of one key every second until the end of the universe in about 10^100 years -- that's a 1 followed by 100 zeros.

The results reveal that it is possible (around a 5% chance) for a single chimp to type the word 'bananas' in its own lifetime. However, even with all chimps enlisted, the Bard's entire works (with around 884,647 words) will almost certainly never be typed before the universe ends.

"It is not plausible that, even with improved typing speeds or an increase in chimpanzee populations, monkey labour will ever be a viable tool for developing non-trivial written works," the authors muse.

"This finding places the theorem among other probability puzzles and paradoxes -- such as the St. Petersburg paradox, Zeno's paradox, and the Ross-Littlewood paradox -- where using the idea of infinite resources gives results that don't match up with what we get when we consider the constraints of our universe," said Associate Professor Woodcock.

In the era of generative AI, the Infinite Monkey Theorem, and its finite version, perhaps also challenge readers to consider philosophical questions around the nature of creativity, meaning and consciousness, and how these qualities emerge.
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Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists | ScienceDaily
Anecdotes abound of wildlife behaving "drunk" after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists challenge this assumption in a review publishing October 30 in the Cell Press journal Trends in Ecology & Evolution. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.


						
"We're moving away from this anthropocentric view that ethanol is just something that humans use," says behavioral ecologist and senior author Kimberley Hockings of the University of Exeter. "It's much more abundant in the natural world than we previously thought, and most animals that eat sugary fruits are going to be exposed to some level of ethanol."

Ethanol first became abundant around 100 million years ago, when flowering plants began producing sugary nectar and fruits that yeast could ferment. Now, it's present naturally in nearly every ecosystem, though concentrations are higher, and production occurs year-round in lower-latitude and humid tropical environments compared to temperate regions. Most of the time, naturally fermented fruits only reach 1%-2% alcohol by volume (ABV), but concentrations as high as 10.2% ABV have been found in over-ripe palm fruit in Panama.

Animals already harbored genes that could degrade ethanol before yeasts began producing it, but there is evidence that evolution fine-tuned this ability for mammals and birds that consume fruit and nectar. In particular, primates and treeshrews have adapted to efficiently metabolize ethanol.

"From an ecological perspective, it is not advantageous to be inebriated as you're climbing around in the trees or surrounded by predators at night -- that's a recipe for not having your genes passed on," says molecular ecologist and senior author Matthew Carrigan of the College of Central Florida. "It's the opposite of humans who want to get intoxicated but don't really want the calories -- from the non-human perspective, the animals want the calories but not the inebriation."

It's unclear whether animals intentionally consume ethanol for ethanol's sake, and more research is needed to understand its impact on animal physiology and evolution. However, the researchers say that ethanol consumption could carry several benefits for wild animals. First and foremost, it's a source of calories, and the odorous compounds produced during fermentation could guide animals to food sources, though the researchers say it's unlikely that animals can detect ethanol itself. Ethanol could also have medicinal benefits: fruit flies intentionally lay their eggs in substances containing ethanol, which protects their eggs from parasites, and fruit fly larvae increase their ethanol intake when they become parasitized by wasps.

"On the cognitive side, ideas have been put forward that ethanol can trigger the endorphin and dopamine system, which leads to feelings of relaxation that could have benefits in terms of sociality," says behavioral ecologist and first author Anna Bowland of the University of Exeter. "To test that, we'd really need to know if ethanol is producing a physiological response in the wild."

There are a lot of unanswered questions regarding the significance of ethanol consumption to wild animals. In their future research, the team plans to investigate the behavioral and social implication of ethanol consumption in primates and to more deeply examine the enzymes involved in alcohol metabolism.

This research was supported by the Primate Society of Great Britain, the Wenner-Gren Foundation, the Canada Research Chairs program, and the Natural Sciences and Engineering Research Council of Canada.
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Nanoplastics can reduce the effectiveness of antibiotics | ScienceDaily
In a recent study, an international research team with significant involvement from MedUni Vienna has investigated how nanoplastic particles deposited in the body affect the effectiveness of antibiotics. The study showed that the plastic particles not only impair the effect of the drugs, but could also promote the development of antibiotic-resistant bacteria. The results of the study were recently published in the journal Scientific Reports.


						
In order to investigate whether and how nanoplastic particles in the body interact with antibiotics, the research team led by Lukas Kenner (MedUni Vienna), Barbara Kirchner (University of Bonn) and Oldamur Holloczki (University of Debrecen) linked a common drug with widely used types of plastic. The focus was on the broad-spectrum antibiotic tetracycline, which is used to treat many bacterial infections, such as those of the respiratory tract, skin or intestines. When it came to plastics, the choice fell on polyethylene (PE), polypropylene (PP) and polystyrene (PS), which are ubiquitous components of packaging materials, as well as nylon 6,6 (N66), which is contained in many textiles such as clothing, carpets, sofa covers and curtains. Nanoplastics are smaller than 0.001millimeters and are considered particularly harmful to humans and the environment due to their small size.

Using complex computer models, the team was able to prove that the nanoplastic particles can bind tetracycline and thus impair the effectiveness of the antibiotic. "The binding was particularly strong with nylon," emphasizes Lukas Kenner, pointing out a largely underestimated danger indoors: "The micro- and nanoplastic load is around five times higher there than outdoors. Nylon is one of the reasons for this: it is released from textiles and enters the body via respiration, for example."

Danger of antibiotic resistance

As the study results show, the binding of tetracycline to nanoplastic particles can reduce the biological activity of the antibiotic. At the same time, binding to nanoplastics could lead to the antibiotic being transported to unintended sites in the body, causing it to lose its targeted effect and possibly cause other undesirable effects. "Our finding that the local concentration of antibiotics on the surface of the nanoplastic particles can increase is particularly worrying," reports Lukas Kenner on another detail from the study. This increase in concentration could lead to the development of antibiotic-resistant bacteria. Plastics such as nylon 6,6, but also polystyrene, which bind more strongly to tetracycline, could therefore increase the risk of resistance. "At a time when antibiotic resistance is becoming an ever greater threat worldwide, such interactions must be taken into account," says Kenner.

The study shows that exposure to nanoplastics is not only a direct health risk, but can also indirectly influence the treatment of diseases. "If nanoplastics reduce the effectiveness of antibiotics, the dosage poses a massive problem," says Lukas Kenner with a view to future studies looking at the influence of nanoplastics on other drugs.
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Solar-powered animal cells | ScienceDaily
Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artificial tissue engineering. Tissues can struggle to grow due to a lack of oxygen, but adding chloroplast-infused cells could enable oxygen and energy to be supplied through light exposure and photosynthesis.


						
Would you like to be solar powered? What if, like plants or algae, just lying around in the sun could help you get energy (and not just because of all the vitamin D)? It may seem like science fiction, but some animals have already tapped into this nifty trick. Giant clams, for example, live in a symbiotic relationship with algae. Algae contain chloroplasts, and so can photosynthesize light into food and oxygen. While the clams provide a home for the algae, the algae provide energy to help their amiable hosts thrive.

However, unlike plants and algae, animal cells do not contain chloroplasts. That is until now, as researchers have demonstrated that it is possible to functionally combine the two.

"As far as we know, this is the first reported detection of photosynthetic electron transport in chloroplasts implanted in animal cells," said Professor Sachihiro Matsunaga of the University of Tokyo, corresponding author of the research paper. Photosynthetic electron transport generates chemical energy and is necessary for numerous cell functions in plants and algae. "We thought that the chloroplasts would be digested by the animal cells within hours after being introduced. However, what we found was that they continued to function for up to two days, and that the electron transport of photosynthetic activity occurred."

The team inserted chloroplasts from red algae into cultured cells derived from hamsters. The researchers examined the structure of the chloroplasts within the cells via several imaging techniques, including confocal microscopy, superresolution microscopy and electron microscopy. They also measured and confirmed that the electron transport of photosynthetic activity was occurring by using pulses of light (a technique called pulse amplitude modulation fluorometry).

"We believe this work will be useful for cellular-tissue engineering," said Matsunaga. "Lab-grown tissues, such as artificial organs, artificial meat and skin sheets, are made of multiple layers of cells. However, there is a problem that they cannot increase in size due to hypoxia (low oxygen levels) inside the tissue, which prevents cell division. By mixing in chloroplast-implanted cells, oxygen could be supplied to the cells through photosynthesis, by light irradiation, thereby improving the conditions inside the tissue to enable growth," he explained.

The team is continuing its research on creating "planimal" cells that can provide the beneficial features of plants to animals. In this study, it found that animal cells which contained chloroplasts experienced an increased cell growth rate, suggesting that the chloroplasts provided a carbon source (fuel) for the host cells. The researchers suggest that future studies could investigate the processes involved in the exchange of substances between the host cell and chloroplasts, as well as what additional substances are produced.

Matsunaga said: "We expect planimal cells to be game-changing cells, which in the future can help us achieve a 'green transformation' to a more carbon-neutral society. We will continue to develop innovative biotechnologies with the aim of realizing a sustainable society and the reduction of carbon dioxide emissions."
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Study shows natural regrowth of tropical forests has immense potential to address environmental concerns | ScienceDaily

"Tree planting in degraded landscapes can be costly. By leveraging natural regeneration techniques, nations can meet their restoration goals cost effectively," says the study's co-lead author, Brooke Williams, a researcher at the Queensland University of Technology, Australia, and the Institute for Capacity Exchange in Environmental Decisions. "Our model can guide where these savings can best be taken advantage of," she says.

A culmination of decades of work

Matthew Fagan, associate professor of geography and environmental systems at University of Maryland, Baltimore County (UMBC) and second author on the new study, developed a data set the authors relied on.

In that work, "We used satellite images to identify millions of small areas where tree cover increased over time. We then excluded the areas planted by humans with machine learning, focusing on natural regrowth," Fagan says. The study tracked regrowth between 2000 and 2012, and then checked if the regrowth was maintained through 2015. "Those natural patches were the input data for this novel study," he says, "the first to predict where future forest regrowth will occur, given observed past regrowth."

The study, co-led by Hawthorne Beyer, head of geospatial science at Mombak, a Brazilian startup which aims to generate high-quality carbon credits through reforestation of the Amazon, and director of science at Institute for Capacity Exchange in Environmental Decisions, also pulled in global data sets describing factors like soil quality, slope, road and population density, local wealth, distance from urban centers and from healthy forest, and more. "Any time you build one of these global studies, you're standing on the backs of so many other scientists," Fagan says. "Each one of these studies represents years of work."

The study found that the factors most strongly associated with high regrowth potential were a patch's proximity to existing forest, the density of nearby forest, and the content of carbon in the soil. Those factors in particular "seem to do a really good job explaining the patterns of regrowth we see across the world," Fagan says. Being close to existing forest, for example, is key to supplying a variety of seeds to the area to support diverse regrowth, Fagan explains.




Keeping it local -- by supplying a global map

The end product of the study is a digital map of the global tropics, where each pixel -- representing 30 x 30 square meters of land -- indicates the estimated potential for regrowth. That map, made possible by an extensive international collaboration of researchers, is a boon to environmentalists worldwide hoping to advocate locally for their efforts.

"Our goal and our hope is that this is used democratically by local people, organizations, and localities from the county level all the way up to the national level, to advocate for where restoration should happen," Fagan says. "The people who live there should be in charge of what happens there -- where and how to restore really depends on local conditions."

Fagan points out that some of the potential regrowth areas the study identified are unlikely to be restored for a variety of reasons, such as being in active use for ranching or crops or located on prime real estate near roads and urban centers. However, a meaningful portion of the 215 million hectares is abandoned and degraded cattle pastures or previously logged forests, where encouraging natural regeneration would have minimal cost to local economies and a long list of benefits.

"If you restored that to rainforest, the benefit to water quality, water provision, local biodiversity, and to soil quality would be immense," Fagan says. "It would also be an immense benefit for pulling carbon out of the atmosphere, so really it's just a question of, 'Where can we do this most efficiently?' That's what this paper is all about."
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Complexity of tumors revealed in 3D | ScienceDaily
A new analysis led by researchers at Washington University School of Medicine in St. Louis has revealed detailed 3D maps of the internal structures of multiple tumor types. These cancer atlases reveal how different tumor cells -- and the cells of a tumor's surrounding environment -- are organized, in 3D, and how that organization changes when a tumor spreads to other organs.


						
The detailed findings offer scientists valuable blueprints of tumors that could lead to new approaches to therapy and spark a new era in the field of cancer biology, according to the researchers.

The study is part of a group of 12 papers published Oct. 30 in the Nature suite of journals by members of the Human Tumor Atlas Network, a research consortium funded by the National Cancer Institute (NCI) of the National Institutes of Health (NIH). The 3D analysis -- published in Nature -- includes detailed data about breast, colorectal, pancreas, kidney, uterine and bile duct cancers.

The last decade of cancer research has been defined by tremendous advances in understanding the activities of cells in a tumor's environment -- both the cancer itself and its support cells, including on a single-cell level. The new study begins to reveal not just what each cell is up to, but also where each cell is located in the intact tumor and how each interacts with its neighboring cells, whether those cells are next door, down the street or in a completely different neighborhood.

This new information could help scientists understand how tumors spread or develop treatment resistance, to name a few intensive areas of ongoing study.

"These 3D maps of tumors are important because they finally let us see what, until now, we have only been able to infer about tumor structures and their complexity," said co-senior author Li Ding, PhD, the David English Smith Professor of Medicine. "We understood that cancer cells, immune cells and structural cells were all present in the tumor, sometimes protecting the cancer from chemotherapy and immune system attack, but now we can actually see those battle lines. We now have the ability to see how regions of the tumor differ in 3D space and how the behavior changes in response to therapy or when the tumor spreads to other organs. These studies have opened a new era in cancer research with the potential to transform the way we understand and treat cancer in the future."

The study is led by Ding, also a research member of Siteman Cancer Center, based at Barnes-Jewish Hospital and WashU Medicine; and her fellow co-senior authors Feng Chen, PhD, a professor of medicine; Ryan C. Fields, MD, the Kim and Tim Eberlein Distinguished Professor; William E. Gillanders, MD, a professor of surgery, all of WashU Medicine; and Benjamin J. Raphael, PhD, of Princeton University.




3D organization of tumor neighborhoods

In general, the researchers found that tumors had higher metabolic activity -- that is, they burned more fuel -- in their cores and more immune system activity on their edges. They also found that a tumor can contain multiple neighborhoods with different genetic mutations driving the tumor's growth. These neighborhoods are being appreciated for how they lead to treatment response and resistance in various cancer types. This suggests different targeted treatments may be needed to address key mutations in different neighborhoods.

"This understanding of 3D cancer metabolism will affect how our current treatments work, and sometimes don't work, and will lead to development of novel treatments in cancer," said Fields, who treats patients at Siteman. "It really is transformative."

In addition, some tumor neighborhoods can have high immune cell activity -- known as hot regions. The same tumor also can have so-called cold regions that do not have much, if any, immune activity. Hot regions typically respond well to immunotherapies, but cold regions do not, possibly helping to explain why some tumors appear responsive to immunotherapies at first and then develop resistance. If various mutation profiles as well as cold and hot neighborhoods can be identified, it presents the possibility of designing treatment strategies that could be effective against all neighborhoods within the same tumor.

The researchers -- including co-first authors, Chia-Kuei (Simon) Mo and Jingxian (Clara) Liu, both graduate students in Ding's lab -- also found large variation in how deeply immune cells had infiltrated the various tumors and where different immune cell types, such as T cells or macrophages, assembled. Some metastatic tumor samples showed the cancer breaking through immune cell boundaries to continue the invasion of healthy tissue, perhaps illustrating a phenomenon called immune cell exhaustion, in which the immune system is overwhelmed by an aggressive cancer and can no longer contain its growth.

"If we can see exhausted T cells inside a tumor, we could potentially activate those T cells with a checkpoint inhibitor or other immunotherapies," Ding said. "But if we don't see them, we will know certain immunotherapies won't work. These tumor maps can help us predict treatment resistance. We have never been able to talk this way about tumors before -- being able to see that immune cells are present in the tumor, suggesting opportunities to exploit them for treatments."

WashU Medicine researchers led two more studies as part of this package of publications. One, appearing in Nature Cancer and co-led by Ding and Gillanders, provides a detailed analysis of breast cancer, identifying how different types of breast tumors originate from different cell types. The research team also found that T cell exhaustion was common in an aggressive tumor known as triple-negative breast cancer. Knowledge of the "cell of origin" and the immune landscape in breast cancer could help guide future treatment strategies.

The other paper, appearing in Nature Methods and co-led by Ding, of WashU Medicine, and Raphael, of Princeton, describes new methods for 3D analyses of tumors, including those used in the study of the six tumor types that appeared in Nature.
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Large meltwater accumulation revealed inside Greenland Ice Sheet | ScienceDaily

The Greenland Ice Sheet is currently the largest single contributor to global sea-level rise, with the potential to raise the mean sea level by up to seven meters if it fully melts. While scientists have long studied the melt processes of the ice sheet, one crucial question has remained unanswered: how does meltwater storage evolve within the ice sheet throughout the summer melt season? A new approach provides an unprecedented view into the movement and storage of meltwater. "During the melt season, we found that a significant fraction of meltwater mass is stored temporarily within the ice sheet," says Jiangjun Ran, associate professor at Southern University of Science and Technology. "This water buffering effect peaks in July and slowly recedes in the following weeks."

Novel approach to water monitoring

"Understanding how water is stored and released within the ice sheet has always been a challenge," says Pavel Ditmar, associate professor at Delft University of Technology. The team has utilised data from the Greenland GPS Network (GNET). The network consists of several tens of stations around Greenland that continuously provide positioning data. The team developed an innovative method that interprets the detected vertical displacements of the bedrock. These displacements are caused, among other, by the mass of melting water, pushing the bedrock down.

Implications for climate models

This discovery will help improve climate models, which often underestimate the complexity of water storage within ice sheets. Especially during warmer years, models that predict water runoff towards the ocean may easily underestimate that process. The study finds that these models could require scaling adjustments of up to 20% for the warmest years. "These findings are crucial for improving forecasts of the Greenland Ice Sheet's contribution to future sea-level rise," says Michiel van den Broeke, professor at Utrecht University. "With climate change making the Arctic warmer than ever, accurate predictions are essential for preparing coastal regions for potential sea-level rise."

Years in the making

The study has taken years of preparation and required difficult expeditions to some of the most remote areas of the planet. "The work we've done not only improves our understanding of ice sheet dynamics but also opens the door to new measurement techniques and campaigns," says Shfaqat Abbas Khan, professor at the Technical University of Denmark. The study highlights the importance of international collaboration in addressing one of the planet's most pressing environmental challenges.
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Ancient DNA brings to life history of the iconic aurochs, whose tale is intertwined with climate change and human culture | ScienceDaily
Geneticists from Trinity College Dublin, together with an international team of researchers, have deciphered the prehistory of aurochs -- the animals that were the focus of some of the most iconic early human art -- by analysing 38 genomes harvested from bones dating across 50 millennia and stretching from Siberia to Britain.


						
The aurochs roamed in Europe, Asia and Africa for hundreds of thousands of years. Adorned as paintings on many a cave wall, their domestication to create cattle gave us a harnessed source of muscle, meat and milk. Such was the influence of this domestication that today their descendants make up a third of the world's mammalian biomass.

Dr Conor Rossi, Trinity, first author of the article that has just been published in leading international journal Nature Communications, said: "The aurochs went extinct approximately 400 years ago, which left much of their evolutionary history a mystery. However, through the sequencing of ancient DNA, we have gained detailed insight into the diversity that once thrived in the wild as well as enhanced our understanding of domestic cattle."

Although fossils of aurochs found in Europe date back 650,000 years ago, about the time archaic species of human appeared in the continent, animals from the east and west extremes of Eurasia share a much more recent common ancestry, pointing toward a replacement around 100,000 years ago, probably by migrations out of a southern Asian homeland.

In an echo of human prehistory, this replacement was not complete, with traces of earlier ancestry surviving in European aurochs.

Dr Mikkel Sinding, co-author and postdoctoral researcher in the Department of Biology, University of Copenhagen, said: "We normally think of the European aurochs as one common form or type, but our analyses suggest there were three distinct aurochs populations alone in Europe -- a Western European, an Italian, and a Balkan. There was thus a greater diversity in the wild forms than we had ever imagined."

Intriguingly, climate change also wrote its signature in aurochs genomes in two ways:

First, European and north Asian genomes separated and diverged at the beginning of the last ice age, around 100,000 years ago, and did not seem to mix until the world warmed up again at its end. And second, genome-estimated population sizes dropped in the glacial period, with a more pronounced hard time endured by European herds. These lost the most diversity when they retreated to separated refugia in southern parts of the continent before repopulating it again afterwards.




The most pronounced drop in genetic diversity occurs between the period when the aurochs of southwest Asia were domesticated in the north of the Fertile Crescent, just over 10,000 years ago, to give the first cattle. Remarkably only a handful of maternal lineages (as seen via mitochondrial DNA which is handed down via mothers to their offspring) come through this process into the cattle gene pool.

"Although Caesar exaggerated when he said it was like an elephant, the wild ox must have been a highly dangerous beast and this hints that its first capture and taming must have happened with only a very few animals," said Dan Bradley, Professor in Trinity's School of Genetics and Microbiology, who led the study.

"However, the narrow genetic base of the first cattle was augmented as they first travelled with their herders west, east and south. It is clear that there was early and pervasive mating with wild aurochs bulls, leaving a legacy of the four separate preglacial aurochs ancestries that persists among the domestic cattle of today."
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Discovery illuminates how sleeping sickness parasite outsmarts immune response | ScienceDaily
A new study led by researchers at the Johns Hopkins Bloomberg School of Public Health sheds light on how the blood-borne parasite that causes African sleeping sickness in humans and related diseases in cattle and other animals establishes long-term infections in hosts. Using a mouse model, the researchers showed thatTrypanosoma brucei essentially plays a game of hide-and-seek bysetting up shop in its hosts' tissues, allowing it to constantly change its protective surface coat and evade antibodies.


						
The discovery, reported October 30 in Nature, could potentially pave the way for understanding the immune response to other pathogens.

African sleeping sickness -- also known as human African trypanosomiasis -- is a neglected tropical disease that is usually fatal to humans if untreated. While treatment campaigns and tsetse fly control efforts have helped control human African trypanosomiasis, T. brucei remains a major problem for African farmers, killing an estimated three million cattle per year.

The T. brucei parasite constantly changes a surface coat made up of millions of copies of a single protein -- the variant surface glycoprotein (VSG). Once one VSG has been recognized by a host's antibody response, the parasite has already "switched" to a new one, which the immune system hasn't spotted yet. By changing which of these variant genes is active, the parasite can alter its appearance enough to evade its host's immune response for long periods.

The T. brucei parasite, after entering the bloodstream via a tsetse fly bite, also infects tissues outside the bloodstream. The function of this "extravascular" home for the parasite had previously been unclear. To get a fuller understanding of how T. brucei evades the immune system, the researchers used a customized RNA sequencing method to catalog the distinct VSG types that appeared over time during T. brucei infections in mice.

The researchers discovered that the vast majority of VSGs arose in tissues rather than in the bloodstream. They also found that parasite clearance by the immune system is slower in tissues. Their findings suggest that moving from the bloodstream into extravascular spaces gives T. brucei important "breathing room" in which to generate enough VSG variants to survive long-term in hosts, ensuring continued transmission.

"This work sets the stage for a new way of thinking about immune evasion in T. brucei infection and potentially other chronic infections," says study senior author Monica Mugnier, PhD, associate professor in the Bloomberg School's Department of Molecular Microbiology and Immunology.




The study's first author, Alexander Beaver, PhD, was a doctoral candidate in the Mugnier laboratory at the time of the study.

Transmitted by the tsetse fly, T. brucei parasites are found in many parts of sub-Saharan Africa. Many wild mammals in Africa harbor the parasite without showing signs of disease, and thus serve as reservoirs. In humans, and in livestock such as cattle, sheep, and goats, T. brucei infection can cause a chronic disease that, in later stages, involves severe lethargy and other neurological symptoms.

The parasite enters its mammalian hosts via the bloodstream during a tsetse fly bite, and usually exits the same way. Why T. brucei spreads from the blood into extravascular spaces has been an unresolved question. In the study, Mugnier and her team used their own VSG-targeted RNA-sequencing method to record the expression of different VSGs over time in T. brucei parasites recovered from both the blood and tissues of infected mice.

They showed that once an infection had been established for more than a week or so, the number of detectable VSGs in mouse tissues was, on average, several times higher than the number in blood. Thus, the bulk of VSG diversity -- the key determinant of the pathogen's ability to evade the immune response -- was seen in tissues, not blood. This was the case whether the mice were infected by needle or by tsetse fly bite.

When the researchers tracked specific VSGs from initial infection, they found that immune clearance of parasites bearing these VSGs occurred significantly later in tissues than in blood. Similarly, when they used mice engineered so that tissue clearance of the parasite was further delayed, tissue VSG diversity was correspondingly greater.

The results overall suggest that T. brucei uses tissues as relatively protected spaces in which it can survive longer, generating a greater diversity of variants, and potentially re-seeding the bloodstream with these variants -- faster than the immune system can keep up.




"Tissues were once thought to be incidental sites of infection for T. brucei, but it now appears that they might play an important role in maintaining a long-term infection for this parasite, while the bloodstream may serve more as a highway system for movement between tissues and for eventual transmission back into the tsetse fly," Mugnier says.

This new model suggests in turn, she adds, that disrupting T. brucei's ability to spread from blood to tissues could be enough to allow the immune system to catch up and terminate infection, and thus could be a valuable new treatment strategy.

Mugnier and colleagues also suspect that this exploitation of extravascular spaces may be a tactic used by other pathogens -- the Lyme disease bacterium, for example -- to establish chronic infections.

"T. brucei infection could turn out to be a useful model for understanding why extravascular spaces are less efficient at pathogen clearance and how some pathogens exploit that," Mugnier says.

Support for the study was provided by the National Institutes of Health (T32AI007417, T32OD011089, 1K99GM132557-01, DP5OD023065, R01AI58805), the Chan Zuckerberg Initiative, the German Research Foundation and the European Research Council.
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Farewell frost! New surface prevents frost without heat | ScienceDaily
Someday, people might finally say goodbye to defrosting the freezer or scraping frost off slippery surfaces. Northwestern University engineers have developed a new strategy that prevents frost formation before it begins.


						
In a new study, the researchers discovered that tweaking the texture of any surface and adding a thin layer of graphene oxide prevents 100% of frost from forming on surfaces for one week or potentially even longer. This is 1,000 times longer than current, state-of-the-art anti-frosting surfaces.

As an added bonus, the new scalable surface design also is resistant to cracks, scratches and contamination.

By incorporating the textured surface into infrastructure, the researchers imagine companies and government agencies could save billions of dollars per year in averted maintenance costs and energy inefficiencies.

The research will be published on Wednesday (Oct. 30) in the journal Science Advances.

"Unwanted frost accumulation is a major concern across industrial, residential and government sectors," said Northwestern's Kyoo-Chul Kenneth Park, who led the study. "For example, the 2021 power crisis in Texas cost $195 billion in damages, resulting directly from frost, ice and extreme cold conditions for more than 160 hours. Thus, it is critical to develop anti-frosting techniques, which are robust for long periods of time in extreme environmental conditions. It is also necessary to develop anti-frosting methods which are easy to fabricate and implement. We designed our hybrid anti-frosting technique with all of these needs in mind. It can prevent frosting for potentially weeks at a time and is scalable, durable and easily fabricated through 3D printing."

Park is an assistant professor of mechanical engineering at Northwestern's McCormick School of Engineeringand a faculty affiliate of the Paula M. Trienens Institute for Sustainability and Energy and the International Institute for Nanotechnology.




Leaf-inspired discovery

The new study builds upon previous work from Park's laboratory. In 2020, Park and his team discovered that adding millimeter-scale textures to a surface theoretically reduced frost formation by up to 80%. Published in the Proceedings of the National Academy of Sciences, the research was inspired by the rippling geometry of leaves.

"There is more frost formation on the convex regions of a leaf," Park said at the time. "On the concave regions (the veins), we see much less frost. People have noticed this for several thousands of years. Remarkably, there was no explanation for how these patterns form. We found that it's the geometry -- not the material -- that controls this."

Through experimental work and computation simulations, Park and his collaborators found that condensation is enhanced on the peaks and suppressed in the valleys of wavy surfaces. The small amount of condensed water in the valleys then evaporates, resulting in a frost-free area.

Graphene-oxide trapping power

In the previous study, Park's team developed a surface featuring millimeter-scale peaks and valleys with small angles in between. In the new study, Park's team added graphene oxide on flat valleys, which reduced frost formation by 100% in those valleys. The new surface comprises tiny bumps, with a peak-to-peak distance of 5 millimeters. Then a thin layer of graphene oxide, just 600 microns thick, coats the valleys between peaks.




"Graphene oxide attracts water vapor and then confines water molecules within its structure," Park said. "So, the graphene oxide layer acts like a container to prevent water vapor from freezing. When we combined graphene oxide with the macrotexture surface, it resisted frost for long times at high supersaturation. The hybrid surface becomes a stable, long-lasting, frost-free zone."

When compared to other state-of-the-art anti-frosting surfaces, Park's method was the clear winner. While superhydrophobic (water repelling) and lubricant-infused surfaces resisted 5-36% of frost formation for up to 5 hours, Park's surface resisted 100% of frost formation for 160 hours.

"Most other anti-frosting surfaces are susceptible to damage from scratches or contamination, which degrades surface performance over time," Park said. "But our anti-frosting mechanism demonstrates robustness to scratches, cracks and contaminants, extending the life of the surface."

Why it matters

This hybrid macrotexture-graphene oxide surface offers a promising solution for preventing frost formation in various applications. Most people only worry about frost when it coats their car windshield or kills their outdoor plants. But frost is more than a nuisance.

Frost on airplane wings can create drag, making flights dangerous or even impossible. When accumulating inside freezers and refrigerators, frost greatly reduces energy efficiency in appliances. Frost can add too much weight to power lines, leading to breakage and, ultimately, power outages. It also can impair sensors on vehicles, harming their ability to accurately detect objects.

"Developing new anti-frosting techniques is crucial to preventing costly mechanical failures, energy inefficiencies and safety hazards for critical operations," Park said. "There currently is no 'one-size-fits-all' approach because every application has specific needs. Although airplanes only require seconds of frost resistance, powerlines operating in cold environments might require days or weeks of frost resistance, for example. With our new insights, we could design powerlines and airplane wings with reduced ice adhesion. These types of alterations would greatly reduce yearly maintenance costs."

The study, "Robust hybrid diffusion control for long-term scalable frost prevention," was partially supported by the National Science Foundation (grant number CBET-2337118) and the Korea Institute for Science and Technology (grant number 2E32527).
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Similarities in brain development between marmosets and humans | ScienceDaily
In common marmosets, the brain regions that process social interactions develop very slowly, extending until early adulthood, like in humans. During this time, all group members are involved in raising the infants, which contributes to the species' strong socio-cognitive skills.


						
The development of primate brains is shaped by various inputs. However, these inputs differ between independent breeders, such as great apes, and cooperative breeders, such as the common marmoset (Callithrix jacchus) and humans. In these species, group members other than the parents contribute substantially to raising the infants from birth onwards.

A group of international researchers led by Paola Cerrito from the University of Zurich's Department of Evolutionary Anthropology studied how such social interactions map onto brain development in common marmosets. The study provides new insights into the relationship between the timing of brain development and the socio-cognitive skills of marmosets, in particular their prosocial and cooperative behaviors.

Prolonged learning from social interactions 

The research team analyzed brain development using magnetic resonance data and showed that in marmosets, the brain regions involved in the processing of social interactions exhibit protracted development -- in a similar way to humans. These brain regions only reach maturity in early adulthood, allowing the animals to learn from social interactions for longer.

Like humans, immature marmosets are surrounded and cared for by multiple caregivers from birth and are therefore exposed to intense social interaction. Feeding is also a cooperative business: the immature animals are fed by group members and as they get older, they have to beg for food because their mothers are already busy with the next offspring. According to the study, the need to elicit care from several group members significantly shapes brain development and contributes to the sophisticated socio-cognitive motivation (and observed skills) of these primates.

A model for human evolution

Given their similarities with humans, marmosets are an important model for studying the evolution of social cognition. "Our findings underscore the importance of social experiences to the formation of neural and cognitive networks, not only in primates, but also in humans," explains Cerrito.

The early-life social inputs that characterize infants' life in cooperatively breeding species may be a driving force in the development of humans' marked social motivation. "This insight could have an impact on various fields, ranging from evolutionary biology to neuroscience and psychology," adds Cerrito.
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Spirited off: Key protein aids transport within plant cells | ScienceDaily
Botanists have come to understand the channels and transporters involved in the uptake and transport of nutrients, yet how are they positioned where they need to be?


						
For example, plants need boron, which is taken into the cells by molecules known as the boric acid channel. But how do the proteins that form the channel make it to the plasma membrane?

A research group led by Professor Junpei Takano of Osaka Metropolitan University's Graduate School of Agriculture identified a mutant line of Arabidopsis thaliana in which the boric acid channels are not properly transported to the plasma membrane. The cause was a deficiency in the protein KAONASHI3 (KNS3); the name kaonashi (Japanese for "faceless") was given in 2008 by a research team under Nagoya University Associate Professor Sumie Ishiguro, who is also an author of the current study.

Detailed examination of the transport process of boric acid channels revealed that KNS3 and homologue proteins dubbed KNSTH1 and KNSTH2 are likely to form a protein complex. These complexes help move the boric acid channels from the endoplasmic reticulum to the Golgi apparatus, then to the plasma membrane.

In addition, the pollen of Arabidopsis thaliana usually has a surface with patterns like muskmelon skin, but this pattern disappears -- becomes faceless -- in mutant strains that lack the protein-encoding function of the KNS3 gene, which is involved in pollen exine formation. This feature might be due to abnormal transport of a protein other than that for the boric acid channel.

"Based on the mechanism of intracellular transport of membrane proteins revealed in this study, plants might regulate nutrient uptake and pollen structure by regulating the intracellular transport of specific proteins via the KNS3-KNSTH1-KNSTH2 complex," stated Professor Takano. "Our results might help uncover ways to reduce fertilizer requirements while improving crop yields."

The findings are published in the Journal of Experimental Botany.
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Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars | ScienceDaily
Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.


						
It is widely believed that brass bands originated with coal miners and other industrial communities in northern England and Wales between the 1830s and the 1850s. New evidence rewrites this history.

A University of Cambridge historian has found compelling evidence to show that Britain's earliest brass bands were founded by military musicians in the 1810s.

In a study published today in The Historical Journal, Dr Eamonn O'Keeffe argues that regimental bands first experimented with all-brass formats in the aftermath of the Napoleonic Wars.

While wartime bands included woodwind instruments such as clarinets and bassoons, O'Keeffe points out that the 15th Regiment of Foot had already organized a bugles-only band by 1818 and that numerous regiments had established all-brass bands by 1830, taking advantage of new instrument designs developed at home and in Continental Europe. The Life Guards, for example, performed on valved trumpets gifted by the Russian Czar. Local defence units also mustered brass bands, including a volunteer rifle corps in Paisley (1819) and yeomanry troops in Devon (1827) and Somerset (1829).

O'Keeffe also shows that veterans of the Napoleonic wars founded many of Britain's earliest non-military brass bands from the 1820s onwards. These ensembles often emerged far beyond the northern English and Welsh industrial communities with which they later became associated.

The first named civilian band which O'Keeffe has identified, the Colyton Brass Band, played God Save the King in a village in Devon in November 1828 as part of birthday festivities for a baronet's son. O'Keeffe found slightly later examples in Chester and Sunderland (both 1829), Derby and Sidmouth (1831), and Poole (1832). In 1834, Lincoln's brass band was being trained by William Shaw, 'formerly trumpeter and bugleman' in the 33rd Regiment of Foot.




"These findings illustrate just how deeply brass bands are embedded in British history and culture," said Dr O'Keeffe, who is the National Army Museum Junior Research Fellow at Queens' College, Cambridge and part of the University's Centre for Geopolitics.

"We already knew about their relationship with industrialization. Now we know that brass bands emerged from Britain's wars against Napoleon."

O'Keeffe discovered most about a band founded by James Sanderson, a Waterloo veteran, in Leamington Spa, Warwickshire. Sanderson, a former trumpet-major, publicized his 'military brass band' in the Leamington Spa Courier in February 1829. Surviving newspaper reports from that summer reveal that the outfit, equipped with keyed bugles, trumpets, French horns, and trombones, performed at several well-attended fetes and other events in the area.

Sanderson's military pension describes him as a labourer born in Thrapston, Northamptonshire. He joined the 23rd Light Dragoons, a cavalry regiment, in 1809, fought at the Battle of Waterloo in 1815 and went on to become the trumpet-major of the 13th Light Dragoons. He left the army due to epileptic fits in the 1820s.

On 29th June 1829, the Leamington Spa Courier reportedthat 'Sanderson's Warwick and Leamington Military Brass Band' performed at a Waterloo anniversary parade in Warwick. Wearing his Waterloo medal, Sanderson mustered his fellow veterans to the tune of 'See the conquering hero comes'. On 1st July, the Leicester Herald reported that Sanderson's band played for up to 300 people at a village feast in Stoneleigh, Warwickshire, inspiring a 'merry dance'.

War and peace

O'Keeffe points out that the Napoleonic Wars (1793 -- 1815) led to a dramatic proliferation of British military bands. By 1814, more than twenty thousand instrumentalists were serving in uniform, in the regular army and militia, as well as a host of part-time home defence formations.




Most of those in full-time service received higher pay than regular soldiers but were still subject to military discipline. The majority were fifers, drummers, trumpeters and buglers, whose music conveyed commands while enhancing parade-ground pageantry and morale. The remainder served in regimental bands of music, which not only enlivened military ceremonies but performed at a wide variety of public occasions, including balls, concerts, and civic processions.

By studying previously overlooked press reports, memoirs and regimental records, O'Keeffe reveals that once demobilized, men and boys who honed their instrumental skills in uniform embarked on a variety of civilian musical careers, becoming instructors, wind performers, composers, and even opera singers.

Many performed in an array of militia and volunteer bands that remained active long after demobilization. Others instructed or participated in a growing assortment of amateur wind and all-brass bands, which often sported uniforms and consciously emulated their regimental equivalents.

O'Keeffe said: "It is widely assumed that brass bands were a new musical species, distinct from their military counterparts. They are primarily seen as a product of industrialization pioneered by a combination of working-class performers and middle-class sponsors.

"But all-brass bands first appeared in Britain and Ireland in a regimental guise. As well as producing a large cohort of band trainers, the military provided a familiar and attractive template for amateur musicians and audiences. This coincided with expanding commercial opportunities and a growing belief in the moralising power of music."

O'Keeffe argues that these quasi-martial troupes enjoyed cross-class appeal, becoming fixtures of seaside resorts, pitheads, and political demonstrations in the decades after Waterloo, and were not confined to northern English industrial towns.

"Soldiers returned from the Napoleonic wars amidst a severe economic recession and many suffered a great deal," O'Keeffe said. "But here we see musicians using the skills they developed in the military to survive and often thrive."

Instruments

The Napoleonic wars created unprecedented demand for brass and other musical instruments. As well as tracking down individual musicians and bands, O'Keeffe investigated the circulation of regimental instruments after the Battle of Waterloo.

Government-issued drums and bugles were supposed to return to public stores on demobilization and band instruments generally belonged to regimental officers. But drummers and bandsmen were often unwilling to relinquish the tools of their trade.

Seven Herefordshire local militia musicians petitioned their colonel in 1816 'to make us a present' of their regimental instruments, noting that performers in other disbanded units had been permitted to keep their instruments 'as a perquisite'. The men promised to continue their weekly practices if the request was granted, pledging that 'a band will be always ready in the town of Leominster for any occasion'.

Some officers auctioned off the instruments of their disbanded corps, making large volumes of affordable second-hand instruments available to amateur players and civilian bands in the post-war decades.

Early brass bands also embraced new instrument designs adopted by their military counterparts or introduced by regimental and ex-regimental performers. The keyed bugle, patented by an Irish militia bandmaster in 1810, was widely used by the first generation of all-brass ensembles. The popularization of affordable and uncomplicated saxhorns by the Distin family further aided the spread of brass bands from the 1840s. The family's patriarch, John Distin, had begun his musical career in the wartime militia.

Enduring tunes

O'Keeffe identifies a number of tunes originating in the military that remained popular with the broader public long after Waterloo.

Theatre critics in the 1820s decried the nation's love of 'Battle Sinfonias' and the 'modern mania for introducing military bands on the stage'. 'The Downfall of Paris', a favourite regimental quick march, became a mainstay of buskers in post-war London. A music critic writing in 1827 lamented the neglect of Bach and Mozart in favour of this tune, which he said every piano instructor 'must be able to play, and moreover to teach'.

But recalling his youth in Richmond, North Yorkshire in the 1820s and 1830s, Matthew Bell described the expert militia band as a 'very popular' source of free entertainment for poorer townspeople and claimed it aroused 'a slumbering talent for music in some of those who heard its martial and inspiring strains.'

Writing in 1827, the Newcastle historian Eneas Mackenzie was clear that 'The bands attached to the numerous military corps embodied during the late war have tended greatly to extend the knowledge of music. At present, there is a band belonging to almost every extensive colliery upon the Tyne and the Wear'.

O'Keeffe said: "Brass bands enabled aspiring musicians of all ages to develop new skills and allowed people to make music as a community, learning from each other. That was the case in the nineteenth century and it's still the case today."

Dr O'Keeffe is writing a book about British military music during the Napoleonic Wars.
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Sinuses prevented prehistoric croc relatives from deep diving | ScienceDaily
An international team of paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.


						
A new paper published today [30 October] in Royal Society Open Science suggests that thalattosuchians, which lived at the time of the dinosaurs, were stopped from exploring the deep due to their large snout sinuses.

Whales and dolphins (cetaceans) evolved from land-dwelling mammals to become fully aquatic over the course of around 10 million years. During this time, their bone-enclosed sinuses reduced and they developed sinuses and air sacs outside of their skulls.

This would have alleviated increases in pressure during deeper dives, allowing them to reach depths of hundreds (dolphins) and thousands (whales) of meters without damaging their skulls.

Thalattosuchians lived during the Jurassic and Cretaceous periods and fall into two main groups. Teleosauridae, were similar to modern day gharial crocodiles, likely living in coastal waters and estuaries. Metriorhynchidae on the other hand were more fully adapted to life at sea, with streamlined bodies, flipper-like limbs and tail fins, amongst other marine adaptations.

Researchers from the University of Southampton, University of Edinburgh, and other institutions wanted to see if thalattosuchians had made similar sinus adaptations to whales and dolphins in their evolutionary journey from the land to the sea.

The team used computed tomography (a special kind of scan) to measure the sinuses of 11 thalattosuchian skulls, as well as the skulls of 14 modern crocodile species and six other fossil species.




Sinus changes

They found that braincase sinuses reduced across thalattosuchian evolution as they became more aquatic, in a similar way to those of whales and dolphins. The team think this is likely due to reasons relating to buoyancy, diving and feeding.

But the team also found that once thalattosuchians became fully aquatic, their snout sinuses expanded compared to their ancestors.

"The regression of braincase sinuses in thalattosuchians mirrors that of cetaceans, reducing during their semi-aquatic phases and then diminishing further as they became fully aquatic," explains Dr Mark Young, lead author of the paper from the University of Southampton.

"Both groups also developed extracranial sinuses. But whereas the cetacean's sinus system aids pressure regulation around the skull during deep dives, the expansive snout sinus systems of metriorhynchids precluded it from diving deeply.

"That's because at greater depths, air within the sinuses would compress, causing discomfort, damage, or even collapse in the snout due to its inability to withstand or equalise the increasing pressure."

Salt glands




While whales and dolphins have highly efficient kidneys that filter out salt from sea water, sea fairing reptiles and birds rely on salt glands to excrete salt from their systems.

The team believe that the larger, more complex snout sinuses of metriorhynchids may have helped to drain their salt glands, in a similar way to modern marine iguanas.

"A major problem for animals with salt glands is 'encrustation', where the salt dries and blocks the salt excreting ducts. Modern birds shake their heads to avoid this, while marine iguanas sneeze to force the salt out," says Dr Young.

"We think that the expanded sinuses of metriorhynchids helped to expel excess salt. Birds, like metriorhynchids, have sinuses that exit the snout and pass under the eye and when their jaw muscles contract, it creates a bellows-like effect within their sinuses. For metriorhynchids, when the sinuses where subjected to this effect, it would have compressed the salt glands within the skull and created a sneeze-like effect, similar to modern marine iguanas."

The study shows how major evolutionary transitions unfold and are shaped by species anatomy, biology and evolutionary history.

"It is fascinating to discover how ancient animals, such as thalattosuchians, adapted to a life in the ocean in their own unique way by showing both similarities and differences to modern day cetaceans," says Dr Julia Schwab, a coauthor on the paper from the University of Manchester.

Dr Young concludes: "Thalattosuchians became extinct in the Early Cretaceous period, so we'll never know for sure if given more evolutionary time they could have converged further with modern cetaceans or whether the need to mechanically drain their salts glands was an impassable barrier to further aquatic specialisation."

The research was funded by the Leverhulme Trust.
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Reactor could make direct air capture more energy efficient | ScienceDaily
Rice University researchers have developed an electrochemical reactor that has the potential to drastically reduce energy consumption for direct air capture, the removal of carbon dioxide directly from the atmosphere.


						
The new reactor design could be a part of the solution to the pressing problem of emission impacts on the climate and biosphere by enabling more agile and scalable carbon dioxide mitigation strategies.

A study in Nature Energy describes the specialized reactor as having a modular, three-chambered structure with a carefully engineered porous solid electrolyte layer at its core. Haotian Wang, a Rice chemical and biomolecular engineer whose lab has been researching industrial decarbonization and energy conversion and storage solutions, said the work "represents a big milestone in carbon capture from the atmosphere."

"Our research findings present an opportunity to make carbon capture more cost-effective and practically viable across a wide range of industries," said Wang, the corresponding author on the study and associate professor of chemical and biomolecular engineering.

The device has achieved industrially relevant rates of carbon dioxide regeneration from carbon-containing solutions. Its performance metrics, including its long-term stability and adaptability to different cathode and anode reactions, showcase its potential for wide-scale industrial use.

"One of the major draws of this technology is its flexibility," said Wang, explaining that it works with different chemistries and can be used to cogenerate hydrogen. "Hydrogen coproduction during direct air capture could translate into dramatically lower capital and operation costs for downstream manufacturing of net-zero fuels or chemicals."

The new technology offers an alternative to the use of high temperatures in direct air capture processes, which often involve running a mixed gas stream through high-pH liquids in order to filter out carbon dioxide, an acidic gas. This first step of the process ties up the carbon and oxygen atoms in the gas molecules to other compounds in the liquid, forming new bonds of varying degrees of strength depending on the type of chemical used to trap the carbon dioxide. The next major step in the process involves retrieving the carbon dioxide from these solutions, which can be done using either heat, chemical reactions or electrochemical processes.




Zhiwei Fang, a Rice postdoctoral researcher who is a study co-first author, said conventional direct air capture technologies tend to use high-temperature processes to regenerate carbon dioxide from sorbent, or the carbon dioxide-filtering agent.

"Our work focused on using electrical energy instead of thermal energy to regenerate carbon dioxide," Fang said, adding that the approach has several additional benefits, including it works at room temperature, needs no additional chemicals and generates no unwanted byproducts.

The types of chemicals used to trap the carbon dioxide have different drawbacks and advantages. Amine-based sorbents are the most widely used, in part because they tend to form weaker bonds which means less energy is required to take the carbon dioxide back out of the solution. However, they are highly toxic and unstable. Even though basic water-based solutions using sorbents like sodium hydroxide and potassium hydroxide are a greener alternative, they require much higher temperatures to release the carbon dioxide back out.

"Our reactor can efficiently split carbonate and bicarbonate solutions, producing alkaline absorbent in one chamber and high-purity carbon dioxide in a separate chamber," said Wang. "Our innovative approach optimizes electrical inputs to efficiently control ion movement and mass transfer, reducing energy barriers."

Wang said he hopes the research will motivate more industries to pursue sustainable processes and fuel the momentum toward a net-zero future. He added that this and other projects in his lab over the years reflect Rice's strategic focus on sustainable energy innovation.

"Rice is the place to be if you are passionate about sustainability and energy innovation," Wang said.

Other authors on the study are former Rice postdoctoral researcher Xiao Zhang and Rice doctoral alumni and former postdoctoral scientists Peng Zhu and Yang Xia.

The research was supported by the Robert A. Welch Foundation (C-2051) and the David and Lucile Packard Foundation (2020-71371).
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Crunching fruit fly and human data via machine learning and systems biology results in the identification of key metabolites that impact lifespan in both species | ScienceDaily
Discoveries that impact lifespan and healthspan in fruit flies are usually tested in mice before being considered potentially relevant in humans, a process that is expensive and time intensive. A pioneering approach taken at the Buck Institute leapfrogs over that standard methodology.


						
Utilizing cutting-edge machine learning and systems biology, researchers analyzed and correlated huge data sets from flies and humans to identify key metabolites that impact lifespan in both species.Results published online in Nature Communicationssuggest that one of the metabolites, threonine, may hold promise as a potential therapeutic for aging interventions.

"These results would not have been possible without this pioneering approach," says Buck professor Pankaj Kapahi, PhD, senior author of the paper. "There is a lot of data sitting out there that is not being correlated between species. I think this approach could be a game-changer when it comes to identifying potential interventions to improve human health."

Threonine has been shown to protect against diabetes in mice. The essential amino acid plays an important role in collagen and elastin production and is also involved in blood clotting, fat metabolism and immune function.

The method -- simplified

The work began with former Buck postdoc Tyler Hilsabeck, PhD, crunching data (involving metabolomics, phenotypes and genomics) to analyze 120 metabolites in 160 strains of fruit flies on both restricted and normal diets. The goal was to reveal how different genotypes responded to the diets to influence lifespan and healthspan. "This allowed us to find the 'needles in the haystack' when it came to identifying relevant metabolites," Hilsabeck says.

Vikram Narayan, PhD, a postdoctoral fellow then cross-referenced findings with human data from the massive UK Biobank. "Using the human data allowed us to focus on interesting metabolites to those that are conserved in both species. It also allowed us to uncover the impact of those metabolites in humans," he says. Importantly, the team then brought those relevant metabolites back into the fly to validate results.




The results

In flies, threonine extended lifespan in a strain-and-sex-specific manner. Individuals with higher levels of threonine-related metabolites had longer, healthier lives. "We're not saying that threonine is going to work in all conditions," says Kapahi. "Our research shows it works in subsets of both flies and people. I think most of us have stopped expecting to find a 'magic-bullet' intervention for aging. Our method provides another way to develop precision medicine for geroscience."

The results also include findings that were not so positive for both species. Orotate, which is relatively understudied and has been linked with fat metabolism, was negatively associated with aging. In flies orotate counteracted the positive impact of dietary restriction across every strain of the animals. In humans, orotate was linked to a shorter lifespan.

Larger implications

Kapahi hopes the larger research community will begin employing this method. "So many times we find things that work in worms and flies and then we don't have the resources to move the basic science forward. This approach allows us to say with a lot more certainty that discoveries are going to be relevant in humans." Kapahi says this method may reduce the need for studies in mice, something he welcomes.
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12 new Oriental weevil species discovered using advanced imaging tools | ScienceDaily
Jake Lewis, an entomologist in the Environmental Science and Informatics Section at the Okinawa Institute of Science and Technology (OIST), is fascinated by weevils, a diverse group of beetles that includes many species with elephant trunk-like mouthparts (called a rostrum). Weevils provide various ecosystem services such as pollination and decomposition, but some species are serious pests known to decimate crop fields and timber forests.


						
Using x-ray microtomography, a 3D imaging technique that uses x-rays to visualize cross sections of the internal structure of objects, Lewis and his collaborators digitally removed scales that cover the cuticle of the weevils. They found that the underlying cuticle differs significantly between species and can therefore be used for taxonomic and classification purposes. Using this technique in combination with traditional light microscopy and DNA barcoding, they discovered, described, and named 12 new weevil species from Japan, Malaysia, Vietnam, and Taiwan. These species range from 1.5 -- 3.0 mm in length and are comparatively quite small weevils.

Two of these new species are present in Japan: Aphanerostethus magnus (Oo-daruma-kuchikakushi-zoumushi) and Aphanerostethus japonicus (Nippon-daruma-kuchikakushi-zoumushi). One of these, Aphanerostethus japonicus, is also found in Yanbaru National Park, Okinawa. This is the first time x-ray microtomography has been used to remove obscuring scales to examine underlying differences in morphology for taxonomic purposes. The findings from this study have been published in the journal Zookeys.

The researchers showed that removing scales using x-ray microtomography reveals significant morphological differences between species, which cannot be easily observed using other methods. Consequently, this technique may gain more popularity as a tool for identifying new insect species, especially those covered in scales or debris.

Lewis, OIST's Insect Collection Manager and lead author of the paper, examined specimens from collections in Canada, Germany, Japan, Malaysia, Taiwan, and the Netherlands. One of the primary goals was to investigate the use of x-ray microtomography as a tool in weevil taxonomy. The genus Aphanerostethus was poorly studied in the past, but many undescribed species were discovered in museum collections around the world, including the two new species from Japan.

Multiple methods to find new species

The researchers used traditional methods such as light microscopy and dissections to observe differences between species, including the scales along the elytra (back), leg spines, and the shape of the rostral canal (a canal that protects the rostrum). They also used DNA barcoding to analyze their genes and create a phylogenetic tree of eight of the species. Some species were not as easy to separate based on morphology alone, but as the gene sequences differ between species, the phylogenetic tree was informative and provided additional evidence of new species.




Although the above methods are standard practice in taxonomy, the researchers' use of X-ray microtomography was novel and was successfully used to examine the structure of not only the hidden cuticle, but also the hindwings. Aphanerostethus weevils have lost the ability to fly due to the gradual reduction of their hindwings, however the degree of reduction was shown to differ between species. Normally, specimens would have to be dissected to view the hindwings, but because x-ray microtomography allows for non-destructive examination of internal anatomy, it is invaluable when working with rare or precious specimens that cannot be dissected or altered.

The presence of partially reduced wings in some species offers a fascinating glimpse into the ongoing process of evolutionary change: "Some species have almost completely lost their hindwings, while others still have non-functional half-wings with remaining vein patterns. The differing degrees in hindwing loss is not only useful for taxonomy and systematics, but also shows how different species within the same group can be at different stages of losing a historically highly important organ that played a crucial role in insect evolution," Lewis explained.

Investing in Japan's natural heritage

The discovery of new weevil species can be challenging for two main reasons. Firstly, weevils are incredibly diverse, making complete cataloging time consuming and tedious. Secondly, many weevil species are highly host-specific, may only inhabit very particular microhabitats, and may only be active for a short period of time as adults. For example, some species feed on a single tree species and may only occupy a certain part of a tree, such as the canopy. Furthermore, some species of weevils are strictly nocturnal and rarely observed during the daytime.

This extreme specialization and variation in natural history means that unless researchers investigate at night and day, across seasons, and focus on specific parts of many different plant species, they will inevitably overlook certain species.

Dr. Dan Warren, a research fellow at the Gulbali Institute for Applied Ecology and former leader of the Environmental Science and Informatics Section, emphasized the importance of investing in specimen collections: "These specimen collections are crucial for discovering new species and documenting biodiversity changes, both from human activities and natural cycles. They are essential tools for scientific research and conservation biology," he stated. "Without proper support for them and the people who maintain them, we risk losing irreplaceable information on species and ecosystems, potentially before we even discover them."

"These new weevil species are part of Japan's natural heritage, and although still poorly known ecologically, discovering and naming them is the first step towards an understanding of their biology," Lewis added. Protected areas like Yanbaru National Park, home to the newly discovered A. japonicus, are essential to the protection of the island's rich and endemic biodiversity.
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Paving the way for harvesting and storing solar energy efficiently | ScienceDaily
As stated by the International Energy Agency (IEA), approximately 50 percent of global final energy consumption is dedicated to heating. Yet, the utilization of solar power in this sector remains relatively low compared to fossil energy sources. An inherent problem limiting the widespread usage of solar energy is the intermittency of its direct availability. A promising solution comes in the form of molecular solar energy storage systems.


						
Conventional thermal energy storage strategies store the energy for short periods, e.g., in the form of hot water. In contrast, molecular solar energy storage systems store solar energy in the form of chemical bonds, allowing it to be preserved for several weeks or even months. These specialized molecules -- or photoswitches -- absorb solar energy and release it later as heat, on demand. However, a key challenge for current photoswitches is the trade-off between energy storage capacity and efficient absorption of solar light, limiting the overall performance. To overcome this issue, research teams at Johannes Gutenberg University Mainz (JGU) and the University of Siegen present a novel approach in a collaborative study.

Decoupling the absorption and storing processes of solar energy

The novel class of photoswitches was first introduced by the group of Professor Heiko Ihmels at the University of Siegen, demonstrating exceptional energy storage potential comparable to conventional lithium-ion batteries. However, their functionality was initially limited to activation by UV light, which constitutes only a small portion of the solar spectrum. The research teams at Mainz and Siegen now introduced an indirect light harvesting method, comparable to the function of the light-harvesting complex in photosynthesis. This incorporates a second compound, a so-called sensitizer, which exhibits excellent absorption properties of visible light. "In this approach, the sensitizer absorbs light and subsequently transfers energy to the photoswitch, which cannot be directly excited under these conditions," explained Professor Christoph Kerzig of the JGU Department of Chemistry.

This new strategy has increased solar energy storage efficiency by more than one order of magnitude, representing a major step forward for the energy conversion research community. The potential applications of these systems span from household heating solutions to large-scale energy storage, offering a promising path towards sustainable energy management.

Mechanistic studies essential for reaction discovery and optimization

The Mainz-based team of researchers led by Professor Christoph Kerzig and PhD student Till Zahringer conducted detailed spectroscopic analyses to explore the complex system, which were essential for understanding the underlying mechanism. Each reaction step was carefully examined by the paper's first author, Till Zahringer, resulting in a thorough understanding of how the system operates. "By doing so, we could not only push the light-harvesting limit substantially but also improve the conversion efficiency of light to stored chemical energy," explained Zahringer. Under operational conditions, each absorbed photon can trigger a chemical bond formation process, which is rarely observed in photochemical reactions owing to several energy loss channels. The scientists successfully validated the system's robustness and practicality by cycling between the energy storage state and the energy release state multiple times employing solar light, highlighting its potential for real-world applications.

The results have been published in Angewandte Chemie, where the work has been classified as a Hot Paper due to exceptional evaluations from scientific reviewers.

This research project received financial support from the German Research Foundation (DFG) and the German Federal Environment Foundation, providing a project grant to Christoph Kerzig and a fellowship to Till Zahringer, respectively. Further support came from the House of Young Talents and the Stiftung Nagelschneider of the University of Siegen.
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Coastal flooding during hurricanes Helene and Milton tracked | ScienceDaily
A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided University of South Florida scientists with essential data from hurricanes Helene and Milton.


						
The team of researchers led by USF St. Petersburg GIS and Remote Sensing Professor Barnali Dixon used the CRIS-HAZARD app to analyze real-time flooding in Pinellas County, which is home to 588 miles of coastline. The app also received data from users in neighboring Hillsborough County during Hurricane Milton, which allowed the team to expand its research.

The app, developed in collaboration with researchers at Georgia Tech, combines volunteered geographic information and community crowdsourced data such as photos and videos with near real-time data on flooding. Using dynamic modeling and mapping tools, including artificial intelligence (AI), the app can identify and extract estimated water elevation from imagery submitted that will be used to inform emergency managers and policymakers.

The CRIS-HAZARD app made a soft launch on Sept. 18. Eight days later, Hurricane Helene hit Florida's west coast north of Tampa Bay as a Category 4 hurricane. On Oct. 9, Hurricane Milton hit Florida's west coast south of Tampa Bay as a Category 3 hurricane.

Images gathered from the back-to-back storms gave the team important information about how much flooding occurred and where in the Tampa Bay area.

"People used it to report what was happening in their backyard," said Dixon, who is also executive director of USF's Initiative on Coastal Adaptation and Resilience (iCAR). "This information is their lived experience, and we want to take that experience and make data out of it using AI tools that will process images and figure out the depth of the water. We can use that data to calibrate and validate models."

In addition to the data provided for researchers, the pictures and videos are accessible to other users so they can see where flooding is happening, which helps inform them of hazards in the community.




Dixon compares it to the real-time traffic app Waze, where drivers can see traffic back-ups and where police activity is happening along roads and highways.

"We make it a real-time display for about seven days, then the data is archived," Dixon said. "For example, if there is a big rain event today, you want to know what is happening today, not a month or two months back. But the data stays there so we can access and analyze it."

In 2023, Dixon received a $1.5 million National Science Foundation grant to build the app. Since then, her team has made significant progress. They have installed 14 cameras in St. Petersburg, with 30 more planned throughout Pinellas County.

The cameras are placed in front of five-foot poles with reflective tape that show flooding as it's happening. Each strip is placed six inches apart. Images captured by the cameras during Hurricane Helene indicate that about 3.5 feet of water rose above the seawall in many locations.

The new app, which provides an interactive user experience, is based on the existing Community Resiliency Information System (CRIS), a website created in 2020 by iCAR.

The CRIS platform leverages crowdsourced data to identify climate-related vulnerabilities in local communities. Residents can input information related to issues such as flooding and power outages. This information can then be used by policymakers and neighborhood leaders to make decisions about policy and resource allocation. The data also allows emergency managers to identify areas with concentrations of people who need transportation assistance or are reliant on power for medical needs.




Dixon has been working with community leaders in St. Petersburg's Childs and Bartlett Park neighborhoods for several years, where residents have successfully used the system to prepare for extreme storm events. Through the CRIS website, participants can view maps and see their risk of storm surge and sea level rise. They can also share their own information and suggest ways to improve the system.

"We have used the application at all our community town halls," said Erica Hall, executive director of the Florida Food Policy Council. "As a community leader and liaison, this will help communities tremendously to understand the connection between sea level rise, climate change, extreme heat and coastal flooding. Some vulnerable coastal neighborhoods also show food insecurity and health disparity concerns. Having CRIS map those concerns tells a story that will allow the community to understand."

As principal investigator, Dixon developed the app alongside co-principal investigators Yi Qiang from the USF School of Geosciences and two others from Georgia Tech, Subhrajit Guhathakurta from the College of Design and Peng Chen from the College of Computing.

The research team will continue to work with community partners in St. Petersburg and other flood-prone coastal areas of Pinellas County to refine the app. As the CRIS-HAZARD app gains users and data, the team hopes to make it available to communities nationwide.
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Have we found all the major Maya cities? Not even close, new research suggests | ScienceDaily
Using laser-guided imaging to peer through dense jungle forests, Tulane University researchers have uncovered vast unexplored Maya settlements in Mexico and a better understanding of the ancient civilization's extent and complexity.


						
The new research, published in the journal Antiquity, was led by Tulane University anthropology doctoral student Luke Auld-Thomas and his advisor, Professor Marcello A. Canuto.

The team used lidar, a laser-based detection system, to survey 50 square miles of land in Campeche, Mexico, an area largely overlooked by archaeologists. Their findings included evidence of more than 6,500 pre-Hispanic structures, including a previously unknown large city complete with iconic stone pyramids.

"Our analysis not only revealed a picture of a region that was dense with settlements, but it also revealed a lot of variability," said Auld-Thomas, a doctoral student in Tulane's Anthropology Department and instructor at Northern Arizona University. "We didn't just find rural areas and smaller settlements. We also found a large city with pyramids right next to the area's only highway, near a town where people have been actively farming among the ruins for years. The government never knew about it; the scientific community never knew about it. That really puts an exclamation point behind the statement that, no, we have not found everything, and yes, there's a lot more to be discovered."

The Middle American Research Institute (MARI) at Tulane University has been pioneering the use of lidar technology in archaeological research. Over the past decade, the MARI has built a state-of-the art Geographic Information Systems (GIS) lab, managed by Francisco Estrada-Belli, to analyze remote sensing data, such as lidar.

Lidar technology uses laser pulses to measure distances and create three-dimensional models of specific areas. It has allowed scientists to scan large swaths of land from the comfort of a computer lab, uncovering anomalies in the landscape that often prove to be pyramids, family houses and other examples Maya infrastructure.

"Thanks to generous funding from the Hitz Foundation, MARI has been at the forefront of the use of lidar technology in archaeological research over the past decade," said Canuto, director of the MARI. "Now our efforts are expanding from data analysis to data collection and acquisition. The work conducted on these data from Campeche represent how MARI's 'lidar footprint' is expanding."

This research may also help resolve ongoing debates about the true extent of Maya settlements.




"Because lidar allows us to map large areas very quickly, and at really high precision and levels of detail, that made us react, 'Oh wow, there are so many buildings out there we didn't know about, the population must have been huge,'" Auld-Thomas said. "The counterargument was that lidar surveys were still too tethered to known, large sites, such as Tikal, and therefore had developed a distorted image of the Maya lowlands. What if the rest of the Maya area was far more rural and what we had mapped so far was the exception instead of the rule?"

The study highlights the transformative power of lidar technology in unveiling the secrets of ancient civilizations. It also provides compelling evidence of a more complex and varied Maya landscape than previously thought.

"Lidar is teaching us that, like many other ancient civilizations, the lowland Maya built a diverse tapestry of towns and communities over their tropical landscape," Canuto said. "While some areas are replete with vast agricultural patches and dense populations, others have only small communities. Nonetheless, we can now see how much the ancient Maya changed their environment to support a long-lived complex society."
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More than half of European heat-related deaths in summer 2022 attributed to anthropogenic warming | ScienceDaily
The unprecedented temperatures in the summer of 2022 caused more than 68,000 deaths on the continent, according to astudy by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the 'la Caixa' Foundation. A new study has now found that more than half -- 56% -- of the heat-related deaths in the summer of 2022 were related to human-induced climate change. According to the research, 38,154 of the 68,593 heat-related deaths in the summer of 2022 would not have occurred without anthropogenic warming.


						
The starting point was previous research in which, using temperature and mortality records from 35 European countries, epidemiological models were fitted to estimate heat-related mortality in the summer 2022. Using a dataset of global mean surface temperature anomalies between 1880 and 2022, they estimated the increase in temperatures due to anthropogenic warming for every region. They then subtracted those increases from the recorded temperatures to obtain an estimate of what temperatures would have been in the absence of anthropogenic warming. Finally, using the model developed in the first study, they estimated mortality for a hypothetical scenario where those temperatures would have occurred.

The results, published in npj Climate and Atmospheric Science, showed that the number of heat-related deaths per million inhabitants attributed to anthropogenic warming was twice as high in the Southern regions compared to the rest of Europe.

In line with previous studies, the team found a higher number of heat-related deaths attributed to climate change among women (22,501 out of 37,983 deaths) and people aged 80 years or more (23,881 out of 38,978 deaths) as opposed to men (14,026 out of 25,385 deaths) and people aged 64 years or less (2,702 out of 5,565 deaths).

"This study sheds light on the extent to which global warming impacts public health. While we observe an increase of heat-related mortality across nearly all the countries analysed, not everyone is affected equally, with women and the elderly particularly vulnerable to the adverse effects of rising temperatures," says Thessa Beck, ISGlobal researcher, and the study's first author.

Urgent need for ambitious adaptation and mitigation measures

Temperatures in Europe are rising twice as fast as the global average, exacerbating health impacts. But climate change has not only exacerbated heat-related mortality in exceptionally hot summers as in 2022. According to the study's findings, between 44% and 54% of heat-related summer mortality between 2015 and 2021 can be attributed to global warming. In absolute terms, this corresponds to an annual burden of between 19,000 and 28,000 deaths. By comparison, the figures for 2022 show an alarming 40% increase in heat-related mortality and a two-thirds increase in mortality attributed to anthropogenic warming.

"Our study urgently calls on governments and national authorities in Europe to increase the ambition and effectiveness of surveillance and prevention measures, new adaptation strategies, and global mitigation efforts. Without strong action, record temperatures and heat-related mortality will continue to rise in the coming years," says Joan Ballester Claramunt, Principal Investigator of the European Research Council (ERC) Consolidator Grant EARLY-ADAPT
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Oceanographers record the largest predation event ever observed in the ocean | ScienceDaily
There is power in numbers, or so the saying goes. But in the ocean, scientists are finding that fish that group together don't necessarily survive together. In some cases, the more fish there are, the larger a target they make for predators.


						
This is what MIT and Norwegian oceanographers observed recently when they explored a wide swath of ocean off the coast of Norway during the height of spawning season for capelin -- a small Arctic fish about the size of an anchovy. Billions of capelin migrate each February from the edge of the Arctic ice sheet southward to the Norwegian coast, to lay their eggs. Norway's coastline is also a stopover for capelin's primary predator, the Atlantic cod. As cod migrate south, they feed on spawning capelin, though scientists have not measured this process over large scales until now.

Reporting their findings in Nature Communications Biology, the MIT team captured interactions between individual migrating cod and spawning capelin, over a huge spatial extent. Using a sonic-based wide-area imaging technique, they watched as random capelin began grouping together to form a massive shoal spanning tens of kilometers. As the capelin shoal formed a sort of ecological "hotspot," the team observed individual cod begin to group together in response, forming a huge shoal of their own. The swarming cod overtook the capelin, quickly consuming over 10 million fish, estimated to be more than half of the gathered prey.

The dramatic encounter, which took place over just a few hours, is the largest such predation event ever recorded, both in terms of the number of individuals involved and the area over which the event occurred.

This one event is unlikely to weaken the capelin population as a whole; the preyed-upon shoal represents 0.1 percent of the capelin that spawn in the region. However, as climate change causes the Arctic ice sheet to retreat, capelin will have to swim farther to spawn, making the species more stressed and vulnerable to natural predation events such as the one the team observed. As capelin sustains many fish species, including cod, continuously monitoring their behavior, at a resolution approaching that of individual fish and across large scales spanning tens of thousands of square kilometers, will help efforts to maintain the species and the health of the ocean overall.

"In our work we are seeing that natural catastrophic predation events can change the local predator prey balance in a matter of hours," says Nicholas Makris, professor of mechanical and ocean engineering at MIT. "That's not an issue for a healthy population with many spatially distributed population centers or ecological hotspots. But as the number of these hotspots deceases due to climate and anthropogenic stresses, the kind of natural 'catastrophic' predation event we witnessed of a keystone species could lead to dramatic consequences for that species as well as the many species dependent on them."

Makris' co-authors on the paper are Shourav Pednekar and Ankita Jain at MIT, and Olav Rune Godo of the Institute of Marine Research in Norway.




Bell sounds

For their new study, Makris and his colleagues reanalyzed data that they gathered during a cruise in February of 2014 to the Barents Sea, off the coast of Norway. During that cruise, the team deployed the Ocean Acoustic Waveguide Remote Sensing (OAWRS) system -- a sonic imaging technique that employs a vertical acoustic array, attached to the bottom of a boat, to send sound waves down into the ocean and out in all directions. These waves can travel over large distances as they bounce off any obstacles or fish in their path.

The same or a second boat, towing an array of acoustic receivers, continuously picks up the scattered and reflected waves, from as far as many tens of kilometers away. Scientists can then analyze the collected waveforms to create instantaneous maps of the ocean over a huge areal extent.

Previously, the team reconstructed maps of individual fish and their movements, but could not distinguish between different species. In the new study, the researchers applied a new "multispectral" technique to differentiate between species based on the characteristic acoustic resonance of their swim bladders.

"Fish have swim bladders that resonate like bells," Makris explains. "Cod have large swim bladders that have a low resonance, like a Big Ben bell, whereas capelin have tiny swim bladders that resonate like the highest notes on a piano."

By reanalyzing OAWRS data to look for specific frequencies of capelin versus cod, the researchers were able to image fish groups, determine their species content, and map the movements of each species over a huge areal extent.




Watching a wave

The researchers applied the multi-spectral technique to OAWRS data collected on Feb. 27, 2014, at the peak of the capelin spawning season. In the early morning hours, their new mapping showed that capelin largely kept to themselves, moving as random individuals, in loose clusters along the Norwegian coastline. As the sun rose and lit the surface waters, the capelin began to descend to darker depths, possibly seeking places along the seafloor to spawn.

The team observed that as the capelin descended, they began shifting from individual to group behavior, ultimately forming a huge shoal of about 23 million fish that moved in a coordinated wave spanning over ten kilometers long.

"What we're finding is capelin have this critical density, which came out of a physical theory, which we have now observed in the wild," Makris says. "If they are close enough to each other, they can take on the average speed and direction of other fish that they can sense around them, and can then form a massive and coherent shoal."

As they watched, the shoaling fish began to move as one, in a coherent behavior that has been observed in other species but never in capelin until now. Such coherent migration is thought to help fish save energy over large distances by essentially riding the collective motion of the group.

In this instance, however, as soon as the capelin shoal formed, it attracted increasing numbers of cod, which quickly formed a shoal of their own, amounting to about 2.5 million fish, based on the team's acoustic mapping. Over a few short hours, the cod consumed 10.5 million capelin over tens of kilometers before both shoals dissolved and the fish scattered away. Makris suspects that such massive and coordinated predation is a common occurrence in the ocean, though this is the first time that scientists have been able to document such an event.

"It's the first time seeing predator-prey interaction on a huge scale, and it's a coherent battle of survival," Makris says. "This is happening over a monstrous scale, and we're watching a wave of capelin zoom in, like a wave around a sports stadium, and they kind of gather together to form a defense. It's also happening with the predators, coming together to coherently attack."

The team hopes to deploy OAWRS in the future to monitor the large-scale dynamics among other species of fish.

"It's been shown time and again that, when a population is on the verge of collapse, you will have that one last shoal. And when that last big, dense group is gone, there's a collapse," Makris says. "So you've got to know what's there before it's gone, because the pressures are not in their favor."

This work was supported, in part, by the U.S. Office of Naval Research and the Institute of Marine Research in Norway.
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Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks | ScienceDaily

However, researchers caution that ongoing habitat degradation and persistent droughts could threaten the long-term effectiveness of this natural deterrent.

Kenya is facing rapid human population growth, with a 59.4% increase between 2000 and 2020, which has led to the shrinking of elephant habitats as human settlements and infrastructure expand. Finding sustainable ways for people and elephants to coexist is becoming an urgent challenge for KWS, responsible for protecting the country's natural resources amid growing economic development needs. Keeping elephants safely away from subsistence farms is a major focus of Save the Elephants' Coexistence Programme.

Beehive fences, introduced in 2007 by STE and KWS, in partnership with the University of Oxford, offer an innovative approach. These fences consist of a series of live beehives strung together between posts, creating a physical, auditory, and olfactory deterrent to elephants. The elephants' natural fear of being stung keeps them away, while the fences also benefit farmers by providing pollination services and generating income through honey and wax production.

The study monitored 26 farms protected by beehive fences in two villages near Tsavo East National Park, and analysed nearly 4,000 incidents of elephant approaches. Elephants roam freely in and out of the park throughout the year as they look for mates, food and water, but can be attracted by the smell and nutritional richness of agricultural crops.

During six peak crop-growing seasons (November to January 2014-2020), 3,027 elephants approached the farms and the beehive fences successfully deterred an annual average of 86.3% of elephants from raiding crops. Across all seasons and the entire study period, including a drought, the fences deterred an annual average of 76% of elephants.

However, challenges such as the drought -- which reduced hive occupation by 75% during 2017 -- negatively impacted honey production and profits both during the drought and for three years after. Despite this climatic shock, the 365 beehives used in the study produced one ton of honey, sold for $2,250.

Dr Lucy King from Save the Elephants and the University of Oxford's Department of Biology, who led the study, highlighted the effectiveness of beehive fences but warned of future risks. "Beehive fences are very effective at reducing up to 86.3% of elephant raids when the crops in the farms are at their most attractive," she said, "but our results also warn that increased habitat disturbance or more frequent droughts could reduce the effectiveness of this nature-based coexistence method."

Dr. Patrick Omondi, Director Wildlife Research and Training Institute, emphasised the importance of continued research and funding for sustainable solutions. "Kenya is facing increasing challenges with human-elephant conflict, and solutions like beehive fences empower communities to manage their own farm protection," he said. "We need more research and support for nature-based solutions to help our communities live better alongside wildlife."

Previous research by Save the Elephants, KWS and the University of Oxford in partnership with bioacoustician scientists from Disney's Animal Kingdom(r) has shown that elephants respond strongly to bees, running away from disturbed bee sounds and exhibiting behaviours such as head-shaking, dusting, and rumbling to warn others. While elephants' thick skin usually protects them, disturbed honey bees target sensitive areas like the eyes, mouth, and trunk, where their stings cause discomfort. This natural fear of bees has been harnessed as a practical tool to keep elephants away from farms, helping to promote coexistence between humans and wildlife. To date over 14,000 beehives have been hung as elephant deterrents in 97 sites across Africa and Asia.
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Scientist on personal mission to improve global water safety makes groundbreaking discovery | ScienceDaily
A study led by the University of Bristol shedding new light on how arsenic can be made less dangerous to humans has the potential to dramatically improve water and food safety, especially in the Global South.


						
For the lead researcher it's an academic and personal mission because he witnessed first-hand the constant struggle to find clean, arsenic-free water as a child in India.

Lead author Dr Jagannath Biswakarma, Senior Research Associate at the University's School of Earth Sciences, said: "There are millions of people living in regions affected by arsenic, like I was growing up. This breakthrough could pave the way for safer drinking water and a healthier future."

Arsenic pollution exposure is a huge environmental and public health issue in southern and central Asia and South America, where people depend on groundwater for drinking and farming. The more toxic and mobile form of arsenic, called arsenite, easily seeps into water supplies and can lead to cancers, heart disease and other serious conditions.

Dr Biswakarma said: "I've seen the daily battle for safe drinking water in my hometown Assam. It's very hard to find groundwater sources that aren't contaminated with arsenic, so for me this research hits close to home. It's an opportunity to not only advance science, but also better understand the extent of a problem which has affected so many people in my own community and across the world for many decades."

Scientists previously believed arsenite could only be turned into the less harmful form, called arsenate, with oxygen. But this new study has shown it can still be oxidised, even in the absence of oxygen, with small amounts of iron which act as a catalyst for oxidation.

Dr Biswakarma said: "This study presents a new approach to addressing one of the world's most persistent environmental health crises by showing that naturally occurring iron minerals can help oxidise, lowering the mobility of arsenic, even in low-oxygen conditions."

Study findings revealed that arsenite could be oxidised by green rust sulfate, a source of iron prevalent in low-oxygen conditions, such as groundwater supplies. They also showed this oxidation process is further enhanced with a chemical released by plants and commonly found in soils and groundwater.




"These organic ligands, such a citrate from plant roots, could play a critical role in controlling arsenic mobility and toxicity in natural environments," Dr Biswakarma added.

The implications of this discovery are particularly significant for regions in the Global South facing some of the world's highest levels of arsenic pollution. In countries such as India and Bangladesh, the local geology is rich in iron, and reducing conditions often dominate in groundwater systems, leading to high levels of arsenic contamination. In the Ganges-Brahmaputra-Meghna Delta, which spans Bangladesh and eastern India, millions of people have been exposed to arsenic-contaminated groundwater for decades as the chemical enters the water through natural processes.

Dr Biswakarma said: "Many households rely on tube wells and hand pumps, but these systems do not guarantee access to clean water. The water often cannot be used for drinking or other household tasks due to its toxicity, odour, and discoloration. Additionally, there is an ongoing financial burden associated with obtaining new tube wells or hand pumps. As a result, economically disadvantaged families continue to struggle to find safe water for their daily needs."

Similarly, the Mekong Delta and the Red River Delta, in Vietnam, face ongoing challenges with arsenic pollution, affecting drinking water supplies and agricultural productivity. Rice paddies can become hotspots of arsenic exposure, as the toxic chemical can accumulate in soil and be absorbed by rice plants, posing a further health risk through food consumption.

"The research opens the door for developing new strategies to mitigate arsenic pollution. Understanding the role of iron minerals in arsenic oxidation could lead to innovative approaches to water treatment or soil remediation, using natural processes to convert arsenic into its less harmful form before it enters drinking water supplies," said co-author Molly Matthews, who worked on the paper during her Masters degree in Environmental Geoscience at the University of Bristol.

Identifying the specific form of arsenic in a sample can be challenging. Even a trace amount of oxygen can convert arsenite into arsenate, so it is vital to protect samples from exposure to air. Thanks to funding from the European Synchrotron Radiation Facility (ESRF) the team was able to conduct these complex experiments at its XMaS synchrotron facility, in Grenoble, France.




Co-author Dr James Byrne, Associate Professor of Earth Sciences, added: "Determining arsenic formation at the atomic level using X-ray absorption spectroscopy was crucial for confirming changes to the arsenic oxidation state. The synchrotron therefore played a pivotal role in supporting our findings, which have potentially broad implications for our understanding of water quality."

This work at University of Bristol was supported through a UK Research & Innovation (UKRI) Future Leaders Fellowship (FLF) awarded to Dr James Byrne. Further research is now needed to explore how these findings can be applied in real-world settings.

Dr Biswakarma said: "The whole research team worked tirelessly on this project, putting in 24/7 shifts including over Easter to conduct the experiments in France.

"I genuinely believe, with more work, we can find effective possible solutions and we're already making great inroads to overcoming this big global issue. We're excited to investigate how this process might work in different types of soils and groundwater systems, especially in areas where arsenic contamination is most severe."

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 advancing equitable and sustainable health, and driving forward social justice.
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Strategy to reduce the amount of propofol waste in the operating room | ScienceDaily
Propofol is used in the operating room to induce anesthesia. To maintain anesthesia, a continuous infusion of the agent via a separate syringe pump is the standard procedure for total intravenous anesthesia. However, this is not entirely sustainable: propofol produces about 45 percent of the drug waste in the operating room, and a quarter of the agent remains unused. Researchers at the University Hospital Bonn (UKB) and the University of Bonn have now shown that an alternative method reduces the amount of waste. Instead of a separate syringe for the induction and maintenance of anesthesia, the researchers were able to show that the use of a single syringe pump for the induction and maintenance of anesthesia is more sustainable: propofol waste could be reduced by between 30 and 50 percent. The study has now been published in the British Journal of Anaesthesia.


						
In times of climate change, hospitals also need to develop sustainable strategies for the protection of resources. Anesthesiology and intensive care medicine are among the most resource- and energy-intensive areas: they generate a significant proportion of hospital and medication waste, which must be disposed of properly. "Propofol is a leader in terms of medication waste," explains Prof. Dr. Mark Coburn, Director of the Department of Anesthesiology and Operative Intensive Care Medicine (KAI) at the UKB, who also conducts research at the University of Bonn. The anesthetic is used to induce and maintain anesthesia. It is routinely injected in the operating room first with a syringe to induce anesthesia and, after the patient has fallen asleep, a continuous infusion often follows via a separate automatic syringe pump. The problem: "In some institutions, up to 45 percent of all medication waste in the operating room is propofol," emphasizes Dr. Florian Windler, a KAI assistant physician at the UKB. In addition, a quarter of the anesthetic prepared remains unused or underused at the end of the operation and goes to waste.

Is a single syringe pump more ecological?

A research team in Bonn has now investigated whether the use of a single syringe pump for both induction and maintenance of anesthesia instead of a separate syringe for induction reduces propofol waste. Anesthetists already use this method. There are no known disadvantages for patient safety as a result of this procedure. However, the researchers analyzed whether it is really more environmentally friendly by examining propofol consumption and waste in the anesthesia protocols of over 300 surgeries performed between June 2021 and June 2023. They compared the procedures using the conventional method with those using the alternative with only one syringe pump. They also examined whether the propofol discard between the two methods varied in relation to clinical data such as the age, weight and gender of the patients, as well as their alcohol and drug consumption.

The results showed that "on average, around 30 percent less propofol was discarded per operation when anesthesia was administered using a single syringe pump," says first and corresponding author Dr. Windler. For procedures lasting between 20 and 100 minutes, this procedure without a separate syringe for the anesthesia even resulted in up to almost 50 percent less propofol waste. Patient's age, gender, weight or pre-existing conditions had no influence on the waste in the operating room. The situation was different for patients who consumed alcohol or other substances on a regular basis. These patients usually require more anesthetic during surgery. The waste in these patients was increased. "Interestingly, this only occurred when we administered an additional syringe. The effect is not visible when using the syringe pump, but rather reduces waste by up to 49 percent," adds co-author Prof. Coburn.

A greener approach to anesthesia in the future

"Our analysis indicates that the use of a single syringe pump for both induction and maintenance of anesthesia is the best option overall," Dr. Windler concludes from the results. The method could therefore actually represent a more sustainable method. In addition, this also has an economic effect: if the procedure is used 10 to 15 times a day, around 1,300 of the frequently used 20-milliliter vials of propofol can be saved per year. "From an ecological as well as an economic point of view, the induction of anesthesia with a separate syringe should be reconsidered as the standard method," appeals Prof. Coburn. He initiated the Green Team at KAI at the UKB: "We want to put more emphasis on sustainability in the clinical focus," he explains. "The study on propofol waste shows how we can reduce the environmental impact of our work without compromising the quality of patient care."

Funding: The study was funded by the Sustainability Commission of the Medical Faculty of the University of Bonn and by the Department of Anesthesiology and Operative Intensive Care Medicine at the University Hospital Bonn.
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Newly discovered cyanobacteria could help sequester carbon from oceans and factories | ScienceDaily
An international coalition of researchers from the United States and Italy has discovered a novel strain of cyanobacteria, or algae, isolated from volcanic ocean vents that is especially adept at growing rapidly in the presence of CO2 and readily sinks in water, making it a prime candidate for biologically-based carbon sequestration projects and bioproduction of valuable commodities. This strain, nicknamed "Chonkus," was found off the coast of the island of Vulcano in Sicily, Italy -- an environment in which marine CO2 is abundant due to shallow volcanic vents. The discovery is described in a paper published today in Applied Environmental Microbiology.


						
"Dissolved carbon is relatively dilute compared to all the other molecules in the ocean, and that limits the growth of photosynthetic organisms that live there. We decided to investigate what happens when you alleviate that limiting factor by going to a place with plenty of carbon, where some organisms could have evolved the ability to use it to galvanize their growth," said co-corresponding author Max Schubert, Ph.D., who was a staff scientist at the Wyss Institute at Harvard University when the work was conducted and is now Lead Project Scientist at Align to Innovate. "This naturally occurring strain of cyanobacteria has several traits that could be useful to humans, including highly dense growth and a natural tendency to sink in water, making Chonkus a particularly interesting organism for future work on decarbonization and biomanufacturing."

From the shallow sea to the lab bench

Schubert and fellow corresponding author Braden Tierney, Ph.D. first met as bench neighbors in the lab of Wyss Core Faculty member George Church, Ph.D. nine years ago, but didn't start collaborating until both were later working at Harvard Medical School (HMS) in 2016. Schubert, a microbiologist who was interested in building tools for directed evolution of bacteria and their genomes, submitted a proposal to the HMS Consortium for Space Genetics' 2019 Symposium on Climate Changeto bring this work to cyanobacteria. He won the top prize, which funded his early forays into applying his tools to cyanobacteria to investigate their potential to help fix and sequester carbon.

Meanwhile, Tierney, who was then a postdoc co-advised by Schubert's advisor Church, was sent a paper by a friend about shallow seeps -- areas on the ocean floor where gasses seep into the water but are shallow enough to receive sunlight -- and realized that there might be photosynthetic microbes living in those environments that had evolved to be adept at capturing dissolved CO2 from the water. He made connections with Marco Milazzo, Ph.D. and Paola Quatrini, Ph.D., both professors at the University of Palermo in Sicily, who were actively studying nearby, accessible shallow seeps. Tierney secured funding for a collecting expedition from SeedLabs, and reached out to Schubert for help understanding and working with the cyanobacteria that could be present in that environment.

Tierney and Schubert assembled a coalition that ultimately included scientists from the Wyss Institute, HMS, Weill Cornell Medical College, Colorado State University, University of Wisconsin-Madison, MIT, the National Renewable Energy Laboratory in Colorado, and multiple institutions in Palermo, Italy. The group launched a field expedition to the ocean off the coast of Vulcano where they donned SCUBA suits and collected water samples from a CO2-rich shallow seep. They then shipped tubes of the seawater across the Atlantic to Boston, where scientists led by Schubert isolated and characterized the microbes living in the samples.

One microbe's bug is a feature for humanity

To coax their target cyanobacteria to grow, the researchers replicated the conditions a fast-growing cyanobacteria would thrive in: warm temperatures, lots of light, and plenty of CO2. After isolation from enrichment cultures, two strains of fast-growing cyanobacteria were discovered: UTEX 3221 and UTEX 3222. The team chose to focus on UTEX 3222 due to its single-celled growth, which made it easier to compare to existing cyanobacteria strains.




UTEX 3222 produced larger colonies than other known fast-growing cyanobacteria strains, and its individual cells were larger as well -- thus the moniker Chonkus. It also grew to higher density than existing strains, appeared to harbor carbon-containing storage granules in its cells, and had a higher overall carbon content than other strains: all potentially valuable traits for applications like carbon sequestration and bioproduction. Most interestingly, Chonkus rapidly settled into a dense pellet resembling "green peanut butter" at the bottom of its sample tubes, while other strains remained suspended. This behavior is especially valuable for industrial processing, as concentrating and drying biomass currently accounts for 15-30% of production costs.

"Many of the traits that we observed in Chonkus aren't inherently useful in their natural environment, but are very useful to humans. Aquatic organisms naturally grow at very low density, but being able to grow to a high density at higher temperatures is very helpful in the industrial environments that we use to manufacture many goods and products, and can help sequester more carbon," said Tierney. "An incredible amount of microbial diversity exists out there in the world, and we believe it's more efficient to seek out the microbes that have already evolved to succeed in human-relevant environments rather than trying to engineer all of the traits we want into lab-grown E. coli bacteria."

The team is excited about the many applications that could be addressed with Chonkus or modified versions of the microbe. Many organizations are investigating the use of fast-growing organisms for carbon sequestration, and Chonkus could one day join their ranks. Several products are currently manufactured in algae, like omega-3 fatty acids, the antioxidant astaxanthin, and spirulina, and could be made more efficiently in a strain that grows quickly and densely. And the fact that cyanobacteria directly harvest carbon from their environment to grow means that they can couple the processes of carbon sequestration and biomanufacturing together in a single organism. Samples of UTEX 3222 and UTEX 3221 are cryopreserved and publicly available for other researchers to use from the Culture Collection of Algae at the University of Texas, Austin.

Inspired by the success of their first expedition, Tierney has since co-founded a non-profit organization with paper co-authors Krista Ryon and James Henriksen called The Two Frontiers Project, which aims to study how life thrives in extreme environments through next-generation scientific expeditions. The group has already completed subsequent expeditions to hot springs in Colorado, the Smoking Lands in the Tyrrhenian Sea, the coral reefs of the Red Sea, and others. The organization is focused on microbes that have uses for three major applications: carbon capture, CO2 upcycling for sustainable products, and coral ecosystem restoration.

"The traits inherent in the naturally evolved cyanobacteria strains described in this research have the potential to be used both in industry and the environment, including biomanufacturing of useful carbon-based products or sinking large volumes of carbon to the ocean floor. While further modifications could be made to enhance these microbes' abilities, harnessing billions of years of evolution is a significant leg up in humanity's urgent need to mitigate and reverse climate change," said Church, who is also the Robert Winthrop Professor of Genetics at HMS and a Professor of Health Sciences and Technology at Harvard and MIT. "But it's very important to 'build the seatbelts before you build the car' -- our lab also studies bio-containment approaches that help contain and control these kinds of experiments."

"The Wyss Institute was founded on the belief that Nature is the best source of innovation on the planet, and that emulating its principles is the key to driving positive impact. I'm proud of this team for getting out of the lab and seeking Nature's best ideas where they've already developed. This is a wonderful example of how our new Sustainable Futures Initiative is pursuing out-of-the-box approaches to confront climate change -- the biggest challenge of our generation," said Wyss Founding Director Don Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital and the Hansjorg Wyss Professor of Biologically Inspired Engineering at Harvard's John A. Paulson School of Engineering and Applied Sciences.

Additional authors of the paper include Tzu-Chieh Tang, Isabella Goodchild-Michelman, Krista Ryon, James Henriksen, Theodore Chavkin, Yanqi Wu, Teemu Miettinen, Stefanie Van Wychen, Lukas Dahlin, Davide Spatafora, Gabriele Turco, Michael Guarnieri, Scott Manalis, John Kowitz, Raja Dhir, Paola Quatrini, Christopher Mason, and Marco Milazzo.

This research was supported by the US Department of Energy (DOE) under grant no. DE-FG02-02ER63445 and by the National Science Foundation (NSF) award no. MCB-2037995, SEED Labs, the WorldQuant Foundation, the Scientific Computing Unit (SCU) at Weill Cornell Medical College, and the International CO2 Natural Analogues (ICONA) Network.
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Making 'scents' of aromas that differentiate beer and wine | ScienceDaily
Today, people increasingly seek non-alcoholic versions of beer or wine. Despite boasting different flavors, these two drinks share many aromas, which makes it difficult to produce alcohol-free versions that mimic the real thing. Researchers in ACS' Journal of Agricultural and Food Chemistry report on a literature analysis and experiment to characterize the chemical compounds that give beer and wine their unique fragrances. They say their findings could aid the development of flavorful, non-alcoholic substitutes.


						
Food and beverage researchers are working to recreate the enjoyable aromas and flavors of beer and wine in alcohol-free substitutes. However, because both beer and wine are fermented, they have similar fragrances, and little is known about which scents evoke the unique character of each drink. So, Xingije Wang, Stephanie Frank and Martin Steinhaus set out to identify the key ingredients that distinguish the aroma of beer from that of wine.

First the team conducted a literature review and identified the average proportions of 29 compounds from beer and 32 from wine that make up the drinks' aromas. The researchers used these proportions like recipes to concoct standard beverages that smelled like either beer or wine. From there, they tweaked these standards, swapping levels of select fragrances in the beer-like beverage to match those in the wine-like beverage, or vice versa, to test which ingredients influenced the perception of each drink. Trained taste-testers smelled each tweaked sample and evaluated it on a scale of beer-like to wine-like.

The researchers report that the taste-testers found that stronger fruity aromas made drinks smell more like wine. The team also swapped the entire profile of scented compounds from one standard into the opposite drink's base liquid. They discovered that the scented compounds, rather than the base liquid, made the biggest difference in beer- versus wine-like aroma to the testers. The researchers say their results could be used to develop drinks that better mimic beer or wine while meeting consumers' preferences for non-alcoholic options.

The authors acknowledge funding from the China Scholarship Council.
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Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging | ScienceDaily
Erebus Bay, Antarctica, is home to the southernmost population of the world's southernmost living mammal -- the Weddell seal. These seals may look like couch potatoes when they are resting on the ice, but Weddell seals go to great lengths to make a living in the harshest and most rapidly changing environments. Weddell seals are exceptional divers that can reach depths of more than 900 meters (2,952 feet) with some dives lasting 96 minutes -- well beyond their aerobic threshold.


						
New research from the Woods Hole Oceanographic Institution (WHOI) and partners sheds light on a novel dive foraging strategy, striking a fine balance when it comes to pushing their breath hold capacities and trying to maximize use of the seasonal Antarctic light.

According to the just published article in Communications Biology, the seals strategically conduct their deepest, longest, and most extreme dives earlier in the day, rather than during peak foraging times at midday.

Lead author Michelle Shero, an assistant scientist in Biology at WHOI, explained, "These extreme dives require longer recuperation times once the seals return to the surface. So, if the seals make extreme dives in the middle of the day when it is maximum light -- there may be lots of prey around that are easy to see, but the seals would still 'miss out' because they'd have to spend a lot of time recuperating. Not conducting extreme dives when prey is most accessible, may actually be the best strategy."

"We are seeing these animals through a whole year when it's daylight 24/7, a combination of daytime and nighttime, and then dark 24/7, providing a 'natural experiment' to better understand how the seals' feeding strategies change with a range of light conditions. During peak daylight hours, almost all animals including the seal's prey will descend deep into the water column to avoid predation. We expected that the seals would follow their food and that their deepest, longest dives might occur at midday when the sun is overhead. But what we surprisingly found was that the seals appeared to actually avoid making their most extreme dives during midday," said Shero, "allowing the seals to keep diving over and over without having to pause for long."

"This allows them to spend almost all of their time underwater, foraging under high-light conditions, which is best for visual hunters," continued Shero. "These animals are making very strategic decisions about when to make their long dives, so they can best interact with the daily changing environment in the Antarctic, allowing them to maximize their prey."

The researchers outfitted the seals with Conductivity Temperature Depth-Satellite Relay Dive Loggers, which collected a total of 8,913 seal days of behavioral data from 59 adult seals throughout the western Ross Sea in the Antarctic. The data helped shed light on the tradeoffs the seals make between the conservation of their oxygen stores and the energetic gains that could be realized with capturing prey.




"For me, one of the more surprising findings of this research was our discovery that Weddell seals 'plan' their activities in a much more nuanced way than I had previously appreciated," said journal article co-author Jennifer Burns, professor and chair of the Department of Biological Sciences at Texas Tech University, Lubbock. "Not only did the seals shift the average depth and duration of their dives in response to current light levels, but they also made their longest and most taxing dives at times when their recovery period was least likely to negatively impact overall foraging success. So not only were they planning when to forage, but it also seems that they were thinking ahead and planning when to rest."

"Although it may not be surprising that a visual predator would maximize foraging when daylight is most intense, scientifically showing Weddell seals are in tune with circadian rhythms/light levels while foraging is fascinating," said article co-author Kimberly Goetz, research fisheries biologist with the Marine Mammal Laboratory in Seattle, Washington. "Another important finding was that the circadian patterns were at odds with physiological constraints, in that exceedingly long dives did not overlap with optimal conditions for visual hunting presumably due to the time needed to recover afterward. Instead, animals likely opt to take full advantage of daylight by performing shallower dives that do not require as much recovery time before continuing to forage. The findings in this paper are likely applicable to other diving visual predators inhabiting marine environments with extreme variations in light levels throughout the year, including emperor penguins."

Article co-author Daniel Costa, distinguished professor of ecology and evolutionary biology at the University of California, Santa Cruz, noted, "Weddell seals live in one of the most hostile environments on the planet and need to keep their internal clock running during periods when the sun never sets or when the sun never rises. Our study found that they take great advantage of the periods of short-day length to make the longest dives that push their physiological ability to the extreme to do the most hunting when there is light to enable their search for food and or breathing holes in the ice.

Funding for this research was provided by the National Science Foundation (NSF) and the Every Page Foundation, with logistical support provided by NSF's U.S. Antarctic Program, Raytheon Polar Services, and Lockheed Martin ASC.
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Optimal standing positions and ventilation in airport smoking lounges | ScienceDaily
While many smoking rooms in U.S. airports have closed in recent years, they are still common in other airports around the world. These lounges can be ventilated, but how much does it actually help the dispersion of smoke?


						
Research published in Physics of Fluids, by AIP Publishing, shows that not all standing positions in airport smoking lounges are created equal.

Researchers from the University of Hormozgan in Iran studied nicotine particles in a simulated airport smoking room and found that the thermal environment and positioning of smokers influenced how particles settle in the room.

Additionally, smokers seated farther from ventilation inlets experienced the lowest levels of pollution in the room.

"We expected that people who are standing in the corners would report the same amount of particles settling on their body," author Younes Bakhshan said. "But according to the numbers that we determined, the wave created by the ventilation in the room is not the same every time."

The researchers created a smoking room using computational models and placed heated and unheated manikins in the room to simulate smokers. They also modeled the ventilation system with three exhaust air diffusers.

The manikin smokers "exhaled" cigarette smoke through their mouths and noses, and the flow of the particles was modeled and observed. They found that over time, as the concentration of particles decreases in the air, the particles settling on the smokers increases.




"According to the results, body heat causes more absorption of cigarette pollution," Bakhshan said. "We suggest that if people have to smoke in the room, empty places are the best to choose."

The results gave insight into improving ventilation in smoking lounges.

"According to previous research, displacement ventilation system is the best for a smoking room," Bakhshan said. "But if we want to optimize the HVAC system, we suggest that the exhaust should be installed on the wall in addition to the vents placed on the ceiling."

Next, the researchers want to take a step beyond measuring particle dispersion to particle reduction.

"We believe that smokers who go into the smoking room for the sake of others' health should be also protected from the harmful effects of secondhand smoke," Bakhshan said.
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Ancient gene influences immunity of First Nations Peoples of Oceania | ScienceDaily
An ancient gene mutation among First Nations inhabitants of Oceania may make them more susceptible to infectious diseases like influenza, according to a new study by scientists at the University of Colorado Anschutz Medical Campus.


						
"We found quite a diverse set of genes in this population but there was one allele that really stood out in terms of genetic composition," said the study's lead author Paul Norman, PhD, professor of biomedical informatics at the University of Colorado School of Medicine. "We did some investigating, and we suspect this allele to be of archaic human origin."

The study was published today in the journal Cell in collaboration with researchers from Australia, Papua New Guinea, Mexico and the United Kingdom.

The researchers traced the allele, a variant of a gene that arises from a mutation, to the `archaic people' or Denisovans who diverged from modern humans before eventually going extinct. Scientists believe the First Nations inhabitants of Australia, New Guinea, American Samoa, New Caledonia, the Solomon Islands and other parts of Oceania encountered and interbred with Denisovans after leaving Africa and traveling through Europe and Eurasia. That's where researchers believe they picked up the allele.

It's known as KIR3DLI*114 and the study said it is widespread and unique to Oceania as an allele derived from these archaic people. They suspect it may affect the body's immune response to infection, among factors accounting for the severity and poor outcomes of infectious diseases among First Nations peoples across Oceania.

"Likely following emigration out of Africa, present day First Nations Oceanians diverged from Eurasians," the study said. "Subsequent admixture with archaic humans introduced new genetic material, having major impact on genes of the immune system."

The scientists studied the immunogenic composition of this group and identified `a unique and divergent form of KIR3DL1' with characteristics of archaic human genetic sequences. Then they investigated the origin, distribution and functions of the allele to determine if it impacted the course of natural killer (NK) cell-driven immunity across Oceania.




Norman said the allele likely offered immuno-protection at some point but now may make First Nations peoples more susceptible to certain infectious diseases and other ailments.

"It must have had a protective quality once and we want to see what that is," he said.

The study found up to 30% of First Nations individuals in Oceania carry this allele or about five million people.

The implications are wide-ranging for innate and adaptive immunity, autoimmunity, cancer, immunotherapy and neurological disease. The study shows the direct impact of archaic genetics on First Nations peoples of Oceania.

"This is the first real demonstration of a really clear function of one of these archaic genes," Norman said. "The bigger picture is that we are using these methods to study these populations with the goal of addressing health disparities today and treating diseases across the populations."

Norman noted that this real-world study represents "our comprehensive collaboration with immunologists and infectious disease experts from the University of Melbourne Australia and Oxford, UK, structural biologists from Monash University, and indigenous health researchers from Charles Darwin and Queensland Universities in Australia. We are very grateful to all the participants for their contribution to this unique study."
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Fossil hunters strike gold with new species | ScienceDaily
Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York.


						
The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

Lomankus also happens to be bright gold -- thanks to layers of pyrite (fool's gold) that have crept into its remains.

And the gold color isn't just for show. The pyrite, located in a fossil-rich area near Rome, New York, known as "Beecher's Bed," helped to preserve the fossils by gradually taking the place of soft-tissue features of Lomankus before they decayed.

"These remarkable fossils show how rapid replacement of delicate anatomical features in pyrite before they decay, which is a signature feature of Beecher's Bed, preserves critical evidence of the evolution of life in the oceans 450 million years ago," said Derek Briggs, the G. Evelyn Hutchinson Professor of Earth and Planetary Sciences in Yale's Faculty of Arts and Sciences.

Briggs is co-author of a new study in Current Biology describing the new species. He is also a curator at the Yale Peabody Museum.

Briggs and his co-authors said Lomankus, which is part of an extinct group of arthropods called Megacheira, is evolutionarily significant in several ways.




Like other Megacheirans, Lomankus is an example of an arthropod with an adaptable head and specialized appendages (a scorpion's claws and a spider's fangs are other examples). In the case of Lomankus, its front appendages bear a trio of long, flexible, whip-like flagella -- which may have been used to perceive its surroundings and detect food.

"Arthropods typically have one or more pairs of legs at the front of their bodies that are modified for specialized functions like sensing the environment and capturing prey," said Luke Parry, a former Yale postdoctoral researcher who is now an associate professor at the University of Oxford, and co-corresponding author of the study. "These special legs make them very adaptable, somewhat like a biological Swiss army knife."

In addition, the Lomankus fossils indicate that Megacheirans continued to evolve and diversify longer than previously thought. Lomankus is one of the only known Megacheirans to have survived past the Cambrian Period (485 to 541 million years ago) and into the Ordovician Period (443 to 485 million years ago). Paleontologists believe Megacheirans were largely extinct by the beginning of the Ordovician Period.

The new Lomankus fossils also have several ties to Yale's paleontological efforts, going back more than a century.

The site where they were discovered, Beecher's Bed, is named for Charles Emerson Beecher, who was head of the Yale Peabody Museum from 1899 until 1904. Beecher published classic papers on the anatomy and relationships of trilobites (one of the earliest arthropod groups) from the site, and his material was studied and expanded upon by other scientists for generations.

Briggs was one of them. His first paper on Beecher's Bed fossils was published in 1991, and as curator of invertebrate paleontology at the Peabody in the early 2000s (and subsequently director of the museum), he arranged for Yale to lease the site for field studies until 2009.

Paleontologist Yu Liu of Yunnan University in China, co-corresponding author of the study, contacted Briggs about the new fossils from Beecher's Bed, which he had acquired from a Chinese fossil collector. Briggs then brought in Parry, his former postdoc, with whom he was already collaborating on research about similar fossils at the Peabody.

"The preservation is remarkable," Briggs said. "The density of the pyrite contrasts with that of the mudstone in which they were buried. Their details were extracted based on computed tomography [CT] scanning, which gave us 3D images of the fossils."

The new fossil specimens have been donated to the Peabody.
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AI algorithm accurately detects heart disease in dogs | ScienceDaily
Researchers have developed a machine learning algorithm to accurately detect heart murmurs in dogs, one of the main indicators of cardiac disease, which affects a large proportion of some smaller breeds such as King Charles Spaniels.


						
The research team, led by the University of Cambridge, adapted an algorithm originally designed for humans and found it could automatically detect and grade heart murmurs in dogs, based on audio recordings from digital stethoscopes. In tests, the algorithm detected heart murmurs with a sensitivity of 90%, a similar accuracy to expert cardiologists.

Heart murmurs are a key indicator of mitral valve disease, the most common heart condition in adult dogs. Roughly one in 30 dogs seen by a veterinarian has a heart murmur, although the prevalence is higher in small breed dogs and older dogs.

Since mitral valve disease and other heart conditions are so common in dogs, early detection is crucial as timely medication can extend their lives. The technology developed by the Cambridge team could offer an affordable and effective screening tool for primary care veterinarians, and improve quality of life for dogs. The results are reported in the Journal of Veterinary Internal Medicine.

"Heart disease in humans is a huge health issue, but in dogs it's an even bigger problem," said first author Dr Andrew McDonald from Cambridge's Department of Engineering. "Most smaller dog breeds will have heart disease when they get older, but obviously dogs can't communicate in the same way that humans can, so it's up to primary care vets to detect heart disease early enough so it can be treated."

Professor Anurag Agarwal, who led the research, is a specialist in acoustics and bioengineering. "As far as we're aware, there are no existing databases of heart sounds in dogs, which is why we started out with a database of heart sounds in humans," he said. "Mammalian hearts are fairly similar, and when things go wrong, they tend to go wrong in similar ways."

The researchers started with a database of heart sounds from about 1000 human patients and developed a machine learning algorithm to replicate whether a heart murmur had been detected by a cardiologist. They then adapted the algorithm so it could be used with heart sounds from dogs.




The researchers gathered data from almost 800 dogs who were undergoing routine heart examination at four veterinary specialist centres in the UK. All dogs received a full physical examination and heart scan (echocardiogram) by a cardiologist to grade any heart murmurs and identify cardiac disease, and heart sounds were recorded using an electronic stethoscope. By an order of magnitude, this is the largest dataset of dog heart sounds ever created.

"Mitral valve disease mainly affects smaller dogs, but to test and improve our algorithm, we wanted to get data from dogs of all shapes, sizes and ages," said co-author Professor Jose Novo Matos from Cambridge's Department of Veterinary Medicine, a specialist in small animal cardiology. "The more data we have to train it, the more useful our algorithm will be, both for vets and for dog owners."

The researchers fine-tuned the algorithm so it could both detect and grade heart murmurs based on the audio recordings, and differentiate between murmurs associated with mild disease and those reflecting advanced heart disease that required further treatment.

"Grading a heart murmur and determining whether the heart disease needs treatment requires a lot of experience, referral to a veterinary cardiologist, and expensive specialised heart scans," said Novo Matos. "We want to empower general practitioners to detect heart disease and assess its severity to help owners make the best decisions for their dogs."

Analysis of the algorithm's performance found it agreed with the cardiologist's assessment in over half of cases, and in 90% of cases, it was within a single grade of the cardiologist's assessment. The researchers say this is a promising result, as it is common for there to be significant variability in how different vets grade heart murmurs.

"The grade of heart murmur is a useful differentiator for determining next steps and treatments, and we've automated that process," said McDonald. "For vets and nurses without as much stethoscope skill, and even those who are incredibly skilled with a stethoscope, we believe this algorithm could be a highly valuable tool."

In humans with valve disease, the only treatment is surgery, but for dogs, effective medication is available. "Knowing when to medicate is so important, in order to give dogs the best quality of life possible for as long as possible," said Agarwal. "We want to empower vets to help make those decisions."

"So many people talk about AI as a threat to jobs, but for me, I see it as a tool that will make me a better cardiologist," said Novo Matos. "We can't perform heart scans on every dog in this country -- we just don't have enough time or specialists to screen every dog with a murmur. But tools like these could help vets and owners, so we can quickly identify those dogs who are most in need of treatment."

The research was supported in part by the Kennel Club Charitable Trust, the Medical Research Council, and Emmanuel College Cambridge.
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What animal societies can teach us about aging | ScienceDaily
Red deer may become less sociable as they grow old to reduce the risk of picking up diseases, while older house sparrows seem to have fewer social interactions as their peers die off, according to new research which shows humans are not the only animals to change our social behaviour as we age.


						
A collection of 16 studies, including six from the University of Leeds, have been published today as part of a special issue of the Philosophical Transactions of the Royal Society, investigating ageing and society across the natural world.

One study into red deer shows that as older female deer become less and less social with age, cutting down on competition and reducing their risk of parasite infection. The study used data from a long-running project tracking a wild herd on the Scottish island of Rum.

Dr Josh Firth from the University of Leeds' School of Biology, an editor of the Special Issue, said that while previous research has often considered the process of becoming less social with age, known as "social ageing," as potentially negative, these studies show changing habits could in fact bring benefits.

Dr Firth said: "These kinds of effects might be expected across societies, where individuals might avoid social interactions as they become more vulnerable to the costs of infection.

"Animal populations are a great way of considering the fundamental rules of how ageing may shape societies."

Like older humans who cut down their social interactions to avoid infections like Covid-19 -- "shielding" during the pandemic in 2020 and 2021 -- the less sociable older does are less likely to pick up certain parasite infections.




"Wild animals provide a good model system for considering the costs and benefits of changing social behaviour with age, and in this case may provide an example of ageing individuals reducing their social connections to avoid disease," Dr Firth added.

The special edition is an international collaboration and looks at how individuals of different species age, how this shapes their social interactions, and what this means for their societies.

Dr Greg Albery from Trinity College Dublin, a co-editor on the Special Issue, said: "Because ageing is a universal process, and all animals live in some sort of social context, the topics that we discuss in detail can have really far-ranging implications. The hope is that in understanding the diversity of ageing and sociality across lots of different species, we can shine a light on the processes governing our own society in a time when understanding ageing is particularly important."

Even the common garden bird the house sparrow changes its social behaviour as it ages, according to another paper in the collection. Co-author of this research, Dr Jamie Dunning said:

"Our study is one of the first to suggest that birds, like mammals, also reduce the size of their social network as they age. Specifically, the number of friendships, and how central a bird is to the wider social network, declined with age."

The results may be driven by existing friends of same cohort groups dying as they age, and because it takes more effort for older birds to make friendships with fewer same-age individuals available to bond with. Conversely, the benefits of social connections may be lower than they are for younger individuals, who may come to rely on those connections for things like reproduction or information later in life, Dr Dunning added.




The house sparrow study was led by Dr Julia Schroeder at Imperial College London, the academic lead of the long-term house sparrow study on the English island of Lundy. With no sparrows either arriving in the remote island population or leaving it, researchers can monitor the whole population from birth to death and everything in between in exceptional detail.?In future, Dr Schroeder said they are interested in investigating how and when individual friendships are formed.

The research collection shows that the social effects of ageing are a very general biological phenomenon, extending even to fruit flies.

The new Special Issue also considers the social lives of insects. Research leader Professor Amanda Bretman3 said: "In humans, a poor social environment can have the same level of impact as smoking or obesity on healthy ageing. We also know that the same is true for other animals, but most of the work is focussed on animals we think have complex societies like chimps or bees. We systematically reviewed evidence that even in insects we don't usually think of as having complex social lives, their social environment has some big impacts on their lifespan and ageing."

The studies reveal interesting patterns, she added, showing that sexes can respond differently, that the social environment during development or adulthood can have different impacts, and that the age of social partners is important.

The subjects Prof Bretman's team worked with, Drosophila fruit flies, were easy to manipulate in the laboratory meaning they could get a much more detailed and mechanistic understanding of why social ageing happens, which could eventually lead to new interventions to support healthy ageing in humans.

Animal systems are now widely considered as well placed for developing our fundamental understanding of ageing societies, Dr Firth added.
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Researchers' new outreach strategy succeeds, sets blueprint for detecting invasive species in Florida | ScienceDaily
Invasive species in Florida like Nile monitors and Argentine black-and-white tegus pose a growing threat to the Sunshine State's environment, economy and public safety. South Florida's warm climate, disturbed habitats and bustling pet trade have made it a hotspot for these non-native, cryptic reptiles. However, finding these elusive creatures has always been a challenge -- until now.


						
University of Florida researchers are showcasing how a focused outreach initiative in Palm Beach County has led to a successful increase in reports of invasive reptiles in Florida. The findings are documented in the latest study published in Scientific Reports and authored by researchers at UF/IFAS Fort Lauderdale Research and Education Center.

This initiative addresses the growing threat posed by non-native reptiles to the environment, economy and public health in South Florida.

"When species are rare and hard to find, it helps to get a lot of eyes looking for them. Targeted outreach does that," said Frank Mazzotti, professor of wildlife ecology and lead author of the study. "Community involvement not only proves to help us find invasive species but provides opportunities to increase awareness as well."

Targeted outreach involves delivering specific messages to audiences in designated locations to achieve desired outcomes. In this case, the goal was to encourage residents and workers in the C-51 Basin and surrounding areas in Palm Beach County to report sightings of large invasive lizards, such as Nile monitors, to the Florida Fish and Wildlife Conservation Commission (FWC) IVE-GOT1 hotline or through EDDMapS.

EDDMapS is a website that maps the distribution of non-native species in the United States and Canada through documented reporting provided by experts and the general public throughout those two countries.

From 2018 to 2020, the project's targeted outreach efforts reached over 112,000 people and households through various methods including in-person, online and virtual.




Subsequently, researchers engaged 53,657 people on social media, presented webinars to 229 individuals, sent email newsletters to 34,350 recipients, conducted an online survey with 520 participants and potentially reached up to 20,000 people through print media.

These efforts led to 55 reported sightings of Nile monitors and Argentine black and white tegus in Palm Beach County and the surrounding area, with 32 of these reports directly attributed to UF/IFAS' outreach.

The data gathered by the project showed that newspapers brought in the most reports, helping UF/IFAS researchers identify more invasive reptiles. In-person methods, such as door hangers and presentations allowed for face-to-face engagement, making residents feel more confident in reporting what they spotted. Social media proved to be a time-efficient way to spread the message far and wide, allowing even more people to become part of the effort.

"We learned valuable lessons regarding the effectiveness of different targeted outreach methods for detection of invasive wildlife," said Mazzotti. "Targeted outreach can be done by a broad community of environmental educators. These methods can be replicated in other locations with different target species, which could lead to an increase in local understanding of the status and range of invasive species in Florida, and ultimately improved management and monitoring programs."
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When is a heat wave just a heat wave, and when is it climate change? | ScienceDaily
When extreme weather events occur, can we tell if they're directly attributable to climate change? A new study used the 2023 heat wave in Texas and Louisiana as a test case for establishing processes that tease out whether particular weather events are climate related.


						
"Our main goal with this project is to be able to tell communities that are affected by extreme weather events whether they will continue to see more events like this in the future," says Carl Schreck, senior research scientist with North Carolina State University's North Carolina Institute for Climate Studies (NCICS). "Getting this information to them in a timely manner will help them make informed decisions about hardening infrastructure or rebuilding after a weather event."

Schreck and a team of scientists from NC State, the National Oceanic and Atmospheric Administration (NOAA), the University of Colorado, Boulder and Princeton University set out to establish a routine process for evaluating extreme weather events. 

The test case for the study was an extreme heat wave that occurred in Texas and Louisiana in 2023. The event was notable for its duration - it lasted almost the entire summer. Most heat wave measurement metrics are designed for events that last three to seven days.

"The other interesting piece of this event is that it occurred within the daytime warming hole," Schreck says. "The warming hole refers to an area in the central U.S. where temperatures have not warmed at the same rate that we see over most other places. This is because increased precipitation there has kept afternoon temperatures from warming."

The scientists used a two-step process to determine whether the heat wave was an anomaly or part of a new pattern. First, they took historical data from heat monitoring stations across the U.S. from the past 100 years to see how unusual 2023 was. Then they compared that data with the frequency of heat waves in both past and present predictive computer models.

Comparing those predictive models can indicate whether climate change is playing a role in the event.

"A similar drought wouldn't have been as hot 50 years ago," Schreck says. "That tells us the heat wave is directly related to climate change and that we will see even hotter heat waves in the future."

Now that these methods have been established, the researchers plan to use them to determine the role of climate change in future heat waves.

The work appears in Environmental Research: Climate and was supported by NOAA's Climate Program Office and the U.S. Department of Commerce. David Coates and John Uehling, research associates at NCICS, and NC State research professors Xiangdong Zhang and Kenneth Kunkel are co-authors. David R. Easterling and Russell S. Vose, NOAA/National Centers for Environmental Information; Joseph J. Barsugli, University of Colorado Boulder; Andrew Hoell, NOAA/Physical Science Laboratory; Nathaniel C. Johnson, NOAA/Geophysical Fluid Dynamics Laboratory; and Zachary M. Labe, Princeton University, are also co-authors.  
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RSV vaccines effective, but more people need to get them | ScienceDaily
Since their introduction last year, researchers have been monitoring the real-world impact of the new respiratory syncytial virus (RSV) vaccines. In a recent commentary in The Lancet, Angela Branche, MD, an infectious diseases researcher at the University of Rochester Medical Center (URMC), details what has been learned during the vaccine's first season.


						
"The evidence is clear; individuals should get vaccinated if they have conditions that place them at risk for severe disease. For older adults and those with chronic conditions, RSV should be considered as serious as the flu, and they should get vaccinated," said Branche.

RSV is a significant cause of severe respiratory illness among older adults, especially those with underlying health conditions. Worldwide, RSV causes millions of infections, hundreds of thousands of hospitalizations, and tens of thousands of deaths annually in adults aged 60 and older. In the US, adults over 65 experience high rates of RSV-related hospital visits, intensive care unit admissions, and deaths. Older people with RSV are at higher risk of severe illness compared to those with influenza or COVID.

Vaccines Protect Against Severe Symptoms and Keep People Out of the Hospital

In 2023, the FDA approved three RSV vaccines for older adults. Studies have shown these vaccines to be effective, with the Pfizer, GSK, and Moderna vaccines preventing RSV pneumonia and bronchitis in more than 80 percent of participants.

A recent study published in The Lancet assessed the effectiveness of RSV vaccines using data from a large electronic health record network involving the Centers for Disease Control and Prevention (CDC) and multiple US healthcare systems. The study found that RSV vaccines were 80 percent effective in preventing hospitalization, ICU admission, and death among adults aged 60 and older. Vaccine effectiveness was consistent across age groups, including those 75 and older, and among immunocompromised individuals. The study did not find evidence of waning vaccine protection within the season.

However, the uptake of the RSV vaccine in the 2023-2024 winter season was low. An estimated 24 percent of US adults aged 60 years and older received the vaccine, compared to influenza vaccination rates, which approach 50 percent each year for the same group. "Providers were not sure how to apply the shared clinical decision-making recommendations in the first season, and there remains a general lack of knowledge among the medical community and the public on what constitutes a risk for severe disease and who needs to be protected," said Branche.




Boosting Rates and Better Vaccines

Based on these findings, the US Advisory Committee on Immunization Practices (ACIP), a group of medical and public health experts that advises the CDC, updated guidelines in June 2024 to recommend RSV vaccination for all adults aged 75 and older, those 60 and older in long-term care facilities or with chronic and high-risk health conditions.

"This new data enabled the ACIP to make more definitive recommendations, which will build public confidence in the effectiveness of these vaccines and make implementation a lot easier for providers and pharmacies," said Branche.

New research shows that vaccines that target multiple strains of the RSV virus, called bivalent vaccines, may provide longer protection. URMC infectious disease experts Edward Walsh, MD, and Ann Falsey, MD, helped lead an international study of a bivalent RSV vaccine developed by Pfizer, the results of which were recently detailed in the New England Journal of Medicine. The vaccine effectively prevented severe RSV-related lower respiratory tract illnesses over two RSV seasons, with an overall efficacy of more than 80 percent. The experimental vaccine was particularly effective in individuals aged 60-79.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028164428.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists can reverse brain aging in fruit flies by preventing buildup of a common protein | ScienceDaily
Humans aren't the only ones who grow forgetful as they age -- fruit flies do, too. But because fruit flies have a lifespan of only about two months, they can be a useful model for understanding the cognitive decline that comes with aging.


						
A new study published in Nature Communications shows that when a common cell structural protein called filamentous actin, or F-actin, builds up in the brain, it inhibits a key process that removes unnecessary or dysfunctional components within cells, including DNA, lipids, proteins and organelles. The resulting accumulation of waste diminishes neuronal functions and contributes to cognitive decline. By tweaking a few specific genes in aging fruit flies' neurons, the researchers prevented F-actin buildup, maintained cellular recycling and extended the healthy lifespan of fruit flies by approximately 30%.

Actin, a family of proteins that help give cells their shape, are abundant throughout the body. F-actin forms filaments that are essential for maintaining cell structure and many other functions. The researchers, led by former postdoctoral scholar Edward (Ted) Schmid in David Walker's lab, noticed F-actin buildup in the brains of aging fruit flies and wondered if it contributed to brain aging and overall loss of organismal health.

Their first clue of a correlation: Flies on a restricted diet both lived longer and had less F-actin buildup in their brains. Their second clue: When treated with a drug known to extend lifespan, called rapamycin, there was also less F-actin in the brains of aged flies.

"But that's correlation, not a direct demonstration that F-actin is detrimental to aging of the brain," said Walker, senior author and UCLA professor of integrative biology and physiology. "To get at causality, we turned to genetics."

Because the fruit fly genome is thoroughly mapped and understood, the group was able to target in aging fruit flies genes that are known to play important roles in the accumulation of actin filaments. That included a gene called Fhos, a member of a family of proteins known to elongate and organize actin filaments.

"When we reduced Fhos expression in aging neurons, it prevented the accumulation of F-actin in the brain," said Schmid, now an investigator at the Arkansas Biosciences Institute and assistant professor at Arkansas State University. "This really allowed us to expand our study because now, we had a direct way to target F-actin accumulation in the brain and study how it affects the aging process."

Even though the genetic intervention was targeted to just neurons, it improved the flies' overall health. They lived 25-30% longer, while showing signs of improved brain function as well as markers of improved health in other organ systems. Preventing F-actin accumulation protected cognitive function, which shows the buildup is driving age-onset cognitive decline.




"Flies get more forgetful as they age, and their ability to learn and remember declines in middle age, just like it does in people," Walker said. "If we prevent accumulation of F-actin, it helps the flies learn and remember when older -- which tells us the buildup is not benign."

Further investigation showed the F-actin was interfering with the body's "cellular garbage disposal system." Damaged or superfluous proteins and other components inside a cell are broken down in a process called "autophagy." Aging research has established that autophagy pathways become less active with age, but no one knew exactly why.

The new study shows that preventing F-actin accumulation led to much more active autophagy in the brains of aged fruit flies. The authors found that if they removed F-actin but also disabled autophagy, it did not slow aging: The primary mechanism by which F-actin drives brain aging appears to be by impairing autophagy. The researchers also showed that disrupting F-actin in aged brains can restore brain autophagy to youthful levels and reverse certain cellular makers of brain aging.

These findings may be good news for the elderly fruit flies with reduced F-actin in their brains. But it has not yet been demonstrated in humans, and developing interventions to prevent F-actin accumulation might prove more challenging. Still, the discovery directs researchers in a fruitful new direction for healthier aging in people.

"Most of us in the aging field are focused on moving beyond lifespan into what we call the healthspan," said Walker. "We want to help people enjoy good health and a high quality of life while extending the lifespan. Our study improved cognitive and gut function, activity level, and overall healthspan of fruit flies -- and offers hope for what we might be able to achieve in humans."

The research was funded by the National Institutes of Health's National Institute on Aging.
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Companies and investors can now get smarter when it comes to nature | ScienceDaily
Global economic development, while providing many benefits to people worldwide, has largely been at the expense of nature. Yet increasingly, governments, financial institutions, and companies are recognizing that this paradigm undermines the long-term viability of the global economy. This month, these sectors and others are coming together at the United Nations Conference on Biodiversity (COP16) in Colombia to address the nature crisis, which is becoming widely understood as comparable to and intersecting with climate change.


						
As part of the increasing shift to address the decline of nature and its implications for humanity (e.g., loss of pollinators, natural flood control, carbon storage, clean and available water) there have been recent efforts, such as the Task Force on Nature-Related Financial Disclosures and the Science-Based Targets Network, to support tracking and reporting of the private sector's nature-related impacts and dependencies (in other words, how companies not only impact nature, but depend on it).

A tool co-developed by the Stanford University-based Natural Capital Project (NatCap) and the Morgan Stanley Institute for Sustainable Investing assesses nature-related risks and opportunities from companies' physical assets. In a new paper published in Communications Earth & Environment, the team demonstrates this approach for eight metrics of biodiversity and ecosystem services (the benefits ecosystems provide to people), and applies it to a set of over 2000 global, publicly traded companies with 580,000 mapped physical assets.

The ecosystem services footprinting tool can provide corporate ESG (environmental, social and governance) metrics focused on impacts to nature, with greater transparency and potential for external verification than many other ESG approaches.

"This kind of information can help investors, companies, and others evaluate and act on corporate impacts on nature. We hope it can open up paths for more sustainable business decisions, such as avoiding sites with the greatest negative impacts to nature and people, or capitalizing on demand for more sustainable investments and managing risks from impacts to nature, such as the loss of social license to operate," said Lisa Mandle, lead scientist and director of science-software integration at NatCap.

Other key takeaways
    	Companies in the utility, real estate, materials, and financial sectors have the largest impacts on average, although there is substantial variation within all sectors.
    	As an example of the approach, the team applied it to a set of lithium mines, which are key to the renewable energy transition. Using satellite imagery, they looked at their footprint -- how much space they are taking up -- and the geography of where they are located, to assess its consequences for specific benefits nature provides to people. This can help determine where this resource could be obtained most efficiently for the lowest environmental -- and human -- impact.
    	The team found that just focusing on corporations' biodiversity impacts is not representative of impacts to broader ecosystem services, like water quality or coastal flood risk reduction. The results emphasize the importance of using high-spatial-resolution information and understanding both ecosystem services and biodiversity values in order to accurately assess corporate impacts on nature. Framing nature-related impacts in terms of ecosystem services illuminates what changes in ecosystems and biodiversity can mean for companies, the economy, and society, and is often more material to companies than measures of biodiversity impact.
    	This approach could advance ESG measures towards more comprehensively assessing the societal importance of companies' environmental impacts, rather than only environmental risk to companies.

"We hope this open-source tool will help expand access to natural capital analytics, better connect finance and financial valuations to nature, and support the market through increased innovation," said Matthew Slovik, managing director and head of global sustainable finance at Morgan Stanley.
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Bird wings inspire new approach to flight safety | ScienceDaily
Taking inspiration from bird feathers, Princeton engineers have found that adding rows of flaps to a remote-controlled aircraft's wings improves flight performance and helps prevent stalling, a condition that can jeopardize a plane's ability to stay aloft.


						
"These flaps can both help the plane avoid stall and make it easier to regain control when stall does occur," said Aimy Wissa, assistant professor of mechanical and aerospace engineering and principal investigator of the study, published in the Proceedings of the National Academy of Sciences.

The flaps mimic a group of feathers, called covert feathers, that deploy when birds perform certain aerial maneuvers, such as landing or flying in a gust. Biologists have observed when and how these feathers deploy, but no studies have quantified the aerodynamic role of covert feathers during bird flight. Engineering studies have investigated covert-inspired flaps for improving engineered wing performance, but have mostly neglected that birds have multiple rows of covert feathers. The Princeton team has advanced the technology by demonstrating how sets of flaps work together and exploring the complex physics that governs the interaction.

Girguis Sedky, postdoctoral researcher and the paper's lead author, called the technique "an easy and cost-effective way to drastically improve flight performance without additional power requirements."

The covert flaps deploy or flip up in response to changes in airflow, requiring no external control mechanisms. They offer an inexpensive and lightweight method to increase flight performance without complex machinery. "They're essentially just flexible flaps that, when designed and placed properly, can greatly improve a plane's performance and stability," Wissa said.

A wing's teardrop form forces air to flow quickly over its top, creating a low-pressure area that pulls the plane up. At the same time, air pushes against the bottom of the wing, adding upward pressure. Designers call the combination of this pull and push "lift." Changes in flight conditions or a drop in an aircraft's speed can result in stall, rapidly reducing lift.

Wissa's team designed a series of experiments in the wind tunnel at Princeton's Forrestal Campus to understand how flaps mimicking the feathers would affect flight performance, especially near stall, which usually happens when the plane is at a steep angle, when covert feathers were observed to deploy. The tunnel allowed the team to examine the way different flap arrangements affected variables like air pressure around the wings, wind speed over the wing and vortices that impact performance.




The team attached the covert-inspired flaps to a 3D-printed model airplane wing and mounted it in the wind tunnel, a 30-foot-tall metal contraption that simulates and measures air flow. "The wind tunnel experiments give us really precise measurements for how air interacts with the wing and the flaps, and we can see what's actually happening in terms of physics," Sedky said.

The wind tunnel is equipped with sensors that read the forces felt by the wing, as well as a laser and high-speed camera that measure precisely how air is moving around the wing.

The study uncovered the physics by which the flaps improved lift and identified two ways that the flaps control air moving around the wing. One of these control mechanisms had not been previously identified. The researchers uncovered the new mechanism, called shear layer interaction, when they were testing the effect of a single flap near the front of the wing. They found that the other mechanism is only effective when the flap is at the back of the wing.

The researchers tested configurations with a single flap and with multiple flaps ranging from two rows to five rows. They found that the five-row configuration improved lift by 45%, reduced drag by 30% and enhanced the overall wing stability.

"The discovery of this new mechanism unlocked a secret behind why birds have these feathers near the front of the wings and how we can use these flaps for aircraft," Wissa said. "Especially because we found that the more flaps you add to the front of the wing, the higher the performance benefit."

Following the results of the wind tunnel experiments, the team moved outside the lab and into the field to test the covert-inspired flaps on a scaled model aircraft. Princeton's Forrestal Campus was once an airport and still features an operational helipad. So, the researchers teamed up with Nathaniel Simon, graduate student in mechanical and aerospace engineering who researches drone flight, and demonstrated the technology in real-world conditions by equipping a radio-controlled (RC) airplane with covert-inspired flaps.

The researchers worked with members of the Somerset RC model aircraft club to select a model plane. The researchers then modified the airplane body to outfit it with an onboard flight computer, and Simon drew on his experience piloting drones to fly it. They programmed the flight computer to stall the aircraft autonomously and repeatedly. Simon said it was amazing to see the flaps deploy in-flight and to see that they helped delay and reduce stall intensity, just as they did in the wind tunnel. "It's cool to be able to collaborate in the shared space at the Forrestal campus, and to see how many areas of research this project touched," he said.

Sedky said that in addition to improving flight, their findings could be extended to other applications where modifying the surrounding fluid would benefit performance. "What we discovered about how coverts alter the airflow around the wing can be applied to other fluids and other bodies, making them applicable to cars, underwater vehicles, and even wind turbines," he said.

Wissa said that this study could open the door to collaborations with biologists to learn more about the role of covert feathers in bird flight, and that the results of this study will help form new hypotheses that can be tested on birds. "That's the power of bioinspired design," she said. "The ability to transfer things from biology to engineering to improve our mechanical systems, but also use our engineering tools to answer questions about biology."
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Climate, dead zones and fish: Solving a 'wicked problem' in Lake Erie and beyond | ScienceDaily
There's a famous piece of advice from hockey, attributed to Wayne Gretzky, about how it's better to skate to where the puck is headed rather than where it is.


						
Research is now showing that regulations designed to protect Lake Erie's water quality are heeding the Great One's words when it comes to safeguarding the Great Lake's fisheries.

Specifically, the currently recommended limits on the flow of nutrients into Lake Erie from agriculture may be too restrictive for some species of fish. They are, however, suited to maintain healthy fisheries until the middle of this century amid a warming climate, according to a new study led by the University of Michigan.

"Hitting the target for the future is the right thing to do now," said Don Scavia, professor emeritus at U-M's School for Environment and Sustainability. "Even though the proposed limits are too much for now, I don't think they should be relaxed because it takes a decade or longer to affect change."

This is but one takeaway from the study led by Scavia with collaborators from across the United States and in Asia.

In the project, the team linked forward-looking climate projections and nearly a century of fishery data with a mathematical model of Lake Erie's nutrient load and a water quality indicator -- namely, the oxygen available in the lake's depths.

With all these factors considered, the researchers showed that the relationships aren't as straightforward as the casual observer might expect. For example, while cutting back on nutrients does improve water quality, that doesn't necessarily benefit all fish.




"There are tradeoffs," Scavia said.

And, moving forward, warming temperatures -- rather than nutrient load -- will become the dominant influence over the oxygen in Lake Erie and similar ecosystems around the world.

Taken altogether, this means that there's no simple solution to managing these ecosystems. And the solutions rolled out today will need to be continuously evaluated and reassessed in the future. In the land management world, this is what's called a "wicked problem."

Fortunately, the team's study provides key insights on how to approach those.

It's complicated

The nutrients in fertilizers that farmers use to feed plants also feed aquatic microorganisms like algae and cyanobacteria. Nutrient-rich runoff water from fields helps fuel the infamous algal blooms in Lake Erie -- as well as, for example, in the northern Gulf of Mexico and Chesapeake Bay.




When the algae and cyanobacteria in those blooms die, they sink to the bottom of the water and decompose, consuming enough oxygen in the process to render the water hypoxic. Even underwater, oxygen is essential for life and so hypoxic bottom water regions are often referred to as "dead zones."

Hypoxia is bad news for lake whitefish that prefer the cold bottom water of Lake Erie, said Stuart Ludsin, a professor in the Aquatic Ecology Laboratory at Ohio State University.

But, while the cyanobacteria in algal blooms thrive in fertile, nutrient-rich waters, so too do the plankton that feed the lake's larger fish. And not all of those fish live at depths where hypoxia is a problem. Yellow perch, for instance, actually benefit from water that's richer in nutrients, Ludsin said.

At present, the level of nutrient inputs is beneficial to yellow perch and walleye but limiting bottom habitat for whitefish. Finding the right balance between fishery and water quality considerations is a delicate and ever-moving target, Ludsin said, complicated by the fact that the lake's microbes proliferate faster in warmer temperatures.

"I don't want to see my research being used to say we should pollute to keep the fisheries highly productive," Ludsin said. "If there's no effort to curtail this hypoxia and water quality problem, with continued climate change, the lake will not be able to support vital fish."

The real message, he said, is more nuanced.

"We should try to find the right level of nutrients that will support our water quality goals while supporting the lake's suite of fisheries," Ludsin said.

And what "right" is should be determined by a water system's managers and stakeholders coming together, said Anna Michalak, founding director of Carnegie Science's Climate and Resilience Hub.

By bringing data and tools like the team's model into those discussions, all parties can understand how the best choices for, say, water quality may come at a cost to fisheries, and vice versa.

"The number one takeaway is the importance of approaching these management issues with systems-level thinking. What I mean by that is that there are always going to be tradeoffs depending on what your specific objectives are," said Michalak, who has been collaborating with Scavia for more than a decade studying Lake Erie and other aquatic ecosystems.

"We can't be playing whack-a-mole when it comes to environmental systems. It's only by thinking about them holistically that we can come up with solutions that work."

Although the data and decisions will look different for different ecosystems, this approach is generalizable, the team said.

"I think that this study provides a template and prior knowledge that can be applied to other systems," said Dan Obenour, associate professor of environmental engineering at North Carolina State University. Obenour earned his doctorate at the University of Michigan under the mentorship of Scavia and Michalak.

The study also highlighted that the team's climate-hypoxia model is robust and reliable over long time periods. Combined with the fact that it was designed to be "embarrassingly simple," Michalak said, the model is equipped to be an asset in informing best practices into the future.

"This is a wicked problem," Obenour said. "It's challenging to determine what the best management solution is and, even if you reach a consensus, it's going to change in the future. We need to stay on our toes."

Also contributing to the project were researchers from Heidelberg University in Ohio, Shanghai Jiao Tong University and the Chinese Academy of Sciences.
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Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism | ScienceDaily
201.6 million years ago, one of the Earth's five great mass extinctions took place, when three-quarters of all living species suddenly disappeared. The wipeout coincided with massive volcanic eruptions that split apart Pangaea, a giant continent then comprising almost all the planet's land. Millions of cubic miles of lava erupted over some 600,000 years, separating what are now the Americas, Europe and North Africa. It marked the end of the Triassic period and the beginning of the Jurassic, the period when dinosaurs arose to take the place of Triassic creatures and dominate the planet.


						
The exact mechanisms of the End Triassic Extinction have long been debated, but most prominent: Carbon dioxide surfaced by the eruptions built up over many millennia, raising temperatures to unsustainable levels for many creatures, and acidifying the oceans. But a new study says the opposite: cold, not warmth was the main culprit. The study presents evidence that instead of stretching over hundreds of thousands of years, the first pulses of lava that ended the Triassic were stupendous events lasting less than a century each. In this condensed time frame, sunlight-reflecting sulfate particles were spewed into the atmosphere, cooling the planet and freezing many of its inhabitants. Gradually rising temperatures in an environment that was hot to begin with -- atmospheric carbon dioxide in the late Triassic was already three times today's level -- may have finished the job later on, but it was volcanic winters that did the most damage, say the researchers.

"Carbon dioxide and sulfates act not just in opposite ways, but opposite time frames," said lead author Dennis Kent of the Columbia Climate School's Lamont-Doherty Earth Observatory. "It takes a long time for carbon dioxide to build up and heat things, but the effect of sulfates is pretty much instant. It brings us into the realm of what humans can grasp. These events happened in the span of a lifetime."

The study was just published in the journal Proceedings of the National Academy of Sciences.

The Triassic-Jurassic extinction has long been thought tied to the eruption of the so-called Central Atlantic Magmatic Province, or CAMP. In a groundbreaking 2013 study, Kent and colleagues provided perhaps the most definitive link. Kent, who studies paleomagnetism, identified a consistent polarity reversal in sediments just below the initial CAMP eruptions, which showed they all happened at the same time across what are now widespread parts of the world. Colleagues then used radioactive isotopes to date the start of volcanism to 201,564,000 years ago, give or take a few tens of thousands of years. Scientists were unable to say how big the initial eruptions were, but it was assumed by many that the massive CAMP deposits must have taken many millennia to build up.

In the new study, Kent and colleagues correlated data from CAMP deposits in the mountains of Morocco, along Nova Scotia's Bay of Fundy, and New Jersey's Newark Basin. Their key evidence: the alignments of magnetic particles in the rocks that recorded the past drifting of Earth's magnetic pole at the time of the eruptions. Due to a complex set of processes, this pole is offset from the planet's unchanging axis of rotation -- true north -- and to boot, changes position by a few tenths of a degree each year. (The reason that compasses do not point exactly north.) Because of this phenomenon, magnetic particles in lavas that were emplaced within a few decades of each other will all point in the same direction, while ones emplaced, say, thousands of years later will point 20 or 30 degrees in a different direction.

What the researchers found was five successive initial CAMP lava pulses spread over about 40,000 years -- each with the magnetic particles aligned in a single direction, indicating the lava pulse had emerged in less than 100 years, before drift of the magnetic pole could manifest itself. They say that these huge eruptions released so many sulfates so quickly that the sun was largely blocked out, causing temperatures to plunge. Unlike carbon dioxide, which hangs around for centuries, volcanic sulfate aerosols tend to rain out of the atmosphere within years, so resulting cold spells don't last very long. But due to the rapidity and size of the eruptions, these volcanic winters were devastating. The researchers compared the CAMP series to sulfates from the 1783 eruption of Iceland's Laki volcano, which caused widespread crop failures; just the initial CAMP pulses were hundreds of times greater, they say.

In sediments just below the CAMP layers lie Triassic-era fossils: large terrestrial and semiaquatic relatives of crocodiles, strange tree lizards, giant, flat-headed amphibians, and many tropical plants. Then they disappear with the CAMP eruptions. Small feathered dinosaurs had been around for tens of millions of years before this, and survived, eventually to thrive and get much larger, along with turtles, true lizards, and mammals, possibly because they were small and could survive in burrows.

"The magnitude of the environmental effects are related to how concentrated the events are," said study coauthor Paul Olsen, a paleontologist at Lamont-Doherty. "Small events spread out over [tens of thousands of years] produce much less of an effect than the same total volume of volcanism concentrated in less than a century. The overarching implication being that the CAMP lavas represent extraordinarily concentrated events."

The study was coauthored by Huapei Wang of China University of Geosciences, Morgan Schaller of Rensselaer Polytechnic Institute and Mohammed Et-Touhami of Morocco's Universite Mohamed Premier.
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Green growth: 30% of regions worldwide achieve economic growth while reducing carbon emissions | ScienceDaily
More and more regions around the globe combine economic growth with reducing carbon emissions, researchers from the Potsdam Institute for Climate Impact Research found. Their new study highlights the vital role of national climate actions in decoupling economic growth from CO2 emissions. The analysis of data from 1,500 regions over the past 30 years showed that 30 percent have managed to lower their carbon emissions while continuing to thrive economically. While this accelerating trend marks significant progress towards achieving the Paris Climate Agreement, the authors caution that the current pace of decoupling is insufficient to meet the global climate target of net-zero carbon emissions by 2050.


						
"We found that 30 percent of the regions with available data have fully decoupled carbon emissions from economic growth. Regions with high incomes and a history of carbon-intensive industries, as well as those with significant shares of service and manufacturing sectors were particularly successful in reducing carbon emissions while still experiencing economic growth," says Anders Levermann, co-author and head of the research department "Complexity Science" at PIK. "A stabilization of the global mean temperature is only possible with net-zero carbon emissions. That means that if economies want to grow they need to be decoupled from CO2 emissions."

The success of decoupling is also driven by subnational climate action: "Specifically, EU cities that have implemented climate mitigation plans and regions that have received increased financial support for climate actions tend to show higher rates of decoupling," explains Maria Zioga, PIK scientist and lead author of the study. "Notably, Europe consistently outperforms other parts of the world, with many of its regions showing a continuous decoupling trend over the past 20 years. In contrast, North America and Asia have seen more fluctuating decoupling patterns over the decades, but there's been an improvement trend in the last decade," she adds.

Less than half of the regions will be able to achieve net-zero by 2050

While previous studies on carbon decoupling have primarily concentrated on nations or individual cities, researchers at PIK have taken a more granular approach while retaining a global scope. They analysed the economic outputs of 1,500 subnational regions where the observed per capita gross regional product (GRP) was increasing, accounting for 85% of global emissions. By combining these data with gridded information on production-based carbon emission intensities over the past 30 years, they uncovered significant global patterns of decoupling. A lack of global data on consumption-based emissions at the subnational level means that the study does not reflect the impact of international trade, but nevertheless provides key insights into decoupling patterns across the world.

The researchers also estimated the year in which net-zero emissions could be achieved for each region by looking at past decoupling trends and their impact on emissions. "Developed countries appear likely to fulfil these targets ahead of others, but overall recent trends appear inadequate for achieving the net-zero by mid-century in most regions," concludes co-author Max Kotz PIK guest researcher and PIK scientist at the time the study was conducted. "If current decoupling rates continue, less than half of subnational regions will be able to achieve net-zero carbon emissions by 2050. Therefore, all levels of government need to step up and developed countries in particular should increase their efforts and investment in the energy transition in the countries of the global south in order to meet net-zero targets globally," he stresses.
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Invasive plants drive homogenization of soil microbial communities across U.S. | ScienceDaily
Invasive plants are doing more than just taking over landscapes -- they're also changing the soil beneath them. A new study co-authored by Matthew McCary, assistant professor of biosciences at Rice University, reveals that these species are reshaping soil microbial communities across the U.S., making them more uniform and altering how ecosystems function. The findings, published in  Proceedings of the National Academy of Sciences on Oct. 24, shed light on the far-reaching impacts of invasive plants, which extend beyond what we see above ground.


						
The research, based on data from 377 plots nationwide, shows that invasive plants with fast-growing root systems outcompete native species and disrupt the natural balance of soil microbes. This process known as biotic homogenization leads to less diverse ecosystems as ecological communities become more similar over time. The study highlights a critical yet often overlooked aspect of plant invasions: their profound belowground effects on soil health and biodiversity, said McCary, who co-authored the study with Gabriela Nunez-Mir, an assistant professor of biological sciences at the University of Illinois Chicago.

"Invasive plants can fundamentally alter the soil beneath them," McCary said. "In areas with high levels of invasion, we observed a striking similarity in soil microbial communities across different ecosystems and geographical regions, which was not the case in areas dominated by native plants."

The researchers found that the root traits of invasive plants demonstrated twice as much variation in microbial composition as those of native plants. Invasive species' root systems appear to grow more rapidly, competing with native flora and soil microbes for nutrients and contributing to the widespread uniformity of microbial communities.

The study also pointed to the critical role of specific root traits such as lower carbon-to-nitrogen (C) ratios and higher specific root lengths in driving these changes. The fast root growth of invaders affects nutrient cycling and organic matter availability, further amplifying their influence on the soil ecosystem.

The researchers used National Science Foundation-sponsored data from the National Ecological Observatory Network, which collected soil samples and root-trait data from a range of ecosystems across the U.S. They also accounted for other factors such as soil properties and the C ratios, which play a role in explaining microbial variation. Invasive plants with low C ratios, associated with fast root growth and nutrient uptake, were particularly effective at altering the microbial communities in the soil.

McCary emphasized that managing invasive species should include accounting for their belowground effects, which are just as transformative as their aboveground impacts. "Understanding how invasive plants affect soil microbes is essential for restoring ecosystems," he said.

Although the study has limitations, including using phospholipid fatty acid analysis to characterize microbial communities and phylogenetic imputation to fill in missing plant-trait data, the findings remain robust and help validate the need for further research at finer taxonomic resolutions, McCary said.

"The implications of this research are broad as soil microbial communities play a crucial role in nutrient cycling, plant growth and ecosystem stability," he said.
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Giant clam declared critically endangered after the latest assessment | ScienceDaily
The giant clam, known for its colorful cape-like mantle, wavy shell and astonishing size, is in danger of going extinct after its population plunged by more than 80% over the last century, according to a new assessment by a University of Colorado Boulder biologist and collaborators.


						
The assessment, led by Ruiqi Li, a postdoctoral researcher at the CU Museum of Natural History, prompted the International Union for Conservation of Nature (IUCN) today to update the conservation status of this animal from "vulnerable" to "critically endangered," the highest level before a species becomes extinct in the wild. It also adjusted the statuses of 11 other related species, all from the group of animals known as giant clams.

Overfishing and climate change are the major threats endangering these marine invertebrates, Li said.

"Along with coral reefs, these clams provide important habitats for other creatures living in the reefs," Li said. "They are also important nutrient producers in shallow ocean water, which is generally deprived of food. If the giant clam becomes extinct, it will have significant ecological impacts on tropical oceans."

The IUCN announcement comes as representatives from 175 countries meet in Colombia for the 2024 United Nations Biodiversity Conference (COP16). Countries are discussing ways to stop what is known as the "sixth mass extinction," a rapid decline in biodiversity due to human activity. The fifth mass extinction, 66 million years ago, wiped out the dinosaurs. The World Wildlife Fund estimated this month that global marine wildlife has declined by 56% since 1970.

The giant clam, or Tridacna gigas, is the best-known species of giant clams. It is the world's largest marine bivalve mollusk, a group of invertebrate animals with two-part shells. It can grow up to 4.5 feet in length and weigh more than 700 pounds. These clams live in the shallow water of the tropical Indo-Pacific Ocean, off the coasts of Malaysia, Australia and Fiji.

Scientists are unsure how T. gigas grow so big. Similar to corals, these massive clams live in a mutually beneficial relationship with algae inside their bodies. While T. gigas provide shelter for the algae, the algae produce additional nutrients that help feed the clams.




The last time scientists assessed the T. gigas population was in 1996, when the IUCN listed the species as "vulnerable" on its Red List of Threatened Species, the global reference for assessing extinction risks for wildlife. The previous Red List version also failed to include many other giant clam species due to a lack of research.

"This is a major issue in the conservation world. People, even scientists, tend to pay more attention to mammals and birds, because they are big, cute and familiar. So there's a good chance you can find these animals on the Red List. But marine invertebrates are very neglected," Li said.

Working with the Senckenberg Natural History Museum in Germany, Li and his collaborator, Neo Mei Lin from the National University of Singapore, collected data from previous research and biodiversity databases on all 12 giant clam species for a reassessment.

The team found that T. gigas has already become locally extinct in many regions where it used to exist, such as near Taiwan, and its overall population has declined by 84% over the past century.

In addition to updating the status of T. gigas, IUCN also upgraded other giant clam species, including Tridacna mbalavuana, or the tevoro clam, from "vulnerable" to "endangered," as well as Hippopus hippopus, or horse's hoof clam, from "least concern" to "vulnerable."

Li said many giant clam species have beautiful mantles -- the exposed flesh that lines the shell. Even among individuals of the same species, the mantles' color patterns vary widely, from turquoise with yellow spots to emerald green with black specks. Some resemble ink flowing through a sky blue river.




In many parts of the world, fishers harvest giant clams for food or their shells for decoration.

Climate change also poses a major threat to giant clams. When the ocean water becomes too warm, the clams expel the algae living in their tissues, similar to what happens to corals during coral bleaching. Without the algae, giant clams can starve.

The Red List update also includes some recently discovered species under the "data deficiency" category. Li said that adding these species could pave the way for future research by highlighting what is missing.

"Invertebrates, like insects and mollusks, account for more than 95% of total animal biodiversity in the world, but people are not paying enough attention to them. There're still a lot of undiscovered or undescribed species out there," Li said.

While the IUCN Red List has no legal implications, efforts to protect giant clams are growing. In July, the National Oceanic and Atmospheric Administration (NOAA) proposed listing 10 giant clam species -- including T. gigas -- under the Endangered Species Act. If approved, these giant clams will receive legal protection in the U.S., barring harvesting and trade of wild individuals. Li has submitted his assessment to NOAA in support of this effort.

"As a biologist, I'm working on translating findings from my research into policy changes, but not enough biologists are doing this. I hope to encourage more biologists to devote time into population assessment and conservation," Li said.
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No incentive for older birds to make new friends | ScienceDaily
Like people, birds have fewer friends as they age, but the reasons why are unclear. New research suggests they may just have no drive to.


						
In humans, it's often been assumed that older people have fewer friends because they're pickier about who they spend their time with. There's also the issue that there are fewer people of their own age around.

But it's hard to pick apart the various potential causes for humans, so researchers have turned to animals. The team behind the new research, led by Imperial College London, studied an isolated population of sparrows on the island of Lundy, in the Bristol Channel.

By mapping the ages and social networks of all the birds, they found that older sparrows do tend to have fewer friends, as with humans. The reason could be that there is no 'evolutionary pressure' to do so: while friendliness helps younger birds survive and breed more successfully, the same isn't true for older birds.

Lead researcher Dr Julia Schroeder, from the Department of Life Sciences (Silwood Park) at Imperial, said: "This evolutionary mechanism may also be at work in humans -- it could be that older people are less inclined to new friends as they age. Combined with fewer same-age potential friends available, this could be a factor in the loneliness crisis among older people."

Co-author Dr Jamie Dunning, now at the University of Leeds, explained: "Our study is one of the first to suggest that birds, like mammals, also reduce the size of their social network as they age. Specifically, the number of friendships, and how central a bird is to the wider social network, declined with age."

The study is published today in Philosophical Transactions of the Royal Society B, in a special issue of the journal on understanding age and society using natural populations.




Changing with age

Lundy Island hosts a 'closed' population of sparrows, meaning that no individuals leave or arrive on the island. This allows the team to collect lots of accurate data on the inhabitants, including their ages, breeding success, and social networks, which have been recorded for 25 years.

Previous research from the team showed that being friendly (especially with the opposite sex) helps sparrows on the island breed successfully, showing that when they're young, having a good social network is an advantage.

In the new study, the researchers looked at the other end of life, to see if friendliness is still a benefit. They found that, rather than having a benefit, the lack of friendliness simply seems to be of no cost.

Dr Schroeder explained: "'Friendliness', at least for sparrows, may change with age. When they're young, it helps them to make friends, giving them an evolutionary 'benefit'. But once they've reproduced, it seems like being unfriendly has no evolutionary 'cost' -- there are no downsides that mean those genes wouldn't be passed on."

There are parallels in humans for age-related conditions like Parkinson's -- while diseases like this clearly do have a cost for the individual, since they only occur after reproduction, they are passed on to offspring anyway, so there is no mechanism for evolution to lose those genes.

Dr Schroeder said: "Ultimately, the study of friendliness with age -- whether it be in sparrows or humans -- may help us understand how to help older people make new friends, and reduce the burden of loneliness."
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Using weather radar to track Australia's migrating birds | ScienceDaily
For the first time, scientists have used data from weather radar not to track storms, but to count birds as they travel across Australian skies.


						
The study, led by University of Queensland PhD candidate Xu Shi, used 16 years of radar weather data from the Bureau of Meteorology to monitor bird migration patterns from Tasmania to northern Queensland.

"We were very excited to discover millions of birds migrating in Australia each year, escaping cold southern winters by moving up the east coast," Mr Shi said.

"Birdwatchers have known for a long time that some Australian birds migrate, but never before have we been able to study the phenomenon so clearly.

"Weather radars can tell us how many birds are flying, when and in which direction they're moving."

The research team found that migration of birds in Australia is very different to what is seen in Europe or North America.

"The data showed lots of variation in migration direction, timing, and intensity from year to year when compared to northern hemisphere birds, which are very rigidly tied to seasons," Mr Shi said.




"For example, the tiny Silvereye Zosterops lateralis migrates from Tasmania to as far as southern Queensland.

"But they might not all do that every year and sometimes they migrate shorter distances."

The radars also revealed that many Australian birds migrate during the day unlike birds in the northern hemisphere, but researchers are not yet sure why this is.

Study co-author Professor Richard Fuller said the discoveries pave the way for conservation efforts to protect Australia's birds.

"Birds that migrate within Australia are often overlooked by legislation, and until now we've known very little about which species migrate, where they go and when they do it," Professor Fuller said.

"Our research shows that a considerable number of birds migrate within Australia, which highlights the need for more research into their migration patterns.

"By enabling researchers to further explore how climate change and environmental shifts affect bird migration, our findings can help us better protect birds in Australia and globally."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028132150.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Quality control in artificial photosynthesis: Validating natural antenna mimicry | ScienceDaily
Humans can do plenty, but plants have an ability we don't: they make energy straight from sunlight, a superpower called photosynthesis. Yet new research shows that scientists are closing that gap.


						
Osaka Metropolitan University researchers have revealed the 3D structure of an artificial photosynthetic antenna protein complex, known as light-harvesting complex II (LHCII), and demonstrated that the artificial LHCII closely mirrors its natural counterpart. This discovery marks a significant step forward in understanding how plants harvest and manage solar energy, paving the way for future innovations in artificial photosynthesis.

The researchers, led by Associate Professor Ritsuko Fujii and then graduate student Soichiro Seki of the Graduate School of Science and Research Center for Artificial Photosynthesis, had their study published in PNAS Nexus.

Photosynthesis turns sunlight into usable energy, an extremely complicated process that involves hundreds of different molecules and proteins. Among them is LHCII, the most common pigment-protein complex found in chloroplasts of plants and green algae; it is responsible for capturing sunlight and efficiently channeling energy to drive photosynthesis. LHCII itself consists of many proteins and pigment molecules; understanding how this photosynthetic antenna works its magic and then mimicking it is far from simple.

Various attempts have been made to recreate LHCII. The question is: are these imitations anywhere close to nature's own creation?

"Traditional methods fall short of determining the exact structure of in vitro reconstituted LHCII," said Dr. Seki.

In vitro reconstitution is a lab technique that allows scientists to rebuild LHCII outside of plants by synthesizing the protein portion of LHCII in E. coli and combining it with natural pigments and lipids.




The research team therefore turned over a new leaf, using cryo-electron microscopy to analyze the 3D structure of the LHCII they reconstituted. This technique, which won the 2017 Nobel Prize in Chemistry, captures images of samples frozen at extremely low temperatures, making it possible for the researchers to gain a highly detailed look at how pigments and proteins are arranged within the complex.

"Our results showed that the lab-created LHCII was nearly identical to the natural version, with only a few minor differences," Dr. Seki said.

These findings validate the effectiveness of the in vitro reconstitution technique and open up new opportunities for exploring the inner workings of LHCII and its role in photosynthesis, laying the groundwork for future advances in artificial photosynthesis and plant production technologies.

"Our result provides not only a structural foundation for reconstituted LHCII, but also evaluates the functions based on the structure of the reconstituted LHCII," Professor Fujii said. "We hope this will facilitate further studies on the molecular mechanisms by which plants utilize sunlight for chemical reactions."
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Understanding how mutations affect diseases | ScienceDaily
The human genetic code is fully mapped out, providing scientists with a blueprint of the DNA to identify genomic regions and their variations responsible for diseases. Traditional statistical tools effectively pinpoint these genetic "needles in the haystack," yet they face challenges in understanding how many genes contribute to diseases, as seen in diabetes or schizophrenia. A new study from the Institute of Science and Technology Austria (ISTA), published in PNAS, tackles this problem.


						
Many statistical models and algorithms used by scientists can be imagined as a "black box." These models are powerful tools that give accurate predictions, but their internal workings are not easily interpretable or understood. In an era dominated by deep learning, where an ever-increasing amount of data can be processed, Natalia Ruzickova, a physicist and PhD student at the Institute of Science and Technology Austria (ISTA), chose to take a step back. At least in the context of genomic data analysis.

Together with Michal Hledik, a recent ISTA graduate, and Professor Gasper Tkacik, Ruzickova now proposed a model that might help to analyze "polygenic diseases," where many regions in the genome contribute to a malfunction. Also, the model serves to understand why the identified genomic regions contribute to these diseases. They do so by combining state-of-the-art genome analysis with fundamental biology insights. The results are published in PNAS.

Decoding the human genome 

In 1990, the Human Genome Project was launched to fully decode the human DNA -- the genetic blueprint that defines humans. Fast-forward to 2003 when the project was completed, it paved the way for numerous breakthroughs in science, medicine, and technology. By deciphering the human genetic code, scientists were hopeful to learn more about diseases linked to specific mutations and variations in this genetic script. Given that the human genome comprises approximately 20,000 genes and even more base pairs -- the letters of the blueprint -- large statistical power became essential. This led to the development of so-called "genome-wide association studies" (GWAS).

GWAS approach the issue by identifying genetic variants potentially linked to organismal traits such as height. Importantly, they also include the propensity for various diseases. For this, the underlying statistical principle is quite straightforward: participants are divided into two groups -- healthy and sick individuals. Their DNA is then analyzed to detect variations -- changes in their genome -- that are more prominent in those affected by the disease.

An interplay of genes 

When genome-wide association studies emerged, scientists expected to find just a few mutations in known genes linked to a disease that would explain the difference between healthy and sick individuals. The truth, however, is much more complicated. "Sometimes, there are hundreds or thousands of mutations linked to a specific disease," says Ruzickova. "It was a surprising revelation and conflicted with the understanding of biology we had."




Individually, each mutation has a minimal impact or contribution to the risk of developing a disease. However, collectively, they can explain better, but not fully, why some individuals develop the disease. Such diseases are referred to as "polygenic." For example, type 2 diabetes is polygenic, because it cannot be attributed to a single gene; instead, it involves hundreds of mutations. Some of these mutations affect insulin production, insulin action, or glucose metabolism, while the majority are located in genomic regions not previously linked to diabetes or with unknown biological functions.

The omnigenic model 

In 2017, Evan A. Boyle and colleagues from Stanford University proposed a new conceptual framework called the "omnigenic model." They proposed an explanation for why so many genes contribute to diseases: cells possess regulatory networks that link genes with diverse functions.

"Since genes are interconnected, a mutation in one gene can impact other ones, as the mutational effect spreads through the regulatory network," Ruzickova explains. Due to these networks, many genes in the regulatory system end up contributing to a disease. However, until now, this model has not been formulated mathematically and has remained a conceptual hypothesis that was difficult to test. In their latest paper, Ruzickova and her colleagues introduce a new mathematical formalization based on the omnigenic model named the "quantitative omnigenic model" (QOM).

Combining statistics and biology 

To demonstrate the potential of the new model, they needed to apply the framework to a well-characterized biological system. They chose the common lab yeast model Saccharomyces cerevisiae, better known as the brewer's yeast or the baker's yeast. It is a single-cell eukaryote, meaning its cell structure is similar to that of complex organisms such as humans. "In yeast, we have a fairly good understanding of how regulatory networks that interconnect genes are structured," Ruzickova says.




Using their model, the scientists predicted gene expression levels -- the intensity of gene activity, indicating how much information from the DNA is actively utilized -- and how mutations spread through the yeast's regulatory network. The predictions were highly efficient: The model not only identified the relevant genes but could also clearly pinpoint which mutation most likely contributed to a specific outcome.

The puzzle pieces of polygenic diseases

The scientists' goal was not to outdo the standard GWAS in prediction performance, but rather to go in a different direction by making the model interpretable. Whereas a standard GWAS model works as a "black box," offering a statistical account of how frequently a particular mutation is linked to a disease, the new model also provides a chain-of-events causal mechanism how that mutation may lead to a disease.

In medicine, understanding the biological context and such causal pathways has huge implications for finding new therapeutic options. Although the model is currently far from any medical application, it shows potential, especially for learning more about polygenic diseases. "If you have enough knowledge about the regulatory networks, you could build similar models for other organisms as well. We looked at the gene expression in yeast, which is just the first step and proof of principle. Now that we understand what is possible, one can start thinking about applications to human genetics," says Ruzickova.
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Keeping fewer friends protects aging monkeys from diseases | ScienceDaily
Becoming less sociable protects older monkeys from getting ill, new research shows.


						
Many animals, including humans, are known to experience "social ageing" -- reductions in their number of social connections as they get older. But why this happens remains a mystery.

The new study, led by the universities of Exeter and Edinburgh, used long-term data on rhesus macaques on Cayo Santiago -- known as Monkey Island.

They found that older macaques are likely to suffer less from infectious disease, mostly because of their smaller social networks.

The study is published as part of a special issue of Philosophical Transactions of the Royal Society B, guest edited by Professor Lauren Brent from the University of Exeter.

"Social ties bring huge benefits to a vast range of species -- but sociality also comes with costs, including infectious disease risk," said Dr Erin Siracusa, from Exeter's Centre for Research in Animal Behaviour.

"This cost-benefit ratio can change across individuals' lifespans, which may drive changes in social behaviour.




"Older individuals may be more susceptible to diseases -- but once we accounted for that in our data, we found that older macaques suffered lower infection costs than their younger counterparts.

"Our findings suggest a powerful reason why many animals, including humans, might reduce their social connections as they age."

The benefits macaques gained from social ageing depended on the diseases in question.

Unsurprisingly, the benefit was strongest when diseases were highly infectious and were more severe for older macaques.

Dr Matthew Silk, from the University of Edinburgh, said: "Our results point to illness potentially helping to explain why 'social ageing' evolves -- something we are keen to test in future research."

The research was partly funded by the National Institutes of Health and Dr Silk's Royal Society University Research Fellowship.

The study is entitled: "Social ageing can protect against infectious disease in a group-living primate."

The special issue of the journal is called: "Understanding age and society using natural populations."
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        COVID-19 pandemic worsened patient safety measures, study finds
        A new study has found that the COVID-19 pandemic significantly impacted patient safety indicators in U.S. hospitals. The study examined data from the National Database of Nursing Quality Indicators to assess trends in nursing-sensitive quality indicators from 2019 to 2022. The prevention of these very distressing, uncomfortable conditions is considered to be under the nurse's purview and directly influenced by nursing care.

      

      
        Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars
        Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.

      

      
        Researchers develop approach to accurately predict pneumonia outcomes
        Doctors struggle to accurately predict pneumonia patients' prognoses and determine the most effective treatments. Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers uncovered five distinct clinical states in pneumonia.

      

      
        Coastal flooding during hurricanes Helene and Milton tracked
        A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided scientists with essential data from hurricanes Helene and Milton. The app can help inform decisions about policy and resource allocation.

      

      
        When is a heat wave just a heat wave, and when is it climate change?
        A new study used the 2023 heat wave in Texas and Louisiana as a test case for establishing processes that tease out whether particular weather events are climate change related.

      

      
        Age assurance online needs to be child-rights respecting, new study says
        A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online -- a new study says.

      

      
        Companies and investors can now get smarter when it comes to nature
        Amid growing pressure to report on nature-related risks and impacts, an open-source footprinting tool offers a scientific and transparent approach.

      

      
        Green growth: 30% of regions worldwide achieve economic growth while reducing carbon emissions
        More and more regions around the globe combine economic growth with reducing carbon emissions, researchers found. Their study highlights the vital role of national climate actions in decoupling economic growth from CO2 emissions. The analysis of data from 1,500 regions over the past 30 years showed that 30 percent have managed to lower their carbon emissions while continuing to thrive economically.

      

      
        Teens who made history with Pythagoras' theorem discovery publish their first academic paper with new proofs
        In their peer-reviewed work, Calcea Johnson and Ne'Kiya Jackson present five new ways of proving Pythagoras' Theorem via trigonometry. They also detail a new method for finding proofs that yield at least five more.

      

      
        Keeping fewer friends protects aging monkeys from diseases
        Becoming less sociable protects older monkeys from getting ill, new research shows.

      

      
        Are we missing the mark on biodiversity? 90% of countries ignore key behavior changes
        There is a yawning gap between national policies to enhance biodiversity and the individual and small group behavioral changes that are critical to making a real difference.

      

      
        Dramatic drop in marijuana use among U.S. youth over a decade (2011 to 2021)
        Using a national survey of 88,183 adolescents in grades nine to 12, findings show marijuana use declined from 23.1% in 2011 to 15.8% in 2021, with first-time use before age 13 dropping from 8.1% to 4.9%. In 2021, use was highest among 12th graders (22.4%) and 11th graders (18.7%). Notably, in 2021, girls (17.8%) surpassed boys (13.6%) in reported use, reversing previous trends. While Asian, Hispanic, and white adolescents saw significant declines, Black adolescents reported a higher usage rate of...

      

      
        Psychologists develop tool to assess narcissism in job candidates
        Researchers developed a tool for job interviews to assess narcissistic grandiosity among potential job candidates.

      

      
        Studying Wikipedia browsing habits to learn how people learn
        A collaborative team of researchers led by Dale Zhou, who did his Ph.D. at the University of Pennsylvania's Perelman School of Medicine, and Dani Bassett in Penn's School of Engineering and Applied Science looked at how nearly half a million people around the world use Wikipedia's knowledge networks. They found stark differences in browsing habits between countries offering insights into cultural differences and potential drivers of curiosity and learning.

      

      
        Move along, moose: Study reveals the 'most Canadian' animals
        What is the 'most Canadian' animal? Spoiler: it's not the beaver, or the moose. A new study ranks species of terrestrial vertebrates in Canada by their level of Canadian evolutionary distinctness: the amount of time animals have evolved independently from other Canadian species. The study found that, overall, amphibians and reptiles are Canada's most evolutionarily distinct species, with Apalone spinifera -- better known as the spiny softshell turtle -- being the most evolutionary distinct terres...

      

      
        Political polarization poses health risks, new analysis concludes
        A new analysis shows that political polarization also poses significant health risks -- by obstructing the implementation of legislation and policies aimed at keeping Americans healthy, by discouraging individual action to address health needs, such as getting a flu shot, and by boosting the spread of misinformation that can reduce trust in health professionals.

      

      
        Barriers prevent everyone enjoying nature equally
        A major international study involving 56,968 adults, aged 18 to 99, has found that levels of nature connectedness and nature exposure are associated with several socioeconomic and demographic factors. Higher scores were significantly associated with being female, being older, having greater financial security, living in a rural location, being in a committed relationship, having a higher level of education, and being in a racial majority in that country.

      

      
        Curbing air pollution control devices would cost thousands of lives and billions of dollars
        A new commentary found that power plants' use of these devices saved up to 9,100 lives and up to $100 billion in health costs in 2023. These estimates reveal the substantial health benefits that could be at stake if the next presidential administration implements policies that aim to weaken the Clean Air Act and limit the regulatory authority of the EPA.

      

      
        'The way to a man's heart disease': Can social expectations of masculinity be bad for cardiovascular health?
        A new study found that higher levels of stereotypical male gender expression were associated with a decrease in reported diagnoses and treatment for cardiovascular disease risk factors.

      

      
        Ripples of colonialism: Decarbonization strategies perpetuate inequalities in human rights
        A new study of a city in the Democratic Republic of Congo finds that the necessary process of decarbonization is repeating and recreating colonial inequalities.

      

      
        Millions in the U.S. may rely on groundwater contaminated with PFAS for drinking water supplies
        Approximately 71 to 95 million people in the Lower 48 states -- more than 20% of the country's population -- may rely on groundwater that contains detectable concentrations of per- and polyfluoroalkyl substances, also known as PFAS, for their drinking water supplies.

      

      
        New AI model could make power grids more reliable amid rising renewable energy use
        Researchers use AI to manage the growing complexity of modern power grids.
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COVID-19 pandemic worsened patient safety measures, study finds | ScienceDaily

The investigation found that rates of falls, bloodstream infections from central line catheters, urinary tract infections from urinary catheters, pressure injuries from devices or immobility, and pneumonia associated with ventilator use, all increased significantly during the pandemic. While some of these rates have begun to decline, they have not yet returned to pre-pandemic levels. When a patient falls, develops a pressure injury, or suffers a hospital-acquired infection, these adverse events delay the patient's ability to go home, to be comfortable, and to heal.

"The pandemic placed an immense strain on healthcare systems and frontline workers, and the impact on patient safety is evident in these data," said Eileen T. Lake, PhD, RN, FAAN, the Edith Clemmer Steinbright Professor in Gerontology; Professor of Nursing in the Department of Biobehavioral Health Sciences; and Associate Director of CHOPR. "It's crucial that we address the ongoing challenges faced by nurses and invest in this professional workforce."

The study highlights the importance of supporting nurses and ensuring they have the resources and support they need to provide high-quality care. It also underscores the need for continued efforts to improve patient safety indicators even as the pandemic subsides.

Co-authors include: Angela Pascale, PhD, Research Analyst and Nora E. Warshawsky, PhD, RN, NEA-BC, FAAN, Nurse Scientist, both from Press Ganey Associates LLC; Jessica G. Smith, PhD, RN, College of Nursing and Health Innovation at The University of Texas at Arlington; Douglas Staiger, PhD, Department of Economics at Dartmouth College; and Jeannette A. Rogowski, PhD, Health Policy, and Administration at The Pennsylvania State University.
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Britain's brass bands older than we thought and invented by soldiers from the Napoleonic Wars | ScienceDaily
Military musicians returning from the Napoleonic wars established Britain's first brass bands earlier than previously thought, new research reveals. The study undermines the idea that brass bands were a civilian and exclusively northern creation.


						
It is widely believed that brass bands originated with coal miners and other industrial communities in northern England and Wales between the 1830s and the 1850s. New evidence rewrites this history.

A University of Cambridge historian has found compelling evidence to show that Britain's earliest brass bands were founded by military musicians in the 1810s.

In a study published today in The Historical Journal, Dr Eamonn O'Keeffe argues that regimental bands first experimented with all-brass formats in the aftermath of the Napoleonic Wars.

While wartime bands included woodwind instruments such as clarinets and bassoons, O'Keeffe points out that the 15th Regiment of Foot had already organized a bugles-only band by 1818 and that numerous regiments had established all-brass bands by 1830, taking advantage of new instrument designs developed at home and in Continental Europe. The Life Guards, for example, performed on valved trumpets gifted by the Russian Czar. Local defence units also mustered brass bands, including a volunteer rifle corps in Paisley (1819) and yeomanry troops in Devon (1827) and Somerset (1829).

O'Keeffe also shows that veterans of the Napoleonic wars founded many of Britain's earliest non-military brass bands from the 1820s onwards. These ensembles often emerged far beyond the northern English and Welsh industrial communities with which they later became associated.

The first named civilian band which O'Keeffe has identified, the Colyton Brass Band, played God Save the King in a village in Devon in November 1828 as part of birthday festivities for a baronet's son. O'Keeffe found slightly later examples in Chester and Sunderland (both 1829), Derby and Sidmouth (1831), and Poole (1832). In 1834, Lincoln's brass band was being trained by William Shaw, 'formerly trumpeter and bugleman' in the 33rd Regiment of Foot.




"These findings illustrate just how deeply brass bands are embedded in British history and culture," said Dr O'Keeffe, who is the National Army Museum Junior Research Fellow at Queens' College, Cambridge and part of the University's Centre for Geopolitics.

"We already knew about their relationship with industrialization. Now we know that brass bands emerged from Britain's wars against Napoleon."

O'Keeffe discovered most about a band founded by James Sanderson, a Waterloo veteran, in Leamington Spa, Warwickshire. Sanderson, a former trumpet-major, publicized his 'military brass band' in the Leamington Spa Courier in February 1829. Surviving newspaper reports from that summer reveal that the outfit, equipped with keyed bugles, trumpets, French horns, and trombones, performed at several well-attended fetes and other events in the area.

Sanderson's military pension describes him as a labourer born in Thrapston, Northamptonshire. He joined the 23rd Light Dragoons, a cavalry regiment, in 1809, fought at the Battle of Waterloo in 1815 and went on to become the trumpet-major of the 13th Light Dragoons. He left the army due to epileptic fits in the 1820s.

On 29th June 1829, the Leamington Spa Courier reportedthat 'Sanderson's Warwick and Leamington Military Brass Band' performed at a Waterloo anniversary parade in Warwick. Wearing his Waterloo medal, Sanderson mustered his fellow veterans to the tune of 'See the conquering hero comes'. On 1st July, the Leicester Herald reported that Sanderson's band played for up to 300 people at a village feast in Stoneleigh, Warwickshire, inspiring a 'merry dance'.

War and peace

O'Keeffe points out that the Napoleonic Wars (1793 -- 1815) led to a dramatic proliferation of British military bands. By 1814, more than twenty thousand instrumentalists were serving in uniform, in the regular army and militia, as well as a host of part-time home defence formations.




Most of those in full-time service received higher pay than regular soldiers but were still subject to military discipline. The majority were fifers, drummers, trumpeters and buglers, whose music conveyed commands while enhancing parade-ground pageantry and morale. The remainder served in regimental bands of music, which not only enlivened military ceremonies but performed at a wide variety of public occasions, including balls, concerts, and civic processions.

By studying previously overlooked press reports, memoirs and regimental records, O'Keeffe reveals that once demobilized, men and boys who honed their instrumental skills in uniform embarked on a variety of civilian musical careers, becoming instructors, wind performers, composers, and even opera singers.

Many performed in an array of militia and volunteer bands that remained active long after demobilization. Others instructed or participated in a growing assortment of amateur wind and all-brass bands, which often sported uniforms and consciously emulated their regimental equivalents.

O'Keeffe said: "It is widely assumed that brass bands were a new musical species, distinct from their military counterparts. They are primarily seen as a product of industrialization pioneered by a combination of working-class performers and middle-class sponsors.

"But all-brass bands first appeared in Britain and Ireland in a regimental guise. As well as producing a large cohort of band trainers, the military provided a familiar and attractive template for amateur musicians and audiences. This coincided with expanding commercial opportunities and a growing belief in the moralising power of music."

O'Keeffe argues that these quasi-martial troupes enjoyed cross-class appeal, becoming fixtures of seaside resorts, pitheads, and political demonstrations in the decades after Waterloo, and were not confined to northern English industrial towns.

"Soldiers returned from the Napoleonic wars amidst a severe economic recession and many suffered a great deal," O'Keeffe said. "But here we see musicians using the skills they developed in the military to survive and often thrive."

Instruments

The Napoleonic wars created unprecedented demand for brass and other musical instruments. As well as tracking down individual musicians and bands, O'Keeffe investigated the circulation of regimental instruments after the Battle of Waterloo.

Government-issued drums and bugles were supposed to return to public stores on demobilization and band instruments generally belonged to regimental officers. But drummers and bandsmen were often unwilling to relinquish the tools of their trade.

Seven Herefordshire local militia musicians petitioned their colonel in 1816 'to make us a present' of their regimental instruments, noting that performers in other disbanded units had been permitted to keep their instruments 'as a perquisite'. The men promised to continue their weekly practices if the request was granted, pledging that 'a band will be always ready in the town of Leominster for any occasion'.

Some officers auctioned off the instruments of their disbanded corps, making large volumes of affordable second-hand instruments available to amateur players and civilian bands in the post-war decades.

Early brass bands also embraced new instrument designs adopted by their military counterparts or introduced by regimental and ex-regimental performers. The keyed bugle, patented by an Irish militia bandmaster in 1810, was widely used by the first generation of all-brass ensembles. The popularization of affordable and uncomplicated saxhorns by the Distin family further aided the spread of brass bands from the 1840s. The family's patriarch, John Distin, had begun his musical career in the wartime militia.

Enduring tunes

O'Keeffe identifies a number of tunes originating in the military that remained popular with the broader public long after Waterloo.

Theatre critics in the 1820s decried the nation's love of 'Battle Sinfonias' and the 'modern mania for introducing military bands on the stage'. 'The Downfall of Paris', a favourite regimental quick march, became a mainstay of buskers in post-war London. A music critic writing in 1827 lamented the neglect of Bach and Mozart in favour of this tune, which he said every piano instructor 'must be able to play, and moreover to teach'.

But recalling his youth in Richmond, North Yorkshire in the 1820s and 1830s, Matthew Bell described the expert militia band as a 'very popular' source of free entertainment for poorer townspeople and claimed it aroused 'a slumbering talent for music in some of those who heard its martial and inspiring strains.'

Writing in 1827, the Newcastle historian Eneas Mackenzie was clear that 'The bands attached to the numerous military corps embodied during the late war have tended greatly to extend the knowledge of music. At present, there is a band belonging to almost every extensive colliery upon the Tyne and the Wear'.

O'Keeffe said: "Brass bands enabled aspiring musicians of all ages to develop new skills and allowed people to make music as a community, learning from each other. That was the case in the nineteenth century and it's still the case today."

Dr O'Keeffe is writing a book about British military music during the Napoleonic Wars.
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Researchers develop approach to accurately predict pneumonia outcomes | ScienceDaily
Two patients being treated for pneumonia, an infection that causes difficulty breathing due to fluid-filled sacs in the lungs, can look vastly different and have opposing outcomes. Yet doctors struggle to accurately predict patients' prognoses and determine the most effective treatments.


						
Now, by applying a sophisticated machine-learning approach to electronic health records (EHRs) of patients with pneumonia, researchers at Northwestern University have uncovered five distinct clinical states in pneumonia, three of which are strongly associated with disease outcomes and two that can help physicians determine the disease's cause. One of the states was associated with a 7.5% chance of dying within 24 hours.

The paper that describes the novel approach and the data used to develop it is online in the journal Proceedings of the National Academy of Sciences (PNAS). The researchers say the approach has potential to help clinicians make better informed treatment decisions for critically ill patients and to be applied much more broadly.

Pneumonia, a leading cause of death globally, is inherently difficult to treat due to the diverse ways it can present and be acquired and its potential for antibiotics overuse. Physicians have historically used cause to differentiate pneumonia patients in intensive care units, grouping them into three categories: community-acquired (which could mean a previous bacterial or viral infection), hospital-acquired and ventilator-acquired (developed after a patient requires mechanical ventilation).

But Northwestern's Luis Amaral, the study's lead author, said this data actually tells physicians surprisingly little about a patient's chance of recovery.

"Other approaches to classifying the state of pneumonia patients are not as discriminatory," Amaral said. "They do a worse job of predicting disease progression and prognosis, which is particularly relevant for end-of-life decisions. Our study is the first to demonstrate the existence of robustly identifiable, distinct, clinical states."

Amaral, an expert in complex systems and data science, is the Erastus Otis Haven Professor of Engineering Sciences and Applied Mathematics in Northwestern's McCormick School of Engineering.




Amaral said understanding individuals' chances of survival can help prepare family members for loss and help physicians avoid over-treatment.

The five states integrate many types of data (body temperature, breathing rate, glucose levels, oxygenation levels, etc.) to establish relationships between different measures. The researchers found that linear combinations of the variables characterizing motor response, renal function, heart rate, systolic blood pressure, respiratory rate and high blood pressure provided the most information about the state of a patient.

The team overcame several challenges as they developed a suite of machine-learning tools to cluster patient conditions from two EHR data sources, one a Northwestern project called SCRIPT and the other from a standard clinical dataset. First, many types of data had to be integrated despite being collected at distinct frequencies. They also needed to develop a new test that would indicate the reliability of the approach. Third, they had to determine whether the information contained in these physiological variables could be "compressed" into a much smaller number of combinations of those variables.

The resulting data enabled the researchers to identify five distinct clusters -- which they equated with distinct clinical states -- whose value in predicting mortality of patients was considerably higher than that of current approaches. Surprisingly, one of the clusters identified collected most patients whose pneumonia was associated with a COVID-19 infection.

The technical advances developed during this research may be useful in other contexts. In fact, according to Feihong Xu, the study's lead author and a graduate student in the Amaral lab, the team is "now applying these techniques to experimental data from a mouse model of sepsis."

For now, their analysis is yet to investigate why some patients move from one state to another, something the researchers are now studying. Future research, both on pneumonia and other diseases, could ultimately be the basis for more effective and predictable treatment options.
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Coastal flooding during hurricanes Helene and Milton tracked | ScienceDaily
A web-based application that gathers crowdsourced data to identify flooding and inform policy in coastal communities provided University of South Florida scientists with essential data from hurricanes Helene and Milton.


						
The team of researchers led by USF St. Petersburg GIS and Remote Sensing Professor Barnali Dixon used the CRIS-HAZARD app to analyze real-time flooding in Pinellas County, which is home to 588 miles of coastline. The app also received data from users in neighboring Hillsborough County during Hurricane Milton, which allowed the team to expand its research.

The app, developed in collaboration with researchers at Georgia Tech, combines volunteered geographic information and community crowdsourced data such as photos and videos with near real-time data on flooding. Using dynamic modeling and mapping tools, including artificial intelligence (AI), the app can identify and extract estimated water elevation from imagery submitted that will be used to inform emergency managers and policymakers.

The CRIS-HAZARD app made a soft launch on Sept. 18. Eight days later, Hurricane Helene hit Florida's west coast north of Tampa Bay as a Category 4 hurricane. On Oct. 9, Hurricane Milton hit Florida's west coast south of Tampa Bay as a Category 3 hurricane.

Images gathered from the back-to-back storms gave the team important information about how much flooding occurred and where in the Tampa Bay area.

"People used it to report what was happening in their backyard," said Dixon, who is also executive director of USF's Initiative on Coastal Adaptation and Resilience (iCAR). "This information is their lived experience, and we want to take that experience and make data out of it using AI tools that will process images and figure out the depth of the water. We can use that data to calibrate and validate models."

In addition to the data provided for researchers, the pictures and videos are accessible to other users so they can see where flooding is happening, which helps inform them of hazards in the community.




Dixon compares it to the real-time traffic app Waze, where drivers can see traffic back-ups and where police activity is happening along roads and highways.

"We make it a real-time display for about seven days, then the data is archived," Dixon said. "For example, if there is a big rain event today, you want to know what is happening today, not a month or two months back. But the data stays there so we can access and analyze it."

In 2023, Dixon received a $1.5 million National Science Foundation grant to build the app. Since then, her team has made significant progress. They have installed 14 cameras in St. Petersburg, with 30 more planned throughout Pinellas County.

The cameras are placed in front of five-foot poles with reflective tape that show flooding as it's happening. Each strip is placed six inches apart. Images captured by the cameras during Hurricane Helene indicate that about 3.5 feet of water rose above the seawall in many locations.

The new app, which provides an interactive user experience, is based on the existing Community Resiliency Information System (CRIS), a website created in 2020 by iCAR.

The CRIS platform leverages crowdsourced data to identify climate-related vulnerabilities in local communities. Residents can input information related to issues such as flooding and power outages. This information can then be used by policymakers and neighborhood leaders to make decisions about policy and resource allocation. The data also allows emergency managers to identify areas with concentrations of people who need transportation assistance or are reliant on power for medical needs.




Dixon has been working with community leaders in St. Petersburg's Childs and Bartlett Park neighborhoods for several years, where residents have successfully used the system to prepare for extreme storm events. Through the CRIS website, participants can view maps and see their risk of storm surge and sea level rise. They can also share their own information and suggest ways to improve the system.

"We have used the application at all our community town halls," said Erica Hall, executive director of the Florida Food Policy Council. "As a community leader and liaison, this will help communities tremendously to understand the connection between sea level rise, climate change, extreme heat and coastal flooding. Some vulnerable coastal neighborhoods also show food insecurity and health disparity concerns. Having CRIS map those concerns tells a story that will allow the community to understand."

As principal investigator, Dixon developed the app alongside co-principal investigators Yi Qiang from the USF School of Geosciences and two others from Georgia Tech, Subhrajit Guhathakurta from the College of Design and Peng Chen from the College of Computing.

The research team will continue to work with community partners in St. Petersburg and other flood-prone coastal areas of Pinellas County to refine the app. As the CRIS-HAZARD app gains users and data, the team hopes to make it available to communities nationwide.
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When is a heat wave just a heat wave, and when is it climate change? | ScienceDaily
When extreme weather events occur, can we tell if they're directly attributable to climate change? A new study used the 2023 heat wave in Texas and Louisiana as a test case for establishing processes that tease out whether particular weather events are climate related.


						
"Our main goal with this project is to be able to tell communities that are affected by extreme weather events whether they will continue to see more events like this in the future," says Carl Schreck, senior research scientist with North Carolina State University's North Carolina Institute for Climate Studies (NCICS). "Getting this information to them in a timely manner will help them make informed decisions about hardening infrastructure or rebuilding after a weather event."

Schreck and a team of scientists from NC State, the National Oceanic and Atmospheric Administration (NOAA), the University of Colorado, Boulder and Princeton University set out to establish a routine process for evaluating extreme weather events. 

The test case for the study was an extreme heat wave that occurred in Texas and Louisiana in 2023. The event was notable for its duration - it lasted almost the entire summer. Most heat wave measurement metrics are designed for events that last three to seven days.

"The other interesting piece of this event is that it occurred within the daytime warming hole," Schreck says. "The warming hole refers to an area in the central U.S. where temperatures have not warmed at the same rate that we see over most other places. This is because increased precipitation there has kept afternoon temperatures from warming."

The scientists used a two-step process to determine whether the heat wave was an anomaly or part of a new pattern. First, they took historical data from heat monitoring stations across the U.S. from the past 100 years to see how unusual 2023 was. Then they compared that data with the frequency of heat waves in both past and present predictive computer models.

Comparing those predictive models can indicate whether climate change is playing a role in the event.

"A similar drought wouldn't have been as hot 50 years ago," Schreck says. "That tells us the heat wave is directly related to climate change and that we will see even hotter heat waves in the future."

Now that these methods have been established, the researchers plan to use them to determine the role of climate change in future heat waves.

The work appears in Environmental Research: Climate and was supported by NOAA's Climate Program Office and the U.S. Department of Commerce. David Coates and John Uehling, research associates at NCICS, and NC State research professors Xiangdong Zhang and Kenneth Kunkel are co-authors. David R. Easterling and Russell S. Vose, NOAA/National Centers for Environmental Information; Joseph J. Barsugli, University of Colorado Boulder; Andrew Hoell, NOAA/Physical Science Laboratory; Nathaniel C. Johnson, NOAA/Geophysical Fluid Dynamics Laboratory; and Zachary M. Labe, Princeton University, are also co-authors.  




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241028164433.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Age assurance online needs to be child-rights respecting, new study says | ScienceDaily
A range of different age checks are needed to protect children -- but also to ensure they can take advantages of positive opportunities online-a new study says.


						
Experts found many current age assurance methods -- especially self-declaration -- provide far too low a level of age assurance to meet legal obligations in traditional and relatively new legislation such as the Digital Services Act and the UK Online Safety Act 2023.

The research says so far age assurance has often been ineffective in protecting children from online harm and it risks their privacy and harms their civil rights.

Age assurance measures are often poorly implemented, exposing children to inappropriate content, harmful products and services, and depriving them of the high level of data protection mandated by the GDPR.

Legal age restrictions in some form have existed for a long time concerning children's ability to access content, goods and services. The advent of the internet has raised several challenges for child protection as well as children's rights.

The study says it is important to restrict children's access to inappropriate content, goods and services, but also important that higher levels of protection do not lead to children being excluded from digital services of value to them.

Age assurance is an umbrella term used to describe methods that estimate or verify someone's age. Researchers call for a "child rights" approach, which requires that children should be consulted on safety and privacy measures, and all measures should be subject to robust evaluation. They identified serious child rights concerns in relation to protection, discrimination, privacy, the right to be heard, other civil rights and freedoms, and remedy.




Age assurance should include privacy-by-design and safety-by-design, to ensure children can enjoy age-appropriate digital opportunities as well as protections.

The European Commission-funded study, by Sonia Livingstone and Mariya Stoilova, from the London School of Economics and Political Science, Abhilash Nair, from the University of Exeter, Simone van der Hof, from Leiden University and Cansu Caglar, from Queen Mary University of London is published in the International Journal of Child Rights.

Researchers examined the legal requirements for age assurance in Europe for online content, online sale of alcohol & tobacco and online gambling, assessed compliance by companies, and analysed the consequences for family life.

They found a lack of clear guidelines from regulators as to how appropriate measures can be implemented in practice could leave both service providers and users with considerable uncertainty. Most specific age restrictions set by providers represent a business decision to exclude children rather than invest in designing services appropriate for them.

Professor Nair said: "We found there is a myriad of legislation across the EU that require age checks, but without appropriate age assurance mechanisms in place many of those laws have not been meaningfully enforced. There is now a renewed interest in age assurance, and it is important that we get it right this time so that age assurance tools can serve as a useful tool to achieve compliance with the laws but at the same time are rights respecting for all, and particularly for children."

Professor Livingstone said: "Digital services can make a hugely important contribution to children's development and should therefore be accessible to them. The threshold for age-based restrictions should be set according to whether, on balance, content, services or products are potentially harmful to children or certain age groups of children, bearing in mind all their rights."

Professor van der Hof said: "Although age assurance is the responsibility of digital service providers, they seem to shift the responsibility from digital service providers to children and parents by expecting them to provide the correct age or date of birth at registration. When children do use digital services below the minimum age set by providers, they find themselves using services that do not consider their safety specifically and may therefore not be age appropriate.




The study says children's right to be heard means that they should be meaningfully involved in the design and development of assurance and consent mechanisms and must be provided with easy access to make complaints when their rights are not observed or get support in using age assurance:

Experts found age assurance is only partially trusted, though this might be improved by setting standards for the efficacy of age assurance and age restrictions, combined with certification schemes as a statutory requirement for providing age-restricted content.

Researchers analysedexisting laws and regulations relevant to mandatory age assurance applicable to online content, online gambling and the online sale of alcohol and tobacco in the EU and UK. They also carried out a review of methods in the EU for obtaining parental consent and maintaining children's rights. They also reviewed the evidence on age assurance and parental control tools from the perspective of children and families.
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Companies and investors can now get smarter when it comes to nature | ScienceDaily
Global economic development, while providing many benefits to people worldwide, has largely been at the expense of nature. Yet increasingly, governments, financial institutions, and companies are recognizing that this paradigm undermines the long-term viability of the global economy. This month, these sectors and others are coming together at the United Nations Conference on Biodiversity (COP16) in Colombia to address the nature crisis, which is becoming widely understood as comparable to and intersecting with climate change.


						
As part of the increasing shift to address the decline of nature and its implications for humanity (e.g., loss of pollinators, natural flood control, carbon storage, clean and available water) there have been recent efforts, such as the Task Force on Nature-Related Financial Disclosures and the Science-Based Targets Network, to support tracking and reporting of the private sector's nature-related impacts and dependencies (in other words, how companies not only impact nature, but depend on it).

A tool co-developed by the Stanford University-based Natural Capital Project (NatCap) and the Morgan Stanley Institute for Sustainable Investing assesses nature-related risks and opportunities from companies' physical assets. In a new paper published in Communications Earth & Environment, the team demonstrates this approach for eight metrics of biodiversity and ecosystem services (the benefits ecosystems provide to people), and applies it to a set of over 2000 global, publicly traded companies with 580,000 mapped physical assets.

The ecosystem services footprinting tool can provide corporate ESG (environmental, social and governance) metrics focused on impacts to nature, with greater transparency and potential for external verification than many other ESG approaches.

"This kind of information can help investors, companies, and others evaluate and act on corporate impacts on nature. We hope it can open up paths for more sustainable business decisions, such as avoiding sites with the greatest negative impacts to nature and people, or capitalizing on demand for more sustainable investments and managing risks from impacts to nature, such as the loss of social license to operate," said Lisa Mandle, lead scientist and director of science-software integration at NatCap.

Other key takeaways
    	Companies in the utility, real estate, materials, and financial sectors have the largest impacts on average, although there is substantial variation within all sectors.
    	As an example of the approach, the team applied it to a set of lithium mines, which are key to the renewable energy transition. Using satellite imagery, they looked at their footprint -- how much space they are taking up -- and the geography of where they are located, to assess its consequences for specific benefits nature provides to people. This can help determine where this resource could be obtained most efficiently for the lowest environmental -- and human -- impact.
    	The team found that just focusing on corporations' biodiversity impacts is not representative of impacts to broader ecosystem services, like water quality or coastal flood risk reduction. The results emphasize the importance of using high-spatial-resolution information and understanding both ecosystem services and biodiversity values in order to accurately assess corporate impacts on nature. Framing nature-related impacts in terms of ecosystem services illuminates what changes in ecosystems and biodiversity can mean for companies, the economy, and society, and is often more material to companies than measures of biodiversity impact.
    	This approach could advance ESG measures towards more comprehensively assessing the societal importance of companies' environmental impacts, rather than only environmental risk to companies.

"We hope this open-source tool will help expand access to natural capital analytics, better connect finance and financial valuations to nature, and support the market through increased innovation," said Matthew Slovik, managing director and head of global sustainable finance at Morgan Stanley.
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Green growth: 30% of regions worldwide achieve economic growth while reducing carbon emissions | ScienceDaily
More and more regions around the globe combine economic growth with reducing carbon emissions, researchers from the Potsdam Institute for Climate Impact Research found. Their new study highlights the vital role of national climate actions in decoupling economic growth from CO2 emissions. The analysis of data from 1,500 regions over the past 30 years showed that 30 percent have managed to lower their carbon emissions while continuing to thrive economically. While this accelerating trend marks significant progress towards achieving the Paris Climate Agreement, the authors caution that the current pace of decoupling is insufficient to meet the global climate target of net-zero carbon emissions by 2050.


						
"We found that 30 percent of the regions with available data have fully decoupled carbon emissions from economic growth. Regions with high incomes and a history of carbon-intensive industries, as well as those with significant shares of service and manufacturing sectors were particularly successful in reducing carbon emissions while still experiencing economic growth," says Anders Levermann, co-author and head of the research department "Complexity Science" at PIK. "A stabilization of the global mean temperature is only possible with net-zero carbon emissions. That means that if economies want to grow they need to be decoupled from CO2 emissions."

The success of decoupling is also driven by subnational climate action: "Specifically, EU cities that have implemented climate mitigation plans and regions that have received increased financial support for climate actions tend to show higher rates of decoupling," explains Maria Zioga, PIK scientist and lead author of the study. "Notably, Europe consistently outperforms other parts of the world, with many of its regions showing a continuous decoupling trend over the past 20 years. In contrast, North America and Asia have seen more fluctuating decoupling patterns over the decades, but there's been an improvement trend in the last decade," she adds.

Less than half of the regions will be able to achieve net-zero by 2050

While previous studies on carbon decoupling have primarily concentrated on nations or individual cities, researchers at PIK have taken a more granular approach while retaining a global scope. They analysed the economic outputs of 1,500 subnational regions where the observed per capita gross regional product (GRP) was increasing, accounting for 85% of global emissions. By combining these data with gridded information on production-based carbon emission intensities over the past 30 years, they uncovered significant global patterns of decoupling. A lack of global data on consumption-based emissions at the subnational level means that the study does not reflect the impact of international trade, but nevertheless provides key insights into decoupling patterns across the world.

The researchers also estimated the year in which net-zero emissions could be achieved for each region by looking at past decoupling trends and their impact on emissions. "Developed countries appear likely to fulfil these targets ahead of others, but overall recent trends appear inadequate for achieving the net-zero by mid-century in most regions," concludes co-author Max Kotz PIK guest researcher and PIK scientist at the time the study was conducted. "If current decoupling rates continue, less than half of subnational regions will be able to achieve net-zero carbon emissions by 2050. Therefore, all levels of government need to step up and developed countries in particular should increase their efforts and investment in the energy transition in the countries of the global south in order to meet net-zero targets globally," he stresses.
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Teens who made history with Pythagoras' theorem discovery publish their first academic paper with new proofs | ScienceDaily
In 2022, U.S. high school students Calcea Johnson and Ne'Kiya Jackson astonished teachers when they discovered a new way to prove Pythagoras' theorem using trigonometry after entering a competition at their local high school. As a result, both students were awarded keys to the city of New Orleans, and even received personal praise from Michelle Obama.


						
Today they become published authors of a new peer-reviewed paper detailing their discoveries, published in the journal American Mathematical Monthly.

Pythagoras' famous 2,000-year-old theorem, summarized neatly as a2+ b2= c2, means that you can work out the length of any side of a right-angled triangle as long as you know the length of the other two sides. Essentially, the square of the longest side (the hypotenuse) is equal to the squares of the two shorter sides added together.

Many mathematicians over the years have proved the theorem using algebra and geometry. Yet proving it using trigonometry was long thought impossible, as the fundamental formulae of trigonometry are based upon the assumption that the Pythagorean Theorem is true -- an example of circular reasoning.

Nevertheless, both Johnson and Jackson managed to solve the math problem independently of each other and prove Pythagoras' theory without resorting to circular reasoning -- a feat that has only been managed twice previously by professional mathematicians.

Johnson and Jackson then collaborated to share their work at a regional meeting of the American Mathematical Society in Atlanta in March 2023. Encouraged by their reception, Jackson and Johnson then decided to submit their discoveries for final peer review and publication. Their study outlines five newways of proving the theorem using trigonometry, and a method that reveals five more proofs, totaling ten proofs altogether. Only one of these proofs was previously presented at the conference, meaning that nine are totally new.

"I was pretty surprised to be published" says Ne'Kiya Jackson. "I didn't think it would go this far."

"To have a paper published at such a young age -- it's really mind blowing," agrees Calcea Johnson.




"It's very exciting for me, because I know when I was growing up, STEM [science, technology, engineering, and math] wasn't really a cool thing. So the fact that all these people actually are interested in STEM and mathematics really warms my heart and makes me really excited for how far STEM has come."

In the paper, the authors argue that one of the reasons that trigonometry causes such confusion and anxiety for high school students is that two completely different versions of trigonometry exist and are defined using the same terms. This means that trying to make sense of trigonometry can be like trying to make sense of a picture where two different images have been printed on top of each other.

Jackson and Johnson argue that by separating the two versions, and focusing on just one of them, a large collection of new proofs of the Pythagorean Theorem can be found.

Jackson currently studies at Xavier University of Louisiana and is pursuing a doctoral degree in pharmacy, while Johnson is studying environmental engineering at Louisiana State University's Roger Hadfield Ogden Honors College.

"I am very proud that we are both able to be such a positive influence in showing that young women and women of color can do these things, and to let other young women know that they are able to do whatever they want to do. So that makes me very proud to be able to be in that position," says Johnson.

Commenting on Johnson and Jackson's achievements, Della Dumbaugh, editor-in-chief of American Mathematical Monthly, says, "The Monthly is honored and delighted to publish the work of these two students on its pages.

"Their results call attention to the promise of the fresh perspective of students on the field. They also highlight the important role of teachers and schools in advancing the next generation of mathematicians.

"Even more, this work echoes the spirit of Benjamin Finkel when he founded the Monthly in 1894 to feature mathematics within reach of teachers and students of mathematics."
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Keeping fewer friends protects aging monkeys from diseases | ScienceDaily
Becoming less sociable protects older monkeys from getting ill, new research shows.


						
Many animals, including humans, are known to experience "social ageing" -- reductions in their number of social connections as they get older. But why this happens remains a mystery.

The new study, led by the universities of Exeter and Edinburgh, used long-term data on rhesus macaques on Cayo Santiago -- known as Monkey Island.

They found that older macaques are likely to suffer less from infectious disease, mostly because of their smaller social networks.

The study is published as part of a special issue of Philosophical Transactions of the Royal Society B, guest edited by Professor Lauren Brent from the University of Exeter.

"Social ties bring huge benefits to a vast range of species -- but sociality also comes with costs, including infectious disease risk," said Dr Erin Siracusa, from Exeter's Centre for Research in Animal Behaviour.

"This cost-benefit ratio can change across individuals' lifespans, which may drive changes in social behaviour.




"Older individuals may be more susceptible to diseases -- but once we accounted for that in our data, we found that older macaques suffered lower infection costs than their younger counterparts.

"Our findings suggest a powerful reason why many animals, including humans, might reduce their social connections as they age."

The benefits macaques gained from social ageing depended on the diseases in question.

Unsurprisingly, the benefit was strongest when diseases were highly infectious and were more severe for older macaques.

Dr Matthew Silk, from the University of Edinburgh, said: "Our results point to illness potentially helping to explain why 'social ageing' evolves -- something we are keen to test in future research."

The research was partly funded by the National Institutes of Health and Dr Silk's Royal Society University Research Fellowship.

The study is entitled: "Social ageing can protect against infectious disease in a group-living primate."

The special issue of the journal is called: "Understanding age and society using natural populations."
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Are we missing the mark on biodiversity? 90% of countries ignore key behavior changes | ScienceDaily
There is a yawning gap between national policies to enhance biodiversity and the individual and small group behavioural changes that are critical to making a real difference, according to new research from the University of Surrey. The study finds that 90% of countries with biodiversity conservation policies fail to specify the actions needed from individuals or groups to change their behaviour. Researchers suggest this gap may explain the lack of progress on global conservation targets.


						
As leaders gather at this year's United Nations Biodiversity Conference in Cali, Colombia, a study published in Environmental Science & Policy has found that only 11% of national biodiversity policies explicitly address the critical role of individual behaviour change to meaningfully deliver biodiversity conservation. Even fewer -- just 3% -- offer specific guidance on designing interventions, particularly those that address motivational factors like reflective or automatic motivation.

To boost the effectiveness of biodiversity policies, researchers suggest policies should clearly specify key elements of behaviour change. This includes identifying the behaviours that need to change, the groups responsible for those actions, and the factors that influence their choices. Established tools and techniques exist to deliver the necessary changes in behaviour but are not being systematically deployed in this key element of sustainability.

Dr Melissa Marselle, co-author of the study from the University of Surrey, said:

"Unfortunately, we have collectively developed a major blind spot in biodiversity policies. There's a heavy focus on grand actions such as resource management, but little attention is paid to the everyday behaviours -- like what we consume -- that also drive biodiversity loss.

"By not using proven behavioural science frameworks, we're missing a crucial opportunity to save nature by creating more effective biodiversity policies. As not one global biodiversity target was met in 2020, we desperately need to change this quickly if we are going to meet any global biodiversity targets by the 2030 deadline."

Surrey's researchers analysed 1,306 policies from the National Biodiversity Strategies and Action Plans (NBSAPs) of ten countries. The team then evaluated how these policies addressed individual behaviour change by using the Behaviour Change Wheel model to assess target behaviours, target groups, intervention types, and policy options mentioned in each policy action to conserve biodiversity.




The research defines "individual actors" as people in roles such as:
Dr Melissa Marselle added:




"Biodiversity loss isn't just a distant problem for policymakers -- it affects every one of us. From the food we eat to the air we breathe, nature supports our daily lives, and we need to act now to protect it. If we don't quickly integrate behaviour change into biodiversity policies, we risk further environmental damage that will impact future generations. Governments must start using proven behavioural science tools like the Behaviour Change Wheel to guide individuals and communities in making sustainable choices. We all have a role to play in this, and the time to act is now."

The Convention on Biological Diversity defines biodiversity as: "The variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems."

Project partners for this study include: Helmholtz Centre for Environmental Research, Germany; University of Rio de Janeiro, Brazil; Rouen-Normandy University, France; Ecoscope, Israel; University College London's Centre for Behaviour Change, England
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Dramatic drop in marijuana use among U.S. youth over a decade (2011 to 2021) | ScienceDaily
Marijuana has emerged as one of the most commonly used illicit substances among adolescents in the United States. Given the rising number of states legalizing recreational marijuana for adults and the decreasing perception of risk among adolescents, tracking trends in youth marijuana use is more crucial than ever.


						
Researchers from Florida Atlantic University's Schmidt College of Medicine conducted a comprehensive study using data from the Youth Risk Behavior Survey between 2011 and 2021, which surveyed 88,183 adolescents in grades nine through 12. Researchers focused on the overall time trends in use of marijuana as well as variations by gender, race/ethnicity, and school grade. These data provide important insights into the changing landscape of marijuana use among American youth.

The study, published in the journal Pediatric Reports, reveals that one of the most striking results from the analysis is the significant decrease in the percentage of adolescents reporting current marijuana use. In 2011, 23.1% of adolescents indicated they were current users, but by 2021, this figure had dropped to 15.8%. Additionally, the percentage of adolescents trying marijuana for the first time before age 13 also saw a notable decline, from 8.1% in 2011 to 4.9% in 2021.

In 2021, marijuana use was most prevalent among 12th graders (22.4%), followed by 11th graders (18.7%), with lower usage rates in the earlier grades. From 2011 to 2021, all grades experienced a notable decline in current marijuana use, especially among ninth graders. While there was an overall downward trend over the years, there were slight increases in use in 2013 and again in 2019.

"While we observed an overall decline from 2011 to 2021 across all grades, older students consistently reported higher usage, particularly 12th graders. This suggests that as adolescents advance through high school, they may have greater access to marijuana, influenced by more developed peer networks and increased independence," said Panagiota "Yiota" Kitsantas, Ph.D., corresponding author and professor and chair of the Department of Population Health and Social Medicine, FAU Schmidt College of Medicine. "This trend highlights the need for targeted interventions aimed at older adolescents, who are at a greater risk of regular marijuana use."

One of the most significant findings of this study is the shift in trends by gender, with girls surpassing boys in reported marijuana use by 2021. In 2021, girls reported a higher prevalence of current marijuana use (17.8%) than boys (13.6%). This marks a significant change from 2011 when boys were more likely to use marijuana (25.9%) compared to girls (20.1%). The convergence of usage rates among genders highlights an evolving dynamic that could reflect broader societal changes in attitudes toward marijuana.

The researchers also found variations among Asian, Hispanic and white adolescents, who experienced some of the steepest declines in current use. In 2021, however, Black adolescents reported a notably higher percentage of current marijuana use at 20.5%, compared to their white (14.8%), Hispanic (16.7%), and Asian (5.1%) counterparts. This indicates a persistent racial disparity in marijuana use among adolescents that warrants further examination.




"In the U.S. the current landscape of marijuana legalization in adults adds a complex layer to the issues of adolescent marijuana use. As more states continue to legalize recreational marijuana, the accessibility and perceived normalcy of the drug may increase, particularly for adolescents who may view its legal status as an indication of safety or acceptability," said Charles H. Hennekens, M.D., FACPM, co-author, the first Sir Richard Doll Professor of Medicine and Preventive Medicine in the departments of medicine and population health and social medicine, and senior academic advisor, FAU Schmidt College of Medicine. "Research suggests that marijuana legalization in adults can influence adolescent behavior through their perceptions of less risk as well as increased availability, both of which may impede efforts to reduce adolescent use."

The authors emphasize the importance of interventions like parental communication, supervision and modeling, alongside schools offering effective health education and fostering a positive school climate, to sustain the decline in adolescent marijuana use.

Findings from the study highlight the need for ongoing monitoring and intervention strategies to address marijuana use among U.S. adolescents. By focusing on the specific needs of various demographic groups, including different grade levels, genders and racial/ethnic communities, public health initiatives can more effectively address the risks associated with adolescent marijuana use and foster healthier outcomes for future generations.

Regular or heavy marijuana use during adolescence can adversely affect cognitive development, leading to poor learning, working memory issues, and attention deficits, regardless of educational background or verbal intelligence. Adolescents who use marijuana are two to three-and-a-half times more likely to have lower grade point averages and face a fourfold increase in psychosis diagnoses in adulthood. Research shows that marijuana use disrupts brain function by reducing synaptic pruning, resulting in increased gray matter volume and decreased communication efficiency in higher-order brain areas.

Study co-authors are Jack Yang, first author and a second-year FAU medical student; Maria C. Mejia, M.D., a professor; and Lea Sacca, Ph.D., an assistant professor, both within the Department of Population Health and Social Medicine, FAU Schmidt College of Medicine.
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Psychologists develop tool to assess narcissism in job candidates | ScienceDaily
It feels like narcissism is everywhere these days: politics, movies and TV, sports, social media. You might even see signs of it at work, where it can be particularly detrimental. Is it possible to keep a workplace free of destructive, manipulative egotists?


						
More and more organizations have come to San Francisco State University's experts in organizational psychology asking for help doing just that. In response, University researchers developed a tool for job interviews to assess narcissistic grandiosity among potential job candidates. San Francisco State Psychology Professors Kevin Eschleman and Chris Wright and four student researchers led the project, published in the Journal of Personality Assessment.

"We focused on narcissism because it's one of the most commonly talked about characteristics of people. Really, it represents a lot of things that can go bad in terms of a team," Eschleman said. "But it's a characteristic that is very attractive in the short-term. [Narcissists] often have tendencies to be very goal-oriented and are often very successful. There's a lure to somebody who is high in narcissism."

The tool developed by the SF State researchers -- the Narcissism Interview Scale for Employment (NISE) -- is a set of behavioral and situational questions that can be incorporated into a job interview. One question asks respondents to describe their approach to leading a team. Another asks how candidates would procced if they disagree with a plan that the rest of their team likes -- and the project requires unanimous consent to move forward. Interviewers are trained to rate candidate responses, providing a more scientific and consistent way to evaluate a candidate's propensity for narcissistic grandiosity.

The project started four years ago when Eschleman noticed an uptick in organizations asking about effective teams, candidate selection and how to avoid "bad apples." It's easy for organizations to be enticed by how a candidate's skills appear on paper, but failing to properly consider personality might derail team-oriented environments, Eschleman notes. Employees with narcissistic grandiosity tend to have inflated views of self and make self-focused and short term-focused decisions instead of considering long-term organizational needs. They may also abuse and try to protect their sense of power and control, he adds.

"This isn't a categorical diagnosis," Eschleman clarified, noting that everyone probably falls somewhere on the continuum of narcissism. "What we're looking at are people's consistencies over time. It's how they view themselves or how others view them consistently over time. Do they engage in these actions consistently?"

The authors acknowledge that this assessment is not a perfect science. There are many other factors in building a successful team and healthy work environment. But they hope their tool will increase the odds for success.




While the researchers have been studying these topics for years, they wanted to make sure their tool was easy to use and could be adapted by different work environments. It is why they focused on job interviews, something accepted and considered appropriate by both organizations and applicants in the hiring process.

Sharon Pidakala (M.S., '22), one of the study authors, is now a People & Development Manager at Lawyers On Demand in Singapore. Her work involves talent acquisition, culture, development, organizational policies and employee engagement.

"I've been grateful to put my research into daily use. It's really important to make sure that these questions are not outrightly direct because you don't want it to look like you're asking someone, 'Are you a narcissist?'" explained Pidakala, whose SFSU thesis focused on developing the NISE tool. "These questions are raised in a way to make it look favorable for the candidate."

Pidakala came to SF State specifically to get this type of training. With an undergraduate background in psychology, she sought specialized training in organizational psychology to further refine and expand her expertise in the field.

"Attending SF State and studying organizational psychology has been incredibly valuable, equipping me with versatile skills that can be applied globally," she said.
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Studying Wikipedia browsing habits to learn how people learn | ScienceDaily
At one point or another, you may have gone online looking for a specific bit of information and found yourself "going down the Wiki rabbit hole" as you discover wholly new, ever-more fascinating related topics -- some trivial, some relevant -- and you may have gone so far down the hole it's difficult to piece together what brought you there to begin with.


						
According to the University of Pennsylvania's Dani Bassett, who recently worked with a collaborative team of researcher to examine the browsing habits of 482,760 Wikipedia readers from 50 different countries, this style of information acquisition is called the "busybody." This is someone who goes from one idea or piece of information to another, and the two pieces may not relate to each other much.

"The busybody loves any and all kinds of newness, they're happy to jump from here to there, with seemingly no rhyme or reason, and this is contrasted by the 'hunter,' which is a more goal-oriented, focused person who seeks to solve a problem, find a missing factor, or fill out a model of the world," says Bassett.

In the research, published in the journal Science Advances, Bassett and colleagues discovered stark differences in browsing habits between countries with more education and gender equality versus less equality, raising key questions about the impact of culture on curiosity and learning.

"We observed that countries that had greater inequality, in terms of gender and access to education, had people who were browsing with more intent -- seeking closely related information, whereas the people in countries that had more equality were browsing expansively, with more diversity in topics -- jumping from topic to topic and collecting loosely connected information," Bassett says. "While we don't know exactly why this is, we have our hunches, and we believe these findings will prove useful in helping scientists in our field better understand the nature of curiosity."

This work builds on a previous study led by assistant professor in the Annenberg School for Communication David Lydon-Staley, who was a postdoctoral researcher in Bassett's Complex Systems Lab at the time.

In that paper, the team had 149 participants from Philadelphia browse Wikipedia for 15 minutes a day for 21 days. In the course of that study, they identified the two curiosity styles, which were predicted by Perry Zurn, one of the new paper's coauthors and a professor of philosophy at American University and currently a visiting professor at Cornell University, who studied and analyzed literature from over the last two millennia to home in those these styles of curiosity.




"Beginning this line of work in a small sample allowed us to work out the methods needed to capture the complex information-seeking that accompanies curiosity," Lydon-Staley says. "Working out those methods then allowed us to scale up and ask whether we could confirm that the styles we observed could be found outside of our sample of Philadelphians."

Working with Martin Gerlach of the Wikimedia Foundation, who had data of more than two million human browsers, "allowed us to apply our existing methods, and develop new methods, to capture styles of curiosity emerging across 14 different languages of Wikipedia and 50 different countries or territories," Lydon-Staley says.

The three hunches

The researchers cite three main hypotheses driving the associations between information-seeking approaches and equality.

"One is that it's possible that countries that have more inequality also have more patriarchal structures of oppression that are constraining the knowledge production approaches to be more Hunter-like," says Bassett. "Countries that have greater equality, in contrast, are open to a diversity of ideas, and therefore a diversity of ways that we're engaging in the world. This is more like the busybody -- the one that's moving between ideas in a very open-minded way."

A second possibility the researchers outline is that browsers go to Wikipedia for different purposes in different countries, citing how someone in a country with higher equality may be going to the site for entertainment or leisure rather than for work.




And the third potential explanation is that people in different countries who come to Wikipedia may have different ages, genders, socioeconomic status, or educational attainment, and that those differences in who's actually coming to Wikipedia may explain the differences in the browsing patterns.

Making connections

One of the most exciting findings of the study was the confirmation of a third curiosity style -- the "dancer," which had previously only been hypothesized based on Zurn's research on historical texts.

"The dancer is someone who moves along a track of information but, unlike the busybody, they make leaps between ideas in a creative, choreographed way," says Zurn. "They don't jump randomly; they connect different domains to create something new."

This curiosity style shows a degree of creativity and interdisciplinary thinking, offering a new perspective on how people engage with information. "It's less about randomness and more about seeing connections where others might not," Bassett says.

"What this tells us is that people -- and likely children -- have different curiosity styles, and that might affect how they approach learning," Bassett says. "A child with a hunter-like curiosity may struggle if assessed using methods that favor the busybody style, or vice versa. Understanding these styles could help us tailor educational experiences to better support individual learning paths."

Where curiosity may lead next

Looking ahead, the team seeks to explore the factors influencing these curiosity styles.

"One question I'm particularly interested in is whether people browse differently at different times of day -- perhaps they're more hunter-like in the morning and more like busybodies in the evening," says Bassett.

"This opens up new research avenues, including the role of biological processes in shaping how we seek information," says Shubhankar Patankar, another author on the paper and a doctoral student in Penn Engineering. He is also keen to understand the implications of the work for AI. "Imparting notions of curiosity to AI systems learning from interactions is an increasingly important area of research," Patankar says.

The team aims to explore the motivations behind Wikipedia browsing, examining whether users are driven by extrinsic factors, like work, or intrinsic curiosity, like personal interest. Additionally, they are considering expanding their analysis to include other digital platforms where learning and exploration naturally occur.

"Wikipedia is a very special place on the internet," Lydon-Staley says. "The site features exclusively free content and no commercial advertisements. Much of the rest of the contemporary digital landscape is designed to activate individuals' buying impulses and customizes our media content. This raises the question of how much we are in charge of where our curiosity takes us in online contexts beyond Wikipedia."

Dani S. Bassett is the J. Peter Skirkanich Professor at the University of Pennsylvania with a primary appointment in the School of Engineering and Applied Science's Department of Bioengineering and secondary appointments in the School of Arts & Sciences' Department of Physics & Astronomy, Penn Engineering's Department of Electrical and Systems Engineering, and the Perelman School of Medicine's Departments of Neurology and Psychiatry.

Martin Gerlach is a senior research scientist for the Wikimedia Foundation.

David Lydon-Staley is an assistant professor of communication and principal investigator of the Addiction, Health, & Adolescence Lab in the Annenberg School for Communication at Penn.

Shubhankar Patankar is a Ph.D. student at Penn Engineering.

Dale Zhou was a Ph.D. student in the Perelman School of Medicine who is now a postdoctoral researcher at the University of California at Irvine.

Perry Zurn is an associate professor and director of undergraduate studies in philosophy at American University in the College of Arts and Sciences' Department of Philosophy and Religion.

This research received support from the George E. Hewitt Foundation for Medical Research, the Center for Curiosity, and the National Institute of Health (Grant K01 DA047417).
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Move along, moose: Study reveals the 'most Canadian' animals | ScienceDaily
What is the "most Canadian" animal? Spoiler: it's not the beaver, or the moose.


						
Published today in the journal The Canadian Field-Naturalist, the study from a team of Simon Fraser University researchers ranks, for the first time ever, species of terrestrial vertebrates in Canada by their level of Canadian evolutionary distinctness: the amount of time animals have evolved independently from other Canadian species.

High ranked species have no close national relatives and can embody up to a hundred million years of evolution shared with none other in the country.

The study found that, overall, amphibians and reptiles are Canada's most evolutionarily distinct species, with Apalone spinifera -- better known as the spiny softshell turtle -- being the most evolutionary distinct terrestrial animal in the land.

According to the study, the most nationally evolutionary distinct animals by taxonomic group are:
    	Spiny Softshell Turtle (turtles)
    	Mudpuppy (amphibians)
    	Northern Alligator lizard (reptiles)
    	Virginia Opossum (mammals)
    	Belted Kingfisher (birds)
    	Pond Slider (exotic species)

"We weren't surprised by the Opossum," says Emma Kominek, a master's student who collated the lists. "It's Canada's only Marsupial. But the aquatic mudpuppy salamander? That was interesting."

The authors considered all known Canadian vertebrates (222 mammal, 674 bird, 48 amphibian and 49 reptile living species) and created Top 20 lists for each group based on their national evolutionary distinctiveness (ED) scores.




Researchers measure ED by tracing a species' entire family tree. The further back in time a species connects to its family tree and the fewer relatives it has overall, the higher its ED score. For these national scores, the researchers considered just the species found in the country.

All the animals in the Top 20 rankings have long evolutionary histories and all have biological features that can't be found in any other species in Canada. Such species contribute more to the Canadian Tree of Life, an important concept in biology illustrating the history of life on earth.

"Conservation of species at risk is often done at the national level," says SFU biological sciences professor Arne Mooers, who sits on the Committee on the Status of Endangered Wildlife in Canada, and who led the research. "So, it made sense to consider our national evolutionary heritage in this way."

In the face of current pressures on biodiversity -- such as climate change, habitat loss and limited resources available for conservation -- Mooers says the study can serve as a new tool to help national policy-makers prioritize which species to focus conservation efforts on.

Researchers also rated the distinctness of exotic species; animals that are not native to Canada, but that have been introduced as a result of human activity. Exotic species are not currently considered suitable targets for conservation, but researchers were surprised to find that seven exotic animals cracked the Top 20 National lists.

"Some of these exotic species -- like the European Wall Lizard -- come from far away, so it makes sense they have no relatives in Canada" said Mooers. "But we were surprised to see the wild horse and feral pig high in the list." In the future, Mooers added, there could be value in considering exotic species as part of Canada's biodiversity.

And what of the mighty beaver's place as a national icon?

Parks Canada won't have to pull its likeness from its logos anytime soon.

Two species of beaver still cracked the Top 20 list as Canada's most distinct mammals: the ironically named American beaver and the mountain beaver at numbers three and six, respectively.
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Political polarization poses health risks, new analysis concludes | ScienceDaily
News coverage of the 2024 election season has often centered on how partisan division has affected our politics. But a new analysis shows that political polarization also poses significant health risks -- by obstructing the implementation of legislation and policies aimed at keeping Americans healthy, by discouraging individual action to address health needs, such as getting a flu shot, and by boosting the spread of misinformation that can reduce trust in health professionals.


						
"Compared to other high-income countries, the United States has a disadvantage when it comes to the health of its citizens," says Jay Van Bavel, a professor in New York University's Department of Psychology and an author of the analysis, which appears in the journal Nature Medicine. "America's growing political polarization is only exacerbating this shortcoming."

But despite the challenges of political polarization, the analysis, which considered more than 100 experimental papers and reviews, pointed to potential ways to both minimize its impact on Americans' health and promote health-care practices.

"Division is a major problem and the one real solution is trust. Public health agencies need to work with trusted voices and leaders, being proactive at sharing information, engaging questions, and not writing off concerns as irrelevant," says Kai Ruggeri, a professor at Columbia University's Mailman School of Public Health and one of the paper's authors. "In a time when some people look less to doctors and more to prominent figures for information on decisions related to our health, the best steps involve engaging directly with those voices."

The analysis, which also included Eric Knowles, a professor in NYU's Department of Psychology, and Shana Kushner Gadarian, a professor in Syracuse University's Department of Political Science, considered Americans' views of the opposite party over four decades, health-related behaviors during the coronavirus pandemic, and comparative data from other countries.

Over the past four decades, the paper's authors note, partisan animosity has steadily increased in the US. By 2020, Americans were much more likely to say they "hate" the opposite party than they were to say they "love" their own party; by contrast, from 1980 through 2008, Americans were more likely to say they loved their own party than they were to say they hated the opposite party -- though "party love" relative to "opposite party hate" has drawn closer virtually every year since 1980, becoming approximately even in 2012 and with "hate" surpassing "love" beginning in 2016.

In their analysis and review of previous studies, the paper's authors also examined a range of health-care related studies, which showed the following:
    	As individuals move further from the political center -- in either direction -- there is a deterioration in individual and public health, such as trust in medical expertise, participation in healthy behaviors, and preventive practices, ranging from healthy diets to vaccination. Notably, individuals who are more ideologically extreme than their state's average voter have worse physical and mental health.
    	Polarization affects what health information people are willing to believe and shapes the relevant actions they are willing to take. This may mean disregarding accurate information or believing misinformation -- depending on whether or not it comes from sources they are aligned with or disagree with.
    	Political leaders, inside and outside the US, may make public health worse by linking health behavior to partisan identity rather than medical needs or expert advice, thereby undercutting the role of expertise and ignoring approaches grounded in science, often leading to attacks on medical professionals and the healthcare system.
    	Republicans were less likely to enroll in marketplace insurance plans through the Patient Protection and Affordable Care Act ("Obamacare") than were Democrats after most of its provisions took effect a decade ago. These differences have been linked to excess sick days from work, higher healthcare premiums, and higher mortality rates.
    	As policy polarization at the state level has increased over time, so has the difference in lifespan and health across states -- Americans who live in states with more progressive social policies, such as generous Medicaid coverage, higher taxes on cigarettes, more economic support (e.g., a higher minimum wage), and more firearm regulations live longer than their counterparts in states that embrace more conservative policies.
    	After the Trump administration and other Republican leaders expressed skepticism regarding COVID-19 prevention behaviors, partisan elites and news sources amplified this belief and polarized Republicans readily accepted it: large gaps in distancing and then vaccination rates between Republicans and Democrats widened during the pandemic, even as evidence mounted about the risks.
    	These differences were not limited to the US: a previous study of 23 European countries found that national levels of partisan polarization accounted for nearly 39% of the variation in vaccination levels.
    	Notably, another study of 67 countries found almost no correlation at all between left/right political ideology and support for public health recommendations, suggesting that polarization, rather than political ideology, was the greater risk factor to their citizens' health.

The authors write that "although polarization is a risk factor for disease and mortality in a public health crisis, this outcome is not inevitable." They point to a study comparing the US and Canada that suggests policy and leadership decisions can mitigate the potential harm from polarization. Although both nations were politically polarized at the onset of the pandemic, research found that political leaders in Canada took a different approach to those in the United States and also experienced a significantly lower level of illness and mortality.

This and other studies point to specific approaches public officials and health-care professionals can take, which the Nature Medicine authors outline:
    	Highlight shared identities between public health officials and target populations -- these can include shared partisan identities, nonpartisan identities, or national identities.
    	Communicate information about how many people are following public health guidelines -- instead of focusing on people who are failing to follow it.
    	Use trusted civic leaders -- such as religious, athletic, and military spokespersons -- to expand and supplement health messages from local and national leaders and reach diverse communities.
    	Debunk misleading or false information using fact checks, pre-bunking, and other validated strategies

"Polarization is not only an American concern, but one that is increasing in many countries," says Syracuse's Gadarian. "This means we should be investing more in understanding and diminishing its impact on public health by encouraging collaborations between medical professionals and social scientists."
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Barriers prevent everyone enjoying nature equally | ScienceDaily
A major international study involving 56,968 adults, aged 18 to 99, has found that levels of nature connectedness and nature exposure are associated with several socioeconomic and demographic factors.


						
Higher scores were significantly associated with being female, being older, having greater financial security, living in a rural location, being in a committed relationship, having a higher level of education, and being in a racial majority in that country.

The research, published in the Journal of Environmental Psychology, was led by Professor Viren Swami of Anglia Ruskin University (ARU) and involved over 250 academics from over 60 countries.

The Connectedness to Nature Scale asks participants to rate statements, such as "I often feel a sense of oneness with the natural world around me," "I have a deep understanding of how my actions affect the natural world," and "I often feel part of the web of life."

Data for some countries was separated into different languages -- for example English and French responses from Canada -- providing 65 national groups. Nepal, Iran, and South Africa were the top three nations for connectedness to nature, while Israel (63rd), Japan (64th), and Spain (65th) were at the bottom of the rankings. The UK was 59th out of 65 national groups surveyed.

The UK scored better on the Nature Exposure Scale, which measures people's contact with nature around their home and work, their recreational visits, and their nature awareness.

Bosnia and Herzegovina, Croatia, and Lithuania were the leading three countries, with the top 10 nations on the Nature Exposure Scale all European, with the exception of French-speaking Canadians. The UK was 31st out of 65, and the bottom three nations were Lebanon, South Korea and, finally, Brazil.




Lead author Viren Swami, Professor of Social Psychology at Anglia Ruskin University (ARU) in England, said: "Spending time in a natural environment can provide a number of really important benefits.

"My previous research has shown how being in green spaces, 'blue' environments, such as by rivers or the coast, and even snowy landscapes can improve different facets of psychological well-being and mental health, and of course there are physical health benefits from spending time outdoors in nature.

"The evidence that being in nature is good for you is undeniable, but crucially this new study shows that exposure to nature and levels of connectedness to nature are not enjoyed equally by different nations or across different social groups.

"The significant associations with financial wealth, being better educated, and being part of the racial majority within a particular country reflects known socioeconomic inequities in terms of lack of access to natural environments. Racial minorities may also experience natural environments differently, for example in terms of a sense of belonging, and this can impact on people's attitude to nature and their desire to access it.

"Unfortunately, barriers to accessing nature exist in countries across the world and it is important these barriers are broken down to allow people from all backgrounds to access and enjoy the benefits of natural spaces."
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Curbing air pollution control devices would cost thousands of lives and billions of dollars | ScienceDaily
A new commentary found that power plants' use of these devices saved up to 9,100 lives and up to $100 billion in health costs in 2023. These estimates reveal the substantial health benefits that could be at stake if the next presidential administration implements policies that aim to weaken the Clean Air Act and limit the regulatory authority of the EPA.


						
Air pollution control devices (APCDs) prevented up to 9,000 deaths and saved up to $100 billion in health costs in 2023, according to new estimates published in an American Journal of Public Health editorial.

But these public health benefits will be sharply reduced in future years if a future presidential administration implements the environmental policies outlined in Project 2025 and the America First Agenda, write researchers from Boston University School of Public Health (BUSPH), the Sierra Club, the Institute for the Environment at the University of North Carolina at Chapel Hill, and Columbia University Mailman School of Public Health.

Both far-right policy platforms are gunning to dismantle environmental regulations, including by weakening the Clean Air Act, the bedrock 1970 federal law that gives the Environmental Protection Agency (EPA) the authority to regulate emissions of major air pollutants at power plants. Thanks to EPA policies that require or encourage power plants to use APCDs, SO2 emissions decreased by 93 percent and NOx emissions dropped by 87 percent between 1995 and 2022, translating into a massive decline in coal-related excess deaths, from 40,000 in 2000 to 1,600 in 2020, the commentary states.

If Project 2025 and/or the America First Agenda federal policy platforms are adopted by the next administration, APCD use could plummet and severely jeopardize the health of the public, the authors argue.

"Air pollution control devices and other provisions of the Clean Air Act are a bedrock part of the public health infrastructure in the United States," says Dr. Jonathan Buonocore, assistant professor of environmental health at BUSPH, and lead author of the commentary. "This work serves to remind us how important the Clean Air Act is, and that there are big public health benefits to protecting or strengthening it."

To capture the environmental and health ramifications from a potential reduction in APCD use if Project 2025 or the America First Agenda is enacted, the team calculated changes in SO2 and NOx emission levels based on a hypothetical "worst-case" scenario in which power plants ceased use of existing APCDs.




The researchers estimated that SO2 reductions would be 2.9 times higher and NOx reductions would be 1.8 times higher if power plants -- many of which are coal-fired -- stopped operating APCDs. The team used a reduced complexity model to estimate the health benefits from emissions reductions if APCD use continued at these plants. They found that, in 2023, APCDs at power plants captured about 1.2 million tons of SO2 and 1 million tons of NOx emissions, which would prevent between 3,100 and 9,000 premature deaths in 2023 and save between $35 billion and almost $100 billion in health costs.

"Power plants are not the highest contributors to air pollution-related public health risk anymore in the US, thanks to federal policies that drastically reduced the emissions of SO2 and NOx from this sector over this time period," says Saravanan Arunachalam, Deputy Director, Institute for the Environment at the University of North Carolina at Chapel Hill. "Any future efforts to weaken the Clean Air Act may elevate this sector back to the top again, and further increase the overall disease burden for Americans."

Even with these substantial health benefits, these models underestimate the additional health benefits of a reduction in emissions from APCD use, including lower risks of stroke, heart attacks, and asthma in adults, as well as low birth weight, preterm births, asthma onset, and other respiratory or developmental issues in children, the authors point out.

Although these health benefits are nationwide, the highest benefits occurred from emissions reductions at power plants in Appalachia, the Midwest, and the Mountain West. More than 85 percent of these reductions were attributed to a sharp decline in SO2, mostly from coal-fired plants. While the researchers note it is unlikely that future policy changes would eliminate all APCD use, these new estimates quantify the health consequences that are at stake -- as well as the future health benefits that could remain -- depending on changes to the EPA's authority under a potentially weakened Clean Air Act.

"Health benefits from APCDs may be concentrated in specific locations, but these results show that strong environmental regulations benefit everyone," says Dr. Mary Willis, assistant professor of epidemiology at BUSPH.

Importantly, any future policies that strip the EPA of its current regulatory authority would also exacerbate racial inequities in health and likely curtail other climate policies at all levels of government, the authors write. Policies that reduce APCD use would heavily burden environmental justice communities, a majority of which are people of color or low-income populations who already experience the harms of other environmental hazards at disproportionate rates. Increases in power plant air pollution emissions would also offset gains in cities with climate action plans driving reductions in greenhouse gas emissions through the electrification of buildings and transportation.




The authors point out that federal policies that strip regulatory authority for harmful practices can lead to near-term health consequences.

"These misguided plans to unravel pollution protections and undermine the Clean Air Act would jeopardize the health and safety of millions," says Jeremy Fisher, principal advisor on climate and energy for the Sierra Club. "Lives are on the line and the American people deserve more thorough accountability and oversight of polluting power plants, not less."

Air pollution policy and climate policy are ultimately health policy, says Dr. Jonathan Levy, chair and professor of the Department of Environmental Health at BUSPH and senior author of the commentary. "These policy platforms targeting the EPA threaten to take us backward and make Americans less healthy."

The commentary was also coauthored by Dr. Frederica Perera, professor emerita of environmental health sciences and special research scientist in the Department of Environmental Health Sciences at Columbia Mailman School of Public Health; Dr. Daniel Prull, deputy director of research, strategy and analysis for the Sierra Club; Dr. Patrick Kinney, Beverly Brown Professor of Urban Health at BUSPH; and Brian Sousa, research data analyst in the Department of Environmental Health at BUSPH.
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'The way to a man's heart disease': Can social expectations of masculinity be bad for cardiovascular health? | ScienceDaily
Cardiovascular disease remains a top cause of sickness and death in the U.S. and worldwide. Doctors and researchers have it especially high on their radar because it's more modifiable and preventable than many other diseases and causes of death.


						
Importantly, though, modification and prevention rely on early detection and mitigation of risk factors like hypertension and high cholesterol. Unfortunately, detection and mitigation are suboptimal throughout the U.S. population: Experts estimate that up to 75% of young adults who have risk factors such as hypertension and high cholesterol are unaware of their conditions.

A recent study led by researchers at the University of Chicago found that boys and men who enact behaviors more closely aligned with stereotypical gender norms in their social environment are less likely to report receiving diagnoses or treatment for cardiovascular disease risk factors. Their findings build on existing research showing that sociocultural pressures to perform male gender identity are linked to detrimental health-related behaviors, such as substance use and rejection of medical therapies and recommendations.

"It's well known that male gender and male sex are associated with lower help-seeking for a range of health conditions -- especially mental health and primary care. But previous studies haven't probed further into the social processes through which male gender is iteratively created through an interplay between the individual and their surroundings," said Nathaniel Glasser, MD, a general internist and pediatrician at UChicago Medicine and lead author on the paper. "In this new paper, we used innovative measurement techniques to look at the construction of male gender and how it's associated with cardiovascular disease prevention."

Glasser and his colleagues analyzed data from Add Health, a nationally representative, longitudinal study that collected health measurements and survey responses from more than 12,300 people at multiple points over the course of 24 years (1994-2018). They quantified Add Health participants' male gender expressivity by identifying a subset of survey questions that were answered most differently by self-identified male versus female participants, then measuring how closely male participants' answers to those questions matched those of their same-gendered peers.

"When we talk about gender expression, we're not looking at anything physiologic that could be affected by the Y chromosome," Glasser pointed out. "We're purely focused on self-reported behaviors, preferences and beliefs, and how closely these reported behaviors and attitudes resemble those of same-gendered peers."

Zeroing in on cardiovascular disease, the researchers compared the Add Health biological measurements with health-related survey responses to see if men with detectable risk factors like high blood pressure reported receiving diagnoses or treatment for those conditions. They found that men who showed more stereotypical gender expression were significantly less likely to report that a healthcare professional had ever told them about certain cardiovascular disease risk conditions. Even when these men did report having previously received a diagnosis, they were still less likely to report that they were taking medication to treat these conditions.




The risk factors examined in the study are all conditions that would normally be detected by screenings that are part of basic primary care. It's unclear whether the decrease in reported diagnosis and treatment among those with higher male gender expression indicates that men aren't going in to get screened; that they aren't paying attention to their diagnoses even when they do get screened; or that they are simply downplaying their diagnoses when asked about them. Whatever the underlying reason, the findings highlight a missed opportunity to prevent or alleviate serious cardiovascular conditions later in life.

"Our hypothesis is that social pressures are leading to behavioral differences that impact cardiovascular risk mitigation efforts, which is concerning because it could be leading to worse long-term health outcomes," Glasser said.

Ultimately, the authors see the implications of this research reaching far beyond the topic of traditional masculinity.

"We're seeing how pressures to convey identity -- whether it's rooted in gender, race, sexuality or something else -- impact health behaviors," Glasser said. "Fitting in and achieving belonging is a complicated task, and we feel strongly that increased societal sympathy, empathy and patience for others undertaking that task would be good for people's health."
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Ripples of colonialism: Decarbonization strategies perpetuate inequalities in human rights | ScienceDaily
A University of Michigan study of a city in the Democratic Republic of Congo finds that the necessary process of decarbonization is repeating and recreating colonial inequalities.


						
The researchers argue that human rights abuses associated with contemporary cobalt mining, such as child labor, social displacement and structural marginalization, are new forms of old colonial practices. Their study is published in the journal Cities.

"We show how those colonial practices emerged through the creation of mining companies and through the establishment of the city of Lubumbashi. We also show that the mining boom for copper and cobalt is a new form of these old practices," said lead author Brandon Marc Finn, an assistant research scientist at the U-M School for Environment and Sustainability.

"We need these minerals for decarbonization, but I also think it's important for us to understand and confront that in pursuing these materials, there are models of neocolonialism that play out on the ground."

Lubumbashi is the capital of the Democratic Republic of Congo's southernmost province, Haut-Katanga. Originally named Elisabethville, Lubumbashi was founded in 1910 by Belgian colonialists. The city was established because of its proximity to natural resources, especially copper.

Finn and co-author Patrick Cobinnah of the University of Melbourne wanted to trace the roots of colonialism in Lubumbashi to tie them to contemporary practices. In poring through historical documents, the researchers found that just as in the city's inception, mining today relies on the use of child labor -- workers who mine by hand in dangerous conditions -- and that wealth derived from the mining industry flows to political elites and foreign mining companies.

The use of child labor for mining is older than the city itself, the study found. Finn cites a decree from 1890, signed by Belgian King Leopold II, which gave the Belgian government officials guardianship over orphaned or allegedly abandoned children. In exchange for "maintenance, food, lodging and free medical attention," these children were conscripted into work at the discretion of the Belgian state until they were 25 years old.




Much of this work was likely in pursuit of commodities such as mining copper from the region or extracting rubber elsewhere in the country. Belgian colonial control of the city also laid the foundation for who owned the land -- in this case, a Belgian mining company that snapped up vast swaths of land. Within the city's 20 years, the region became the fifth-largest exporter of copper in the world, helping to electrify the world.

Later in the 20th century, Lubumbashi played an important role in uranium mining, Finn says. Building on the book "Spies in the Congo" by Susan Williams, Finn links the same mining company (UMHK) that owned the copper concessions to the uranium deposits used in the Manhattan Project. This program used Congolese uranium to produce the atomic bombs dropped on Japan in 1945. Some of this uranium was dug by hand -- just as many small-scale miners today dig minerals from the earth by hand or go through mining waste piles in the DRC.

Today, the city is near another material critical to global decarbonization: cobalt. Cobalt is necessary for many lithium-ion batteries in electric vehicles and renewable energy systems. In 2020, the southern DRC produced more than 69% of the world's total mined cobalt. In the same year, approximately 2% of the DRC's cobalt-mined output came from child labor.

Artisanal and small-scale miners in the Congo still sort and extract minerals by hand, Finn says. Most of the cobalt mining workforce in the DRC -- estimates suggest as much as 98% -- stems from labor intensive "artisanal" mining, which produces 9%-20% of the national cobalt production. Finn cites research that finds that contemporary miners and mining communities in Katanga have lower life expectancies and increased infant mortality, and higher rates of HIV, tuberculosis and respiratory disorders.

"It's important to trace the lineage of those mining practices and socioeconomic inequalities back to the early colonial era. We need these minerals for decarbonization, but we need to fight against neocolonial arrangements that exist on the ground," he said. "If decarbonization is to be equitable, we must contend with justice across space and time. This region has had an outsized influence on global geopolitical events."

Finn argues that as the world considers decarbonization, we must also be concerned with the people and places that have historically been involved in the extraction of minerals for global consumption. "We can be pro-decarbonization while still urgently bringing attention to neocolonial modes of extraction and exploitation."

"I think we need to address these kinds of bigger structural problems. It's important to hold Congolese political elites to account," he said. "And Swiss, South African, and Chinese mining companies that are often backed by the Chinese state are extracting at an increased pace without distributing enough wealth or skills back to local people, and I think they deserve strong critique. We should embrace decarbonization, but make sure it does not occur through neocolonialism."
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Millions in the U.S. may rely on groundwater contaminated with PFAS for drinking water supplies | ScienceDaily
Approximately 71 to 95 million people in the Lower 48 states -- more than 20% of the country's population -- may rely on groundwater that contains detectable concentrations of per- and polyfluoroalkyl substances, also known as PFAS, for their drinking water supplies. These findings are according to a U.S Geological Survey study published Oct. 24.


						
The predictive model results can help members of the public, water suppliers and regulators understand the potential for PFAS contamination, guide future studies and inform strategic planning for water resources.

USGS scientists are the first to report national estimates of PFAS occurrence in untreated groundwater that supplies water to public and private wells. This research also provides the first estimate of the number of people across the country who are potentially affected by PFAS-contaminated groundwater.

Along with a scientific report, the USGS published an interactive, online map so users can see probability estimates of PFAS occurrence. Note that predictive results are intended to be evaluated at state, regional and national scales rather than at individual household levels. Probability estimates are for the presence of PFAS in groundwater and do not account for any subsequent actions taken by states, municipalities or individuals to treat drinking water. The model does not include estimates of PFAS concentrations; testing is the only way to confirm the presence of contaminants.

Exposure to certain PFAS may lead to adverse health risks in people, according to the U.S. Environmental Protection Agency. PFAS are a group of synthetic chemicals used in a wide variety of common applications, from the linings of fast-food boxes and non-stick cookware to fire-fighting foams and other purposes. PFAS are commonly called "forever chemicals" because many of them do not easily break down and can build up over time, making them a concern for drinking water quality.

"This study's findings indicate widespread PFAS contamination in groundwater that is used for public and private drinking water supplies in the U.S.," said Andrea Tokranov, USGS research hydrologist and lead author of this study. "This new predictive model can help prioritize areas for future sampling to help ensure people aren't unknowingly drinking contaminated water. This is especially important for private well users, who may not have information on water quality in their region and may not have the same access to testing and treatment that public water suppliers do."

The EPA has established legally enforceable levels, called maximum contaminant levels, for six types of PFAS in drinking water. The EPA regulates public water supplies, and some states have additional regulations for drinking water. Some homes use private water supplies, where residents are responsible for the maintenance, testing and treatment of their drinking water. Those interested in treatment processes and testing options can read EPA's guidance or contact their state officials or water supplier.




The states with the largest populations relying on public water supplies with potentially contaminated groundwater sources are Florida and California. Regarding private wells, Michigan, Florida, North Carolina, Pennsylvania, New York and Ohio have the largest populations relying on potentially contaminated groundwater.

The study also presents data according to population percentage. In Massachusetts, for example, the source water for 86 to 98% of people who rely on groundwater from public water supplies could be contaminated with PFAS. In Connecticut, the source water for 67 to 87% of the people who rely on groundwater from private wells could be affected. Details by state can be seen in the report's tables S6 through S8.

"To derive these estimates, the team analyzed 1,238 groundwater samples collected by USGS scientists and determined how factors such as urban development and well depth can impact PFAS occurrence," continued Tokranov. "With that information, a detailed machine learning model was developed and used to identify which geographic areas have a higher likelihood for contamination. That information was combined with existing USGS research on the number of people in a given area who rely on groundwater for drinking water to establish population estimates."

Scientists present separate estimates for public and private wells because they typically receive water from different groundwater depths. Public wells using groundwater as the primary water source are usually deeper than private wells.

There are more than 12,000 types of PFAS, not all of which can be detected with current tests; the USGS study tested for the presence of 24 common types. The USGS estimates consider the presence of at least one of those 24 types of PFAS. The most frequently detected compounds were perfluorobutane sulfonate known as PFBS, perfluorooctane sulfonate known as PFOS and perfluorooctanoate known as PFOA.

This research provides a broad outlook for the Lower 48 states and presents state-level estimates. Scientists did not look in detail at specific cities or provide estimates for the types of PFAS present or PFAS concentrations.
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New AI model could make power grids more reliable amid rising renewable energy use | ScienceDaily
As renewable energy sources such as wind and solar become more widespread, managing the power grid has become increasingly complex. Researchers at the University of Virginia have developed an innovative solution: an artificial intelligence model that can address the uncertainties of renewable energy generation and electric vehicle demand, making power grids more reliable and efficient.


						
Multi-Fidelity Graph Neural Networks: A New AI Solution

The new model is based on multi-fidelity graph neural networks (GNNs), a type of AI designed to improve power flow analysis -- the process of ensuring electricity is distributed safely and efficiently across the grid. The "multi-fidelity" approach allows the AI model to leverage large quantities of lower-quality data (low-fidelity) while still benefiting from smaller amounts of highly accurate data (high-fidelity). This dual-layered approach enables faster model training while increasing the overall accuracy and reliability of the system.

Enhancing Grid Flexibility for Real-Time Decision Making

By applying GNNs, the model can adapt to various grid configurations and is robust to changes, such as power line failures. It helps address the longstanding "optimal power flow" problem, determining how much power should be generated from different sources. As renewable energy sources introduce uncertainty in power generation and distributed generation systems, along with electrification (e.g., electric vehicles), increase uncertainty in demand, traditional grid management methods struggle to effectively handle these real-time variations. The new AI model integrates both detailed and simplified simulations to optimize solutions within seconds, improving grid performance even under unpredictable conditions.

"With renewable energy and electric vehicles changing the landscape, we need smarter solutions to manage the grid," said Negin Alemazkoor, assistant professor of civil and environmental engineering and lead researcher on the project. "Our model helps make quick, reliable decisions, even when unexpected changes happen."

Key Benefits:
    	Scalability: Requires less computational power for training, making it applicable to large, complex power systems.
    	Higher Accuracy: Leverages abundant low-fidelity simulations for more reliable power flow predictions.
    	Improved generaliazbility: The model is robust to changes in grid topology, such as line failures, a feature that is not offered by conventional machine leaning models.

This innovation in AI modeling could play a critical role in enhancing power grid reliability in the face of increasing uncertainties.

Ensuring the Future of Energy Reliability

"Managing the uncertainty of renewable energy is a big challenge, but our model makes it easier," said Ph.D. student Mehdi Taghizadeh, a graduate researcher in Alemazkoor's lab.Ph.D. student Kamiar Khayambashi, who focuses on renewable integration, added, "It's a step toward a more stable and cleaner energy future."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        It's not to be. Universe too short for Shakespeare typing monkeys
        It would take far longer than the lifespan of our universe for a typing monkey to randomly produce Shakespeare, a new study reveals.

      

      
        Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists
        Anecdotes abound of wildlife behaving 'drunk' after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists now challenge this assumption. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.

      

      
        Solar-powered animal cells
        Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artifici...

      

      
        A rudimentary quantum network link between Dutch cities
        Researchers have demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fiber, enabling a 25-km quantum link.

      

      
        Sinuses prevented prehistoric croc relatives from deep diving
        Paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.

      

      
        Have we found all the major Maya cities? Not even close, new research suggests
        Researchers used laser-guided imaging to uncover vast unexplored Maya settlements in Campeche, Mexico, revealing more than 6,500 pre-Hispanic structures, including a previously unknown large city with stone pyramids. Their study enhances our understanding of the ancient civilization's extent and complexity in an area largely overlooked by archaeologists.

      

      
        Oceanographers record the largest predation event ever observed in the ocean
        In the largest predation event ever recorded, researchers observed capelin shoaling off the coast of Norway, where a swarm of cod overtook them, consuming over 10 million fish in a few hours. The team hopes to deploy their technique to monitor the large-scale dynamics among other species of fish and track vulnerable keystone species.

      

      
        Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks
        A groundbreaking, nine-year study has revealed that elephants approaching small-scale farms in Kenya avoid beehive fences housing live honey bees up to 86% of the time during peak crop seasons, helping to reduce human-elephant conflict for local farmers and boost income.

      

      
        Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging
        Weddell seals in Erebus Bay, Antarctica, may look like couch potatoes when they are resting on ice. However, these seals, which are the southernmost population of the southernmost living mammals, are exceptional divers that can reach depths of more than 900 meters and recorded dives lasting 96 minutes, which is well beyond their aerobic threshold. Scientists have identified an optimal and novel dive foraging strategy the seals employ to capture prey in the highly seasonal Antarctic environment wi...

      

      
        Fossil hunters strike gold with new species
        Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York. The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

      

      
        A faster, better way to train general-purpose robots
        Inspired by large language models, researchers developed a training technique that pools diverse data to teach robots new skills.

      

      
        Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism
        The Triassic-Jurassic Extinction, 201.6 million years ago, has been considered by some to have been a fairly slow-burn event, driven by rising temperatures and ocean acidification. A new study says it was kicked off for the most part by volcanic winter.

      

      
        Keeping fewer friends protects aging monkeys from diseases
        Becoming less sociable protects older monkeys from getting ill, new research shows.

      

      
        Co-culture system for sustainable cultured meat production
        Cultured meat is grown from animal muscle cells, and animal serum is required to promote the growth of these cells. However, the use of serum poses significant challenges because of its high cost and associated ethical concerns. Now, researchers have developed a system where growth factor-secreting liver cells and photosynthetic microorganisms can be grown together to create a low cost, environmentally friendly medium to grow muscle cells without the use of animal serum.

      

      
        Lab-grown pork gets support from sorghum grain
        Meat grown in a lab isn't science fiction anymore. Cultured meats have existed for over a decade, and as of 2023, you might even find lab-grown chicken in restaurants (in the U.S., at least). Now, with the literal support of plant-based scaffolds, 'clean meat' options are expanding. Researchers have created a prototype cultured pork using a new material: kafirin proteins isolated from red sorghum grain.

      

      
        Why langurs drink salt water
        A new study shows the remarkable adaptability of the critically endangered Cat Ba langurs. Despite low genetic diversity, the langurs have retained key genetic traits that help them survive in their isolated environment on Cat Ba Island in Vietnam. One of these remarkable adaptations is the ability to drink salt water.

      

      
        Seeing a black hole's jet in a new light
        Researchers have pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.

      

      
        Pythons can swallow even bigger prey than scientists realized
        Burmese pythons can consume prey even larger than scientists realized, according to a new study. That means more animals are on the menu across southern Florida, where the nonnative, invasive snakes have decimated populations of foxes, bobcats, raccoons and other animals.

      

      
        Evidence mounts for dark energy from black holes
        Researchers have strengthened the case that matter becomes dark energy when massive stars collapse and become black holes.

      

      
        Move along, moose: Study reveals the 'most Canadian' animals
        What is the 'most Canadian' animal? Spoiler: it's not the beaver, or the moose. A new study ranks species of terrestrial vertebrates in Canada by their level of Canadian evolutionary distinctness: the amount of time animals have evolved independently from other Canadian species. The study found that, overall, amphibians and reptiles are Canada's most evolutionarily distinct species, with Apalone spinifera -- better known as the spiny softshell turtle -- being the most evolutionary distinct terres...

      

      
        Saturn's moon Titan has insulating methane-rich crust up to six miles thick
        A new study has revealed that methane gas may be trapped within the icy surface of Saturn's moon Titan, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.

      

      
        Batteries for miniature bio-integrated devices and robotics
        Researchers have developed a miniature soft lithium-ion battery that could be used as a defibrillator to control heart rhythm during surgery. The flexible lithium-ion battery is constructed by assembling biocompatible hydrogel droplets. The state-of-the-art device is the smallest soft lithium-ion battery with the highest energy density. The research opens the way to developing tiny bio-integrated devices, with a range of applications in robotics, biology, and medicine.

      

      
        'Well-man' thrown from castle identified from 800-year-old Norse saga
        A passage in the Norse Sverris Saga, the 800-year-old story of King Sverre Sigurdsson, describes a military raid that occurred in AD 1197, during which a body was thrown into a well at Sverresborg Castle, outside Trondheim in central Norway, likely as an attempt to poison the main water source for the local inhabitants. A new study describes how researchers used ancient DNA to corroborate the events of the saga and discover details about the 'Well-man,' blending history and archaeology with scien...

      

      
        Human actions likely cause insect color change
        New Zealand's native stoneflies have changed colour in response to human-driven environmental changes, new research shows. The study provides arguably the world's most clear-cut case of animal evolution in response to change made by humans.

      

      
        Gut bacteria transfer genes to disable weapons of their competitors
        New research shows that a large, ubiquitous mobile genetic element changes the antagonistic weaponry of Bacteroides fragilis, a common bacterium of the human gut.
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It's not to be. Universe too short for Shakespeare typing monkeys | ScienceDaily
A monkey randomly pressing keys on a typewriter for an infinite amount of time would eventually type out the complete works of Shakespeare purely by chance, according to the Infinite Monkey Theorem.


						
This widely known thought-experiment is used to help us understand the principles of probability and randomness, and how chance can lead to unexpected outcomes. The idea has been referenced in pop culture from The Simpsons to Hitchhiker's Guide to the Galaxy and on TikTok.

However, a new study reveals it would take an unbelievably huge amount of time -- far longer than the lifespan of our universe, for a typing monkey to randomly produce Shakespeare. So, while the theorem is true, it is also somewhat misleading.

Mathematicians, Associate Professor Stephen Woodcock and Jay Falletta from the University of Technology Sydney (UTS), decided to examine the theorem using instead the limits of our finite universe.

"The Infinite Monkey Theorem only considers the infinite limit, with either an infinite number of monkeys or an infinite time period of monkey labour," said Associate Professor Woodcock.

"We decided to look at the probability of a given string of letters being typed by a finite number of monkeys within a finite time period consistent with estimates for the lifespan of our universe," he said.

The serious but light-hearted study, A numerical evaluation of the Finite Monkeys Theorem, has just been published in the peer-reviewed journal Franklin Open.




For number-crunching purposes, the researchers assumed that a keyboard contains 30 keys including all the letters of the English language plus common punctuation marks.

As well as a single monkey, they also did the calculations using the current global population of around 200,000 chimpanzees, and they assumed a rather productive typing speed of one key every second until the end of the universe in about 10^100 years -- that's a 1 followed by 100 zeros.

The results reveal that it is possible (around a 5% chance) for a single chimp to type the word 'bananas' in its own lifetime. However, even with all chimps enlisted, the Bard's entire works (with around 884,647 words) will almost certainly never be typed before the universe ends.

"It is not plausible that, even with improved typing speeds or an increase in chimpanzee populations, monkey labour will ever be a viable tool for developing non-trivial written works," the authors muse.

"This finding places the theorem among other probability puzzles and paradoxes -- such as the St. Petersburg paradox, Zeno's paradox, and the Ross-Littlewood paradox -- where using the idea of infinite resources gives results that don't match up with what we get when we consider the constraints of our universe," said Associate Professor Woodcock.

In the era of generative AI, the Infinite Monkey Theorem, and its finite version, perhaps also challenge readers to consider philosophical questions around the nature of creativity, meaning and consciousness, and how these qualities emerge.
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Alcohol consumption among non-human animals may not be as rare as previously thought, say ecologists | ScienceDaily
Anecdotes abound of wildlife behaving "drunk" after eating fermented fruits, but despite this, nonhuman consumption of ethanol has been assumed to be rare and accidental. Ecologists challenge this assumption in a review publishing October 30 in the Cell Press journal Trends in Ecology & Evolution. They argue that since ethanol is naturally present in nearly every ecosystem, it is likely consumed on a regular basis by most fruit- and nectar-eating animals.


						
"We're moving away from this anthropocentric view that ethanol is just something that humans use," says behavioral ecologist and senior author Kimberley Hockings of the University of Exeter. "It's much more abundant in the natural world than we previously thought, and most animals that eat sugary fruits are going to be exposed to some level of ethanol."

Ethanol first became abundant around 100 million years ago, when flowering plants began producing sugary nectar and fruits that yeast could ferment. Now, it's present naturally in nearly every ecosystem, though concentrations are higher, and production occurs year-round in lower-latitude and humid tropical environments compared to temperate regions. Most of the time, naturally fermented fruits only reach 1%-2% alcohol by volume (ABV), but concentrations as high as 10.2% ABV have been found in over-ripe palm fruit in Panama.

Animals already harbored genes that could degrade ethanol before yeasts began producing it, but there is evidence that evolution fine-tuned this ability for mammals and birds that consume fruit and nectar. In particular, primates and treeshrews have adapted to efficiently metabolize ethanol.

"From an ecological perspective, it is not advantageous to be inebriated as you're climbing around in the trees or surrounded by predators at night -- that's a recipe for not having your genes passed on," says molecular ecologist and senior author Matthew Carrigan of the College of Central Florida. "It's the opposite of humans who want to get intoxicated but don't really want the calories -- from the non-human perspective, the animals want the calories but not the inebriation."

It's unclear whether animals intentionally consume ethanol for ethanol's sake, and more research is needed to understand its impact on animal physiology and evolution. However, the researchers say that ethanol consumption could carry several benefits for wild animals. First and foremost, it's a source of calories, and the odorous compounds produced during fermentation could guide animals to food sources, though the researchers say it's unlikely that animals can detect ethanol itself. Ethanol could also have medicinal benefits: fruit flies intentionally lay their eggs in substances containing ethanol, which protects their eggs from parasites, and fruit fly larvae increase their ethanol intake when they become parasitized by wasps.

"On the cognitive side, ideas have been put forward that ethanol can trigger the endorphin and dopamine system, which leads to feelings of relaxation that could have benefits in terms of sociality," says behavioral ecologist and first author Anna Bowland of the University of Exeter. "To test that, we'd really need to know if ethanol is producing a physiological response in the wild."

There are a lot of unanswered questions regarding the significance of ethanol consumption to wild animals. In their future research, the team plans to investigate the behavioral and social implication of ethanol consumption in primates and to more deeply examine the enzymes involved in alcohol metabolism.

This research was supported by the Primate Society of Great Britain, the Wenner-Gren Foundation, the Canada Research Chairs program, and the Natural Sciences and Engineering Research Council of Canada.
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Solar-powered animal cells | ScienceDaily
Energy-making chloroplasts from algae have been inserted into hamster cells, enabling the cells to photosynthesize light, according to new research in Japan. It was previously thought that combining chloroplasts (chlorophyll containing structures in the cells of plants and algae) with animal cells was not possible, and that the chloroplasts would not survive or function. However, results showed that photosynthetic action continued for at least two days. This technique could be useful for artificial tissue engineering. Tissues can struggle to grow due to a lack of oxygen, but adding chloroplast-infused cells could enable oxygen and energy to be supplied through light exposure and photosynthesis.


						
Would you like to be solar powered? What if, like plants or algae, just lying around in the sun could help you get energy (and not just because of all the vitamin D)? It may seem like science fiction, but some animals have already tapped into this nifty trick. Giant clams, for example, live in a symbiotic relationship with algae. Algae contain chloroplasts, and so can photosynthesize light into food and oxygen. While the clams provide a home for the algae, the algae provide energy to help their amiable hosts thrive.

However, unlike plants and algae, animal cells do not contain chloroplasts. That is until now, as researchers have demonstrated that it is possible to functionally combine the two.

"As far as we know, this is the first reported detection of photosynthetic electron transport in chloroplasts implanted in animal cells," said Professor Sachihiro Matsunaga of the University of Tokyo, corresponding author of the research paper. Photosynthetic electron transport generates chemical energy and is necessary for numerous cell functions in plants and algae. "We thought that the chloroplasts would be digested by the animal cells within hours after being introduced. However, what we found was that they continued to function for up to two days, and that the electron transport of photosynthetic activity occurred."

The team inserted chloroplasts from red algae into cultured cells derived from hamsters. The researchers examined the structure of the chloroplasts within the cells via several imaging techniques, including confocal microscopy, superresolution microscopy and electron microscopy. They also measured and confirmed that the electron transport of photosynthetic activity was occurring by using pulses of light (a technique called pulse amplitude modulation fluorometry).

"We believe this work will be useful for cellular-tissue engineering," said Matsunaga. "Lab-grown tissues, such as artificial organs, artificial meat and skin sheets, are made of multiple layers of cells. However, there is a problem that they cannot increase in size due to hypoxia (low oxygen levels) inside the tissue, which prevents cell division. By mixing in chloroplast-implanted cells, oxygen could be supplied to the cells through photosynthesis, by light irradiation, thereby improving the conditions inside the tissue to enable growth," he explained.

The team is continuing its research on creating "planimal" cells that can provide the beneficial features of plants to animals. In this study, it found that animal cells which contained chloroplasts experienced an increased cell growth rate, suggesting that the chloroplasts provided a carbon source (fuel) for the host cells. The researchers suggest that future studies could investigate the processes involved in the exchange of substances between the host cell and chloroplasts, as well as what additional substances are produced.

Matsunaga said: "We expect planimal cells to be game-changing cells, which in the future can help us achieve a 'green transformation' to a more carbon-neutral society. We will continue to develop innovative biotechnologies with the aim of realizing a sustainable society and the reduction of carbon dioxide emissions."
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A rudimentary quantum network link between Dutch cities | ScienceDaily
An international research team led by QuTech has demonstrated a network connection between quantum processors over metropolitan distances. Their result marks a key advance from early research networks in the lab towards a future quantum internet. The team developed fully independently operating nodes and integrated these with deployed optical internet fibre, enabling a 25 km quantum link. The researchers published their findings in Science Advances.


						
The internet allows people to share information (bits) globally. A future quantum internet will enable sharing quantum information (qubits) over a new type of network. Such qubits can not only take the values 0 or 1, but also superpositions of those (0 and 1 at the same time). In addition, qubits can be entangled, which means they share a quantum connection enabling instant correlations, no matter the distance.

Researchers around the globe are working to build quantum networks that make use of these features to offer fundamentally new communication and computing capabilities, in coexistence with the current internet. For example, qubits can generate secure encryption keys for safely sharing financial or medical data. Quantum links can also connect distant quantum computers, enhancing their power and allowing access with full privacy for users.

Moving out of the lab

An international team led by Ronald Hanson at QuTech -- a collaboration between the TU Delft and TNO -- was able to connect two small quantum computers between the Dutch cities of Delft and The Hague. "The distance over which we create quantum entanglement in this project, via 25 km of deployed underground fiber, is a record for quantum processors," says Hanson. "This is the first time such quantum processors in different cities are connected."

A few years ago the team reported the first multi-node quantum network inside the lab. "We were faced with new major challenges in going from these lab experiments to realizing a quantum link between cities. We had to design a flexible system that lets the nodes work independently over long distances, we needed to mitigate the impact of photon loss on the connection speed, and we had to ensure reliable confirmation each time the entanglement link was successfully created. Without these innovations, such a large distance would not have been possible."

'Like keeping the moon at a constant distance'

To tackle the challenge of photon loss, the team established the quantum connection using a photon-efficient protocol that required very precise stabilization of the connecting fiber link. Co-author Arian Stolk explains using an analogue: "The link needed to be stable well within the wavelength of the photons (smaller than a micrometer) over 25 kilometer of optical fiber. That challenge compares to keeping the distance between the earth and the moon constant with the accuracy of only a few millimeter. Through a combination of research insights and applied engineering, we were able to solve this puzzle."




"In this work, we demonstrate successful entanglement between two quantum network nodes containing diamond spin qubits. The independently operated nodes are connected through a midpoint station via optical fiber. We were able to reliably deliver a pre-specified entangled state between the nodes."

Collaboration between academia and industry

Co-author Kian van der Enden explains how indispensable the broad expertise of the team was for the success of the project: "Fraunhofer ILT developed a critical component for this demonstration, a new type of quantum frequency converter. OPNT delivered state-of-the-art timing hardware, Element Six provided its engineered synthetic diamond materials and Toptica developed high-stability lasers. Finally, Dutch telecom provider KPN provided the fiber infrastructure as well as the locations of the nodes, the midpoint, and the node in The Hague."

Solid foundation for European quantum internet

This result is an important milestone that addresses key scaling challenges for future quantum networks. Jesse Robbers, Director Industry & Digital Infrastructure of Quantum Delta NL that co-funded the research, adds: "We continue to show leadership in the development of the future fundament of our Digital Infrastructure and how to make it applicable, which is the core of the national and European strategy."

The architecture and methods are directly applicable to other qubit platforms, including the next-generation scalable qubits that the team is currently developing. The successful use of deployed, conventional internet infrastructure sets the stage for a new phase on the road towards a quantum internet. Hanson: "This work marks the crucial step out of the research lab into the field, enabling exploration of first quantum processor networks at metropolitan scale."
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Sinuses prevented prehistoric croc relatives from deep diving | ScienceDaily
An international team of paleobiologists have found that the sinuses of ocean dwelling relatives of modern-day crocodiles prevented them from evolving into deep divers like whales and dolphins.


						
A new paper published today [30 October] in Royal Society Open Science suggests that thalattosuchians, which lived at the time of the dinosaurs, were stopped from exploring the deep due to their large snout sinuses.

Whales and dolphins (cetaceans) evolved from land-dwelling mammals to become fully aquatic over the course of around 10 million years. During this time, their bone-enclosed sinuses reduced and they developed sinuses and air sacs outside of their skulls.

This would have alleviated increases in pressure during deeper dives, allowing them to reach depths of hundreds (dolphins) and thousands (whales) of meters without damaging their skulls.

Thalattosuchians lived during the Jurassic and Cretaceous periods and fall into two main groups. Teleosauridae, were similar to modern day gharial crocodiles, likely living in coastal waters and estuaries. Metriorhynchidae on the other hand were more fully adapted to life at sea, with streamlined bodies, flipper-like limbs and tail fins, amongst other marine adaptations.

Researchers from the University of Southampton, University of Edinburgh, and other institutions wanted to see if thalattosuchians had made similar sinus adaptations to whales and dolphins in their evolutionary journey from the land to the sea.

The team used computed tomography (a special kind of scan) to measure the sinuses of 11 thalattosuchian skulls, as well as the skulls of 14 modern crocodile species and six other fossil species.




Sinus changes

They found that braincase sinuses reduced across thalattosuchian evolution as they became more aquatic, in a similar way to those of whales and dolphins. The team think this is likely due to reasons relating to buoyancy, diving and feeding.

But the team also found that once thalattosuchians became fully aquatic, their snout sinuses expanded compared to their ancestors.

"The regression of braincase sinuses in thalattosuchians mirrors that of cetaceans, reducing during their semi-aquatic phases and then diminishing further as they became fully aquatic," explains Dr Mark Young, lead author of the paper from the University of Southampton.

"Both groups also developed extracranial sinuses. But whereas the cetacean's sinus system aids pressure regulation around the skull during deep dives, the expansive snout sinus systems of metriorhynchids precluded it from diving deeply.

"That's because at greater depths, air within the sinuses would compress, causing discomfort, damage, or even collapse in the snout due to its inability to withstand or equalise the increasing pressure."

Salt glands




While whales and dolphins have highly efficient kidneys that filter out salt from sea water, sea fairing reptiles and birds rely on salt glands to excrete salt from their systems.

The team believe that the larger, more complex snout sinuses of metriorhynchids may have helped to drain their salt glands, in a similar way to modern marine iguanas.

"A major problem for animals with salt glands is 'encrustation', where the salt dries and blocks the salt excreting ducts. Modern birds shake their heads to avoid this, while marine iguanas sneeze to force the salt out," says Dr Young.

"We think that the expanded sinuses of metriorhynchids helped to expel excess salt. Birds, like metriorhynchids, have sinuses that exit the snout and pass under the eye and when their jaw muscles contract, it creates a bellows-like effect within their sinuses. For metriorhynchids, when the sinuses where subjected to this effect, it would have compressed the salt glands within the skull and created a sneeze-like effect, similar to modern marine iguanas."

The study shows how major evolutionary transitions unfold and are shaped by species anatomy, biology and evolutionary history.

"It is fascinating to discover how ancient animals, such as thalattosuchians, adapted to a life in the ocean in their own unique way by showing both similarities and differences to modern day cetaceans," says Dr Julia Schwab, a coauthor on the paper from the University of Manchester.

Dr Young concludes: "Thalattosuchians became extinct in the Early Cretaceous period, so we'll never know for sure if given more evolutionary time they could have converged further with modern cetaceans or whether the need to mechanically drain their salts glands was an impassable barrier to further aquatic specialisation."

The research was funded by the Leverhulme Trust.
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Have we found all the major Maya cities? Not even close, new research suggests | ScienceDaily
Using laser-guided imaging to peer through dense jungle forests, Tulane University researchers have uncovered vast unexplored Maya settlements in Mexico and a better understanding of the ancient civilization's extent and complexity.


						
The new research, published in the journal Antiquity, was led by Tulane University anthropology doctoral student Luke Auld-Thomas and his advisor, Professor Marcello A. Canuto.

The team used lidar, a laser-based detection system, to survey 50 square miles of land in Campeche, Mexico, an area largely overlooked by archaeologists. Their findings included evidence of more than 6,500 pre-Hispanic structures, including a previously unknown large city complete with iconic stone pyramids.

"Our analysis not only revealed a picture of a region that was dense with settlements, but it also revealed a lot of variability," said Auld-Thomas, a doctoral student in Tulane's Anthropology Department and instructor at Northern Arizona University. "We didn't just find rural areas and smaller settlements. We also found a large city with pyramids right next to the area's only highway, near a town where people have been actively farming among the ruins for years. The government never knew about it; the scientific community never knew about it. That really puts an exclamation point behind the statement that, no, we have not found everything, and yes, there's a lot more to be discovered."

The Middle American Research Institute (MARI) at Tulane University has been pioneering the use of lidar technology in archaeological research. Over the past decade, the MARI has built a state-of-the art Geographic Information Systems (GIS) lab, managed by Francisco Estrada-Belli, to analyze remote sensing data, such as lidar.

Lidar technology uses laser pulses to measure distances and create three-dimensional models of specific areas. It has allowed scientists to scan large swaths of land from the comfort of a computer lab, uncovering anomalies in the landscape that often prove to be pyramids, family houses and other examples Maya infrastructure.

"Thanks to generous funding from the Hitz Foundation, MARI has been at the forefront of the use of lidar technology in archaeological research over the past decade," said Canuto, director of the MARI. "Now our efforts are expanding from data analysis to data collection and acquisition. The work conducted on these data from Campeche represent how MARI's 'lidar footprint' is expanding."

This research may also help resolve ongoing debates about the true extent of Maya settlements.




"Because lidar allows us to map large areas very quickly, and at really high precision and levels of detail, that made us react, 'Oh wow, there are so many buildings out there we didn't know about, the population must have been huge,'" Auld-Thomas said. "The counterargument was that lidar surveys were still too tethered to known, large sites, such as Tikal, and therefore had developed a distorted image of the Maya lowlands. What if the rest of the Maya area was far more rural and what we had mapped so far was the exception instead of the rule?"

The study highlights the transformative power of lidar technology in unveiling the secrets of ancient civilizations. It also provides compelling evidence of a more complex and varied Maya landscape than previously thought.

"Lidar is teaching us that, like many other ancient civilizations, the lowland Maya built a diverse tapestry of towns and communities over their tropical landscape," Canuto said. "While some areas are replete with vast agricultural patches and dense populations, others have only small communities. Nonetheless, we can now see how much the ancient Maya changed their environment to support a long-lived complex society."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241029121056.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Oceanographers record the largest predation event ever observed in the ocean | ScienceDaily
There is power in numbers, or so the saying goes. But in the ocean, scientists are finding that fish that group together don't necessarily survive together. In some cases, the more fish there are, the larger a target they make for predators.


						
This is what MIT and Norwegian oceanographers observed recently when they explored a wide swath of ocean off the coast of Norway during the height of spawning season for capelin -- a small Arctic fish about the size of an anchovy. Billions of capelin migrate each February from the edge of the Arctic ice sheet southward to the Norwegian coast, to lay their eggs. Norway's coastline is also a stopover for capelin's primary predator, the Atlantic cod. As cod migrate south, they feed on spawning capelin, though scientists have not measured this process over large scales until now.

Reporting their findings in Nature Communications Biology, the MIT team captured interactions between individual migrating cod and spawning capelin, over a huge spatial extent. Using a sonic-based wide-area imaging technique, they watched as random capelin began grouping together to form a massive shoal spanning tens of kilometers. As the capelin shoal formed a sort of ecological "hotspot," the team observed individual cod begin to group together in response, forming a huge shoal of their own. The swarming cod overtook the capelin, quickly consuming over 10 million fish, estimated to be more than half of the gathered prey.

The dramatic encounter, which took place over just a few hours, is the largest such predation event ever recorded, both in terms of the number of individuals involved and the area over which the event occurred.

This one event is unlikely to weaken the capelin population as a whole; the preyed-upon shoal represents 0.1 percent of the capelin that spawn in the region. However, as climate change causes the Arctic ice sheet to retreat, capelin will have to swim farther to spawn, making the species more stressed and vulnerable to natural predation events such as the one the team observed. As capelin sustains many fish species, including cod, continuously monitoring their behavior, at a resolution approaching that of individual fish and across large scales spanning tens of thousands of square kilometers, will help efforts to maintain the species and the health of the ocean overall.

"In our work we are seeing that natural catastrophic predation events can change the local predator prey balance in a matter of hours," says Nicholas Makris, professor of mechanical and ocean engineering at MIT. "That's not an issue for a healthy population with many spatially distributed population centers or ecological hotspots. But as the number of these hotspots deceases due to climate and anthropogenic stresses, the kind of natural 'catastrophic' predation event we witnessed of a keystone species could lead to dramatic consequences for that species as well as the many species dependent on them."

Makris' co-authors on the paper are Shourav Pednekar and Ankita Jain at MIT, and Olav Rune Godo of the Institute of Marine Research in Norway.




Bell sounds

For their new study, Makris and his colleagues reanalyzed data that they gathered during a cruise in February of 2014 to the Barents Sea, off the coast of Norway. During that cruise, the team deployed the Ocean Acoustic Waveguide Remote Sensing (OAWRS) system -- a sonic imaging technique that employs a vertical acoustic array, attached to the bottom of a boat, to send sound waves down into the ocean and out in all directions. These waves can travel over large distances as they bounce off any obstacles or fish in their path.

The same or a second boat, towing an array of acoustic receivers, continuously picks up the scattered and reflected waves, from as far as many tens of kilometers away. Scientists can then analyze the collected waveforms to create instantaneous maps of the ocean over a huge areal extent.

Previously, the team reconstructed maps of individual fish and their movements, but could not distinguish between different species. In the new study, the researchers applied a new "multispectral" technique to differentiate between species based on the characteristic acoustic resonance of their swim bladders.

"Fish have swim bladders that resonate like bells," Makris explains. "Cod have large swim bladders that have a low resonance, like a Big Ben bell, whereas capelin have tiny swim bladders that resonate like the highest notes on a piano."

By reanalyzing OAWRS data to look for specific frequencies of capelin versus cod, the researchers were able to image fish groups, determine their species content, and map the movements of each species over a huge areal extent.




Watching a wave

The researchers applied the multi-spectral technique to OAWRS data collected on Feb. 27, 2014, at the peak of the capelin spawning season. In the early morning hours, their new mapping showed that capelin largely kept to themselves, moving as random individuals, in loose clusters along the Norwegian coastline. As the sun rose and lit the surface waters, the capelin began to descend to darker depths, possibly seeking places along the seafloor to spawn.

The team observed that as the capelin descended, they began shifting from individual to group behavior, ultimately forming a huge shoal of about 23 million fish that moved in a coordinated wave spanning over ten kilometers long.

"What we're finding is capelin have this critical density, which came out of a physical theory, which we have now observed in the wild," Makris says. "If they are close enough to each other, they can take on the average speed and direction of other fish that they can sense around them, and can then form a massive and coherent shoal."

As they watched, the shoaling fish began to move as one, in a coherent behavior that has been observed in other species but never in capelin until now. Such coherent migration is thought to help fish save energy over large distances by essentially riding the collective motion of the group.

In this instance, however, as soon as the capelin shoal formed, it attracted increasing numbers of cod, which quickly formed a shoal of their own, amounting to about 2.5 million fish, based on the team's acoustic mapping. Over a few short hours, the cod consumed 10.5 million capelin over tens of kilometers before both shoals dissolved and the fish scattered away. Makris suspects that such massive and coordinated predation is a common occurrence in the ocean, though this is the first time that scientists have been able to document such an event.

"It's the first time seeing predator-prey interaction on a huge scale, and it's a coherent battle of survival," Makris says. "This is happening over a monstrous scale, and we're watching a wave of capelin zoom in, like a wave around a sports stadium, and they kind of gather together to form a defense. It's also happening with the predators, coming together to coherently attack."

The team hopes to deploy OAWRS in the future to monitor the large-scale dynamics among other species of fish.

"It's been shown time and again that, when a population is on the verge of collapse, you will have that one last shoal. And when that last big, dense group is gone, there's a collapse," Makris says. "So you've got to know what's there before it's gone, because the pressures are not in their favor."

This work was supported, in part, by the U.S. Office of Naval Research and the Institute of Marine Research in Norway.
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Beehive fences are highly effective in reducing human-elephant conflict, but researchers warn of future risks | ScienceDaily

However, researchers caution that ongoing habitat degradation and persistent droughts could threaten the long-term effectiveness of this natural deterrent.

Kenya is facing rapid human population growth, with a 59.4% increase between 2000 and 2020, which has led to the shrinking of elephant habitats as human settlements and infrastructure expand. Finding sustainable ways for people and elephants to coexist is becoming an urgent challenge for KWS, responsible for protecting the country's natural resources amid growing economic development needs. Keeping elephants safely away from subsistence farms is a major focus of Save the Elephants' Coexistence Programme.

Beehive fences, introduced in 2007 by STE and KWS, in partnership with the University of Oxford, offer an innovative approach. These fences consist of a series of live beehives strung together between posts, creating a physical, auditory, and olfactory deterrent to elephants. The elephants' natural fear of being stung keeps them away, while the fences also benefit farmers by providing pollination services and generating income through honey and wax production.

The study monitored 26 farms protected by beehive fences in two villages near Tsavo East National Park, and analysed nearly 4,000 incidents of elephant approaches. Elephants roam freely in and out of the park throughout the year as they look for mates, food and water, but can be attracted by the smell and nutritional richness of agricultural crops.

During six peak crop-growing seasons (November to January 2014-2020), 3,027 elephants approached the farms and the beehive fences successfully deterred an annual average of 86.3% of elephants from raiding crops. Across all seasons and the entire study period, including a drought, the fences deterred an annual average of 76% of elephants.

However, challenges such as the drought -- which reduced hive occupation by 75% during 2017 -- negatively impacted honey production and profits both during the drought and for three years after. Despite this climatic shock, the 365 beehives used in the study produced one ton of honey, sold for $2,250.

Dr Lucy King from Save the Elephants and the University of Oxford's Department of Biology, who led the study, highlighted the effectiveness of beehive fences but warned of future risks. "Beehive fences are very effective at reducing up to 86.3% of elephant raids when the crops in the farms are at their most attractive," she said, "but our results also warn that increased habitat disturbance or more frequent droughts could reduce the effectiveness of this nature-based coexistence method."

Dr. Patrick Omondi, Director Wildlife Research and Training Institute, emphasised the importance of continued research and funding for sustainable solutions. "Kenya is facing increasing challenges with human-elephant conflict, and solutions like beehive fences empower communities to manage their own farm protection," he said. "We need more research and support for nature-based solutions to help our communities live better alongside wildlife."

Previous research by Save the Elephants, KWS and the University of Oxford in partnership with bioacoustician scientists from Disney's Animal Kingdom(r) has shown that elephants respond strongly to bees, running away from disturbed bee sounds and exhibiting behaviours such as head-shaking, dusting, and rumbling to warn others. While elephants' thick skin usually protects them, disturbed honey bees target sensitive areas like the eyes, mouth, and trunk, where their stings cause discomfort. This natural fear of bees has been harnessed as a practical tool to keep elephants away from farms, helping to promote coexistence between humans and wildlife. To date over 14,000 beehives have been hung as elephant deterrents in 97 sites across Africa and Asia.
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Weddell seals in the Antarctic strategically time their most extreme dives to maximize foraging | ScienceDaily
Erebus Bay, Antarctica, is home to the southernmost population of the world's southernmost living mammal -- the Weddell seal. These seals may look like couch potatoes when they are resting on the ice, but Weddell seals go to great lengths to make a living in the harshest and most rapidly changing environments. Weddell seals are exceptional divers that can reach depths of more than 900 meters (2,952 feet) with some dives lasting 96 minutes -- well beyond their aerobic threshold.


						
New research from the Woods Hole Oceanographic Institution (WHOI) and partners sheds light on a novel dive foraging strategy, striking a fine balance when it comes to pushing their breath hold capacities and trying to maximize use of the seasonal Antarctic light.

According to the just published article in Communications Biology, the seals strategically conduct their deepest, longest, and most extreme dives earlier in the day, rather than during peak foraging times at midday.

Lead author Michelle Shero, an assistant scientist in Biology at WHOI, explained, "These extreme dives require longer recuperation times once the seals return to the surface. So, if the seals make extreme dives in the middle of the day when it is maximum light -- there may be lots of prey around that are easy to see, but the seals would still 'miss out' because they'd have to spend a lot of time recuperating. Not conducting extreme dives when prey is most accessible, may actually be the best strategy."

"We are seeing these animals through a whole year when it's daylight 24/7, a combination of daytime and nighttime, and then dark 24/7, providing a 'natural experiment' to better understand how the seals' feeding strategies change with a range of light conditions. During peak daylight hours, almost all animals including the seal's prey will descend deep into the water column to avoid predation. We expected that the seals would follow their food and that their deepest, longest dives might occur at midday when the sun is overhead. But what we surprisingly found was that the seals appeared to actually avoid making their most extreme dives during midday," said Shero, "allowing the seals to keep diving over and over without having to pause for long."

"This allows them to spend almost all of their time underwater, foraging under high-light conditions, which is best for visual hunters," continued Shero. "These animals are making very strategic decisions about when to make their long dives, so they can best interact with the daily changing environment in the Antarctic, allowing them to maximize their prey."

The researchers outfitted the seals with Conductivity Temperature Depth-Satellite Relay Dive Loggers, which collected a total of 8,913 seal days of behavioral data from 59 adult seals throughout the western Ross Sea in the Antarctic. The data helped shed light on the tradeoffs the seals make between the conservation of their oxygen stores and the energetic gains that could be realized with capturing prey.




"For me, one of the more surprising findings of this research was our discovery that Weddell seals 'plan' their activities in a much more nuanced way than I had previously appreciated," said journal article co-author Jennifer Burns, professor and chair of the Department of Biological Sciences at Texas Tech University, Lubbock. "Not only did the seals shift the average depth and duration of their dives in response to current light levels, but they also made their longest and most taxing dives at times when their recovery period was least likely to negatively impact overall foraging success. So not only were they planning when to forage, but it also seems that they were thinking ahead and planning when to rest."

"Although it may not be surprising that a visual predator would maximize foraging when daylight is most intense, scientifically showing Weddell seals are in tune with circadian rhythms/light levels while foraging is fascinating," said article co-author Kimberly Goetz, research fisheries biologist with the Marine Mammal Laboratory in Seattle, Washington. "Another important finding was that the circadian patterns were at odds with physiological constraints, in that exceedingly long dives did not overlap with optimal conditions for visual hunting presumably due to the time needed to recover afterward. Instead, animals likely opt to take full advantage of daylight by performing shallower dives that do not require as much recovery time before continuing to forage. The findings in this paper are likely applicable to other diving visual predators inhabiting marine environments with extreme variations in light levels throughout the year, including emperor penguins."

Article co-author Daniel Costa, distinguished professor of ecology and evolutionary biology at the University of California, Santa Cruz, noted, "Weddell seals live in one of the most hostile environments on the planet and need to keep their internal clock running during periods when the sun never sets or when the sun never rises. Our study found that they take great advantage of the periods of short-day length to make the longest dives that push their physiological ability to the extreme to do the most hunting when there is light to enable their search for food and or breathing holes in the ice.

Funding for this research was provided by the National Science Foundation (NSF) and the Every Page Foundation, with logistical support provided by NSF's U.S. Antarctic Program, Raytheon Polar Services, and Lockheed Martin ASC.
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Fossil hunters strike gold with new species | ScienceDaily
Paleontologists have identified fossils of an ancient species of bug that spent the past 450 million years covered in fool's gold in central New York.


						
The new species, Lomankus edgecombei, is a distant relative of modern-day horseshoe crabs, scorpions, and spiders. It had no eyes, and its small front appendages were best suited for rooting around in dark ocean sediment, back when what is now New York state was covered by water.

Lomankus also happens to be bright gold -- thanks to layers of pyrite (fool's gold) that have crept into its remains.

And the gold color isn't just for show. The pyrite, located in a fossil-rich area near Rome, New York, known as "Beecher's Bed," helped to preserve the fossils by gradually taking the place of soft-tissue features of Lomankus before they decayed.

"These remarkable fossils show how rapid replacement of delicate anatomical features in pyrite before they decay, which is a signature feature of Beecher's Bed, preserves critical evidence of the evolution of life in the oceans 450 million years ago," said Derek Briggs, the G. Evelyn Hutchinson Professor of Earth and Planetary Sciences in Yale's Faculty of Arts and Sciences.

Briggs is co-author of a new study in Current Biology describing the new species. He is also a curator at the Yale Peabody Museum.

Briggs and his co-authors said Lomankus, which is part of an extinct group of arthropods called Megacheira, is evolutionarily significant in several ways.




Like other Megacheirans, Lomankus is an example of an arthropod with an adaptable head and specialized appendages (a scorpion's claws and a spider's fangs are other examples). In the case of Lomankus, its front appendages bear a trio of long, flexible, whip-like flagella -- which may have been used to perceive its surroundings and detect food.

"Arthropods typically have one or more pairs of legs at the front of their bodies that are modified for specialized functions like sensing the environment and capturing prey," said Luke Parry, a former Yale postdoctoral researcher who is now an associate professor at the University of Oxford, and co-corresponding author of the study. "These special legs make them very adaptable, somewhat like a biological Swiss army knife."

In addition, the Lomankus fossils indicate that Megacheirans continued to evolve and diversify longer than previously thought. Lomankus is one of the only known Megacheirans to have survived past the Cambrian Period (485 to 541 million years ago) and into the Ordovician Period (443 to 485 million years ago). Paleontologists believe Megacheirans were largely extinct by the beginning of the Ordovician Period.

The new Lomankus fossils also have several ties to Yale's paleontological efforts, going back more than a century.

The site where they were discovered, Beecher's Bed, is named for Charles Emerson Beecher, who was head of the Yale Peabody Museum from 1899 until 1904. Beecher published classic papers on the anatomy and relationships of trilobites (one of the earliest arthropod groups) from the site, and his material was studied and expanded upon by other scientists for generations.

Briggs was one of them. His first paper on Beecher's Bed fossils was published in 1991, and as curator of invertebrate paleontology at the Peabody in the early 2000s (and subsequently director of the museum), he arranged for Yale to lease the site for field studies until 2009.

Paleontologist Yu Liu of Yunnan University in China, co-corresponding author of the study, contacted Briggs about the new fossils from Beecher's Bed, which he had acquired from a Chinese fossil collector. Briggs then brought in Parry, his former postdoc, with whom he was already collaborating on research about similar fossils at the Peabody.

"The preservation is remarkable," Briggs said. "The density of the pyrite contrasts with that of the mudstone in which they were buried. Their details were extracted based on computed tomography [CT] scanning, which gave us 3D images of the fossils."

The new fossil specimens have been donated to the Peabody.
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A faster, better way to train general-purpose robots | ScienceDaily
In the classic cartoon "The Jetsons," Rosie the robotic maid seamlessly switches from vacuuming the house to cooking dinner to taking out the trash. But in real life, training a general-purpose robot remains a major challenge.


						
Typically, engineers collect data that are specific to a certain robot and task, which they use to train the robot in a controlled environment. However, gathering these data is costly and time-consuming, and the robot will likely struggle to adapt to environments or tasks it hasn't seen before.

To train better general-purpose robots, MIT researchers developed a versatile technique that combines a huge amount of heterogeneous data from many of sources into one system that can teach any robot a wide range of tasks.

Their method involves aligning data from varied domains, like simulations and real robots, and multiple modalities, including vision sensors and robotic arm position encoders, into a shared "language" that a generative AI model can process.

By combining such an enormous amount of data, this approach can be used to train a robot to perform a variety of tasks without the need to start training it from scratch each time.

This method could be faster and less expensive than traditional techniques because it requires far fewer task-specific data. In addition, it outperformed training from scratch by more than 20 percent in simulation and real-world experiments.

"In robotics, people often claim that we don't have enough training data. But in my view, another big problem is that the data come from so many different domains, modalities, and robot hardware. Our work shows how you'd be able to train a robot with all of them put together," says Lirui Wang, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this technique.




Wang's co-authors include fellow EECS graduate student Jialiang Zhao; Xinlei Chen, a research scientist at Meta; and senior author Kaiming He, an associate professor in EECS and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL). The research will be presented at the Conference on Neural Information Processing Systems.

Inspired by LLMs

A robotic "policy" takes in sensor observations, like camera images or proprioceptive measurements that track the speed and position a robotic arm, and then tells a robot how and where to move.

Policies are typically trained using imitation learning, meaning a human demonstrates actions or teleoperates a robot to generate data, which are fed into an AI model that learns the policy. Because this method uses a small amount of task-specific data, robots often fail when their environment or task changes.

To develop a better approach, Wang and his collaborators drew inspiration from large language models like GPT-4.

These models are pretrained using an enormous amount of diverse language data and then fine-tuned by feeding them a small amount of task-specific data. Pretraining on so much data helps the models adapt to perform well on a variety of tasks.




"In the language domain, the data are all just sentences. In robotics, given all the heterogeneity in the data, if you want to pretrain in a similar manner, we need a different architecture," he says.

Robotic data take many forms, from camera images to language instructions to depth maps. At the same time, each robot is mechanically unique, with a different number and orientation of arms, grippers, and sensors. Plus, the environments where data are collected vary widely.

The MIT researchers developed a new architecture called Heterogeneous Pretrained Transformers (HPT) that unifies data from these varied modalities and domains.

They put a machine-learning model known as a transformer into the middle of their architecture, which processes vision and proprioception inputs. A transformer is the same type of model that forms the backbone of large language models.

The researchers align data from vision and proprioception into the same type of input, called a token, which the transformer can process. Each input is represented with the same fixed number of tokens.

Then the transformer maps all inputs into one shared space, growing into a huge, pretrained model as it processes and learns from more data. The larger the transformer becomes, the better it will perform.

A user only needs to feed HPT a small amount of data on their robot's design, setup, and the task they want it to perform. Then HPT transfers the knowledge the transformer grained during pretraining to learn the new task.

Enabling dexterous motions

One of the biggest challenges of developing HPT was building the massive dataset to pretrain the transformer, which included 52 datasets with more than 200,000 robot trajectories in four categories, including human demo videos and simulation.

The researchers also needed to develop an efficient way to turn raw proprioception signals from an array of sensors into data the transformer could handle.

"Proprioception is key to enable a lot of dexterous motions. Because the number of tokens is in our architecture always the same, we place the same importance on proprioception and vision," Wang explains.

When they tested HPT, it improved robot performance by more than 20 percent on simulation and real-world tasks, compared with training from scratch each time. Even when the task was very different from the pretraining data, HPT still improved performance.

In the future, the researchers want to study how data diversity could boost the performance of HPT. They also want to enhance HPT so it can process unlabeled data like GPT-4 and other large language models.

"Our dream is to have a universal robot brain that you could download and use for your robot without any training at all. While we are just in the early stages, we are going to keep pushing hard and hope scaling leads to a breakthrough in robotic policies, like it did with large language models," he says.
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Dinosaurs thrived after ice, not fire, says a new study of ancient volcanism | ScienceDaily
201.6 million years ago, one of the Earth's five great mass extinctions took place, when three-quarters of all living species suddenly disappeared. The wipeout coincided with massive volcanic eruptions that split apart Pangaea, a giant continent then comprising almost all the planet's land. Millions of cubic miles of lava erupted over some 600,000 years, separating what are now the Americas, Europe and North Africa. It marked the end of the Triassic period and the beginning of the Jurassic, the period when dinosaurs arose to take the place of Triassic creatures and dominate the planet.


						
The exact mechanisms of the End Triassic Extinction have long been debated, but most prominent: Carbon dioxide surfaced by the eruptions built up over many millennia, raising temperatures to unsustainable levels for many creatures, and acidifying the oceans. But a new study says the opposite: cold, not warmth was the main culprit. The study presents evidence that instead of stretching over hundreds of thousands of years, the first pulses of lava that ended the Triassic were stupendous events lasting less than a century each. In this condensed time frame, sunlight-reflecting sulfate particles were spewed into the atmosphere, cooling the planet and freezing many of its inhabitants. Gradually rising temperatures in an environment that was hot to begin with -- atmospheric carbon dioxide in the late Triassic was already three times today's level -- may have finished the job later on, but it was volcanic winters that did the most damage, say the researchers.

"Carbon dioxide and sulfates act not just in opposite ways, but opposite time frames," said lead author Dennis Kent of the Columbia Climate School's Lamont-Doherty Earth Observatory. "It takes a long time for carbon dioxide to build up and heat things, but the effect of sulfates is pretty much instant. It brings us into the realm of what humans can grasp. These events happened in the span of a lifetime."

The study was just published in the journal Proceedings of the National Academy of Sciences.

The Triassic-Jurassic extinction has long been thought tied to the eruption of the so-called Central Atlantic Magmatic Province, or CAMP. In a groundbreaking 2013 study, Kent and colleagues provided perhaps the most definitive link. Kent, who studies paleomagnetism, identified a consistent polarity reversal in sediments just below the initial CAMP eruptions, which showed they all happened at the same time across what are now widespread parts of the world. Colleagues then used radioactive isotopes to date the start of volcanism to 201,564,000 years ago, give or take a few tens of thousands of years. Scientists were unable to say how big the initial eruptions were, but it was assumed by many that the massive CAMP deposits must have taken many millennia to build up.

In the new study, Kent and colleagues correlated data from CAMP deposits in the mountains of Morocco, along Nova Scotia's Bay of Fundy, and New Jersey's Newark Basin. Their key evidence: the alignments of magnetic particles in the rocks that recorded the past drifting of Earth's magnetic pole at the time of the eruptions. Due to a complex set of processes, this pole is offset from the planet's unchanging axis of rotation -- true north -- and to boot, changes position by a few tenths of a degree each year. (The reason that compasses do not point exactly north.) Because of this phenomenon, magnetic particles in lavas that were emplaced within a few decades of each other will all point in the same direction, while ones emplaced, say, thousands of years later will point 20 or 30 degrees in a different direction.

What the researchers found was five successive initial CAMP lava pulses spread over about 40,000 years -- each with the magnetic particles aligned in a single direction, indicating the lava pulse had emerged in less than 100 years, before drift of the magnetic pole could manifest itself. They say that these huge eruptions released so many sulfates so quickly that the sun was largely blocked out, causing temperatures to plunge. Unlike carbon dioxide, which hangs around for centuries, volcanic sulfate aerosols tend to rain out of the atmosphere within years, so resulting cold spells don't last very long. But due to the rapidity and size of the eruptions, these volcanic winters were devastating. The researchers compared the CAMP series to sulfates from the 1783 eruption of Iceland's Laki volcano, which caused widespread crop failures; just the initial CAMP pulses were hundreds of times greater, they say.

In sediments just below the CAMP layers lie Triassic-era fossils: large terrestrial and semiaquatic relatives of crocodiles, strange tree lizards, giant, flat-headed amphibians, and many tropical plants. Then they disappear with the CAMP eruptions. Small feathered dinosaurs had been around for tens of millions of years before this, and survived, eventually to thrive and get much larger, along with turtles, true lizards, and mammals, possibly because they were small and could survive in burrows.

"The magnitude of the environmental effects are related to how concentrated the events are," said study coauthor Paul Olsen, a paleontologist at Lamont-Doherty. "Small events spread out over [tens of thousands of years] produce much less of an effect than the same total volume of volcanism concentrated in less than a century. The overarching implication being that the CAMP lavas represent extraordinarily concentrated events."

The study was coauthored by Huapei Wang of China University of Geosciences, Morgan Schaller of Rensselaer Polytechnic Institute and Mohammed Et-Touhami of Morocco's Universite Mohamed Premier.
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Keeping fewer friends protects aging monkeys from diseases | ScienceDaily
Becoming less sociable protects older monkeys from getting ill, new research shows.


						
Many animals, including humans, are known to experience "social ageing" -- reductions in their number of social connections as they get older. But why this happens remains a mystery.

The new study, led by the universities of Exeter and Edinburgh, used long-term data on rhesus macaques on Cayo Santiago -- known as Monkey Island.

They found that older macaques are likely to suffer less from infectious disease, mostly because of their smaller social networks.

The study is published as part of a special issue of Philosophical Transactions of the Royal Society B, guest edited by Professor Lauren Brent from the University of Exeter.

"Social ties bring huge benefits to a vast range of species -- but sociality also comes with costs, including infectious disease risk," said Dr Erin Siracusa, from Exeter's Centre for Research in Animal Behaviour.

"This cost-benefit ratio can change across individuals' lifespans, which may drive changes in social behaviour.




"Older individuals may be more susceptible to diseases -- but once we accounted for that in our data, we found that older macaques suffered lower infection costs than their younger counterparts.

"Our findings suggest a powerful reason why many animals, including humans, might reduce their social connections as they age."

The benefits macaques gained from social ageing depended on the diseases in question.

Unsurprisingly, the benefit was strongest when diseases were highly infectious and were more severe for older macaques.

Dr Matthew Silk, from the University of Edinburgh, said: "Our results point to illness potentially helping to explain why 'social ageing' evolves -- something we are keen to test in future research."

The research was partly funded by the National Institutes of Health and Dr Silk's Royal Society University Research Fellowship.

The study is entitled: "Social ageing can protect against infectious disease in a group-living primate."

The special issue of the journal is called: "Understanding age and society using natural populations."
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Co-culture system for sustainable cultured meat production | ScienceDaily
Cultured meat is grown from animal muscle cells, and animal serum is required to promote the growth of these cells. However, the use of serum poses significant challenges because of its high cost and associated ethical concerns. Now, researchers have developed a system where growth factor-secreting liver cells and photosynthetic microorganisms can be grown together to create a low cost, environmentally friendly medium to grow muscle cells without the use of animal serum.


						
There is a pressing need for environmentally friendly meat production technologies to tackle the increasing global food demand. Cultured meat production is one such technology that is attracting a lot of attention as an alternative to conventional meat production. First developed in 2012, cultured meat is simply meat that is produced by growing or culturing muscle cells from animals in a laboratory.

Typically, cultured meat production requires serum (or the liquid part of the blood) from animals, which is essential for the growth of muscle cells in the culture medium since serum includes abundant proteins that promote muscle cell growth. The use of animal serum poses significant challenges due to multiple reasons such as high costs, risk of contamination, and ethical concerns. Hence, there is a need for culture methods that allow muscle cells to grow without the use of serum.

Now, a research team led by Professor Tatsuya Shimizu from Tokyo Women's Medical University, along with Ph.D. student Shanga Chu and Professor Toru Asahi from Waseda University, Professor Yuji Haraguchi from Tokyo Women's Medical University, and Professor Tomohisa Hasunuma from Kobe University, have developed a new system for culturing muscle cells without serum by using photosynthetic microorganisms. Their findings were published in Scientific Reports on August 23, 2024.

Normally, animal serum provides proteins called growth factors that are essential for the growth of muscle cells. However, rat liver cells are also known to secrete these growth factors. The researchers discovered that the medium remaining after culturing these liver cells (or the supernatant) contains growth factors, and can support muscle cell growth without the use of serum. "Although more growth factor-secreting cells and longer cultivation produce larger amount of growth factors, the downside is that the cells also produce waste products like lactate and ammonia into the medium at the same time, which eventually hinders muscle cell growth," explains Shimizu.

Hence, waste removal is crucial to improve the performance of this culture supernatant as an alternative to animal serum. To resolve this, the researchers had developed L-lactate assimilating cyanobacteria (photosynthetic microorganisms) with lactate to pyruvate converting genes, which were capable of taking in harmful waste metabolites, such as lactate and ammonia and converting them into nutrients for animal cells (rat liver cells and muscle cells), such as pyruvate and amino acids.

In this study, the research group proposed a new system in which the growth-factor secreting rat liver cells would be co-cultured or cultured together with the modified cyanobacteria, and the supernatant from this co-culture could then be used to promote muscle cell growth without serum. They found that co-culturing cyanobacteria with the rat liver cells resulted in a 30% reduction of lactate and over 90% reduction of ammonia. Additionally, the nutrients produced by the cyanobacteria were able to reduce the nutrient depletion by rat liver cells, resulting in an abundance of nutrients like glucose and pyruvate in the co-culture supernatant compared to the supernatant collected from where rat liver cells were grown alone.

When this co-culture supernatant was used to cultivate muscle cells, they found that the growth rate of muscle cells was three times higher than the growth seen when only rat liver cells were used. This demonstrates that co-culturing cyanobacteria significantly enhances the performance of the culture supernatant as a serum alternative and optimizes cell culture through waste upcycling.

"Our study provides a novel low cost, sustainable cell culture system with broad applicability in various fields involving cellular agriculture, such as cultured meat production, fermentation, bio-pharmaceutical production, and regenerative medicine. Further, as a technology for producing meat without killing animals, culturing animal cells with photosynthetic microorganisms could help address not only future food security challenges, but also ethical concerns and issues related to climate change," concludes Shimizu.
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Lab-grown pork gets support from sorghum grain | ScienceDaily
Meat grown in a lab isn't science fiction anymore. Cultured meats have existed for over a decade, and as of 2023, you might even find lab-grown chicken in restaurants (in the U.S., at least). Now, with the literal support of plant-based scaffolds, "clean meat" options are expanding. Researchers publishing in ACS' Journal of Agricultural and Food Chemistry have created a prototype cultured pork using a new material: kafirin proteins isolated from red sorghum grain.


						
Cultured meats have emerged alongside plant-based meats as more ethical and environmentally friendly alternatives to eating animals. Manufacturing both types requires far less land and water, and the process emits fewer greenhouse gases during production. Unlike plant-based mimics, cultured meats use actual animal cells, but they are grown in a lab on porous protein scaffolds rather than obtained directly from an animal's flesh. A variety of materials, including wheat gluten, pea protein and soy protein, have been used to create these supports. However, these water-soluble options require extra treatment steps or cause problems for those with gluten intolerances or allergies. To address that, Linzhi Jing, Dejian Huang and colleagues proposed using kafirin -- a protein found in sorghum grain -- as a gluten-free, water-insoluble alternative protein for scaffolding on which to grow a prototype cultured pork.

The team extracted kafirin from red sorghum flour and constructed a porous, 3D protein scaffold by soaking sugar cubes in the kafirin solution. The proteins stuck to the sugar crystals, which were then dissolved using water, leaving behind a cube-shaped support structure. To make the prototype cultured meat, Jing, Huang and colleagues introduced pork stem cells to the scaffold. After 12 days, they saw that the cells had readily attached to the kafirin and were differentiating into pork muscle and fat cells.

Compared to raw lean pork, the cultured pork contained more protein and saturated fat and fewer mono- and polyunsaturated fats. Researchers also found that red pigments from the sorghum provided the cultured meat with a pork-like color and some antioxidant properties. However, because the sorghum's structural proteins were so stable, the cultured meat's texture and color changed very little after boiling, making the raw and cooked versions look similar. The researchers say that additional work is needed to fine-tune the cultured pork's nutritional and textural properties, but this study proves kafirin's utility as a promising scaffold material for cultured meat products.

The authors acknowledge funding from the National University of Singapore (Suzhou) Research Institute Biomedical and Health Technology Platform and the Natural Science Youth Foundation of Jiangsu, China. 
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Why langurs drink salt water | ScienceDaily
A study by the German Primate Center -- Leibniz Institute for Primate Research in Gottingen and Leipzig Zoo shows the remarkable adaptability of the critically endangered Cat Ba langurs. Despite low genetic diversity, the langurs have retained key genetic traits that help them survive in their isolated environment on Cat Ba Island in Vietnam. One of these remarkable adaptations is the ability to drink salt water (Nature Communications).


						
The study is dedicated to the genetic challenges faced by the fewer than 100 remaining individuals of this primate species. Due to the dramatic decline of its population, the species suffers from genetic impoverishment, high inbreeding and a potentially increased susceptibility to disease. Nevertheless, analysis of their genetic information shows that genetic diversity has been maintained in functionally important areas of their genetic information. This enables the Cat Ba langurs (Trachypithecus poliocephalus) to continue to cope adequately with changing environmental conditions.

"Their adaptability makes the animals unique. Drinking salt water is an outstanding example of this," says Liye Zhang, geneticist at the German Primate Center (DPZ) and lead author of the study.

This extraordinary ability is a direct consequence of their isolated island home, where there are only limited freshwater sources. The researchers show that changes in certain genes have probably increased tolerance to salt water. These genetic adaptations enable langurs to cope with the high sodium content of salt water and thus contribute to their survival in this unique environment.

The Cat Ba langur: a symbol of adaptability and urgent need for protection

The Cat Ba langur, one of the rarest primate species in the world, is not only highly endangered, but also symbolizes nature's remarkable ability to adapt to challenging conditions. "These research results highlight the urgency of better protecting the Cat Ba langur and its habitat," emphasizes Christian Roos, scientist at the DPZ and co-author of the current study.

Although many mammal populations are declining worldwide, the genetic effects of such population declines often remain unexplored. The Cat Ba langur is a valuable model for analyzing the consequences of severe population declines on the genetic diversity of a species. The population of this langur species once numbered several hundred animals, but was reduced to an alarming 40 individuals by 2004 due to hunting, poaching and habitat loss. The population has since recovered to around 85 animals. Nevertheless, the species is still threatened with extinction, particularly due to habitat fragmentation, disturbance from uncontrolled tourism and increasing inbreeding. These threats underline the need to expand existing conservation measures and intensify targeted conservation programs in order to ensure the long-term survival of this primate species.

The Cat Ba Langur Conservation Project

The Cat Ba Langur Conservation Project, initiated in 2000 by Allwetterzoo Munster and the Zoological Society for Species and Population Conservation, works together with Cat Ba National Park to protect primates and other endangered animal and plant species as well as their unique habitat. Since 2019, Leipzig Zoo has been responsible for implementing the project at Cat Ba, which also operates a rescue and conservation center for endangered primates in Vietnam. Descendants of Cat Ba langurs originally confiscated from the illegal wildlife trade are cared for and bred there. "Together with our Vietnamese and international partners, we have achieved a great deal in recent years to protect these unique langurs and their habitat. The doubling of the population is an outstanding example of successful holistic species and nature conservation. Nevertheless, it would be premature to call this highly endangered species saved. In the coming years, it will be increasingly important to effectively protect the habitat in the long term and, if necessary, to recolonize other habitats on the island," emphasizes Jorg Junhold, Director of Leipzig Zoo.
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Seeing a black hole's jet in a new light | ScienceDaily
Research led by the University of Michigan has pored over more than two decades' worth of data from NASA's Chandra X-Ray Observatory to show there's new knotty science to discover around black holes.


						
In particular, the study looks at the high-energy jet of particles being blasted across space by the supermassive black hole at the center of the galaxy Centaurus A.

Jets are visible to different types of telescopes, including those that detect radio waves and others that collect X-rays. Since Chandra's 1999 launch, many astronomers have been particularly interested in the unexpectedly bright X-ray signals from jets.

Still, it appeared that X-ray observations were essentially capturing the same features as their more established radio counterparts, which isn't the most exciting outcome.

Jets are massive cosmic structures -- some are larger than their host galaxies -- that still harbor many mysteries. If a jet looks the same to different instruments, that doesn't do any favors for the folks working to unravel these astrophysical puzzles.

"A key to understanding what's going on in the jet could be understanding how different wavelength bands trace different parts of the environment," said lead author David Bogensberger, a postdoctoral fellow at U-M. "Now we have that possibility."

The new study is the latest entry in a small but growing body of research that's digging deeper into data to spot subtle, meaningful differences between radio and X-ray observations.




"The jet in X-rays is different from the jet in radio waves," Bogensberger said. "The X-ray data traces a unique picture that you can't see in any other wavelength."

Bogensberger and an international team of colleagues published their findings in The Astrophysical Journal.

In its study, the team looked at Chandra's observations of Centaurus A from 2000 to 2022. Or, more accurately, Bogensberger developed a computer algorithm to do that. The algorithm tracked bright, lumpy features in the jet, which are called knots. By following knots that moved during the observation period, the team could then measure their speed.

The speed of one knot was particularly remarkable. In fact, it appeared to be moving faster than the speed of light because of how it moves relative to Chandra's vantage point near Earth. The distance between the knot and Chandra shrinks almost as fast as light can travel.

The team determined the knot's actual speed was at least 94% the speed of light. A knot in a similar location had previously had its speed measured using radio observations. That result clocked the knot with a significantly slower speed, about 80% the speed of light.

"What this means is that radio and X-ray jet knots move differently," Bogensberger said.




And that wasn't the only thing that stood out from the data.

For example, radio observations of knots suggested the structures closest to the black hole move the fastest. In the new study, however, Bogensberger and his colleagues found the fastest knot in a sort of middle region -- not the farthest from the black hole, but not the nearest to it either.

"There's a lot we still don't really know about how jets work in the X-ray band. This highlights the need for further research," Bogensberger said. "We've shown a new approach to studying jets and I think there's a lot of interesting work to be done."

For his part, Bogensberger will be using the team's approach to examine other jets. The jet in Centaurus A is special because it's the closest jet we know of at about 12 million light years away.

This relative proximity made it a good first option for testing and validating the team's methodology. Features like knots become more challenging to resolve in jets that are farther away.

"But there are other galaxies where this analysis can be done," Bogensberger said. "And that's what I plan to do next."
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Pythons can swallow even bigger prey than scientists realized | ScienceDaily
Burmese pythons can consume prey even larger than scientists realized, according to a new study.


						
That means more animals are on the menu across southern Florida, where the nonnative, invasive snakes have decimated populations of foxes, bobcats, raccoons and other animals.

Pythons swallow deer, alligators and other prey whole. What they eat is limited in part by how big an animal they can wrap their flexible, stretchy jaws around. Researchers call this the snake's gape.

University of Cincinnati Professor Bruce Jayne said measurements of snakes captured in and around Everglades National Park show that the biggest pythons have an even bigger gape than mathematical models would suggest.

Jayne examined three of the largest snakes captured by research partners Ian Easterling and Ian Bartoszek at the Conservancy of Southwest Florida measuring 15, 17 and 19 feet long.

Researchers previously examined pythons with a gape of 22 centimeters (or 8.7 inches) in diameter. But the largest of the snakes Jayne's research partners captured had a maximal gape of 26 centimeters (or 10.2 inches).

"That doesn't sound like a lot -- just 18% bigger," Jayne said.




But the total area of the gape increased by a whopping 40%, Jayne said. The largest snakes had a gape circumference of more than 81 centimeters -- the equivalent of a 32-inch waist on a pair of pants.

And that means snakes can consume far larger prey than was previously known. Based on prey items researchers found inside Burmese pythons, researchers know they will kill and consume animals nearly too big to swallow. Researchers observed one snake consuming a 77 pound deer representing two-thirds of the snake's total mass.

"Watching an invasive apex predator swallow a full-sized deer in front of you is something that you will never forget," Bartoszek said."The impact the Burmese python is having on native wildlife cannot be denied. This is a wildlife issue of our time for the Greater Everglades ecosystem."

Knowing the limits on the size of prey that predators can eat can help researchers predict the ecological impact the invasive snakes might have as they move into new areas.

The study was published in the journal Reptiles & Amphibians.

Burmese pythons are native to the rainforests of southeast Asia. They were introduced to the wilds of Florida through the pet trade as escapees and intentional releases from irresponsible owners.




What gives pythons the ability to eat such large animals is their incredible mouths. The lower jawbone is not fused at the front allowing the jaws to stretch wide. And their skin is so soft and super stretchy that it accounts for more than half the circumference of their gape, allowing the pythons to consume prey six times bigger than that of other similar-sized snake species.

Researchers examined the scaling relationship between the snake's gape and its cranial anatomy and overall size to understand its predatory capabilities.

Burmese pythons are about 24 inches long and weigh about 4 ounces when they hatch, but they grow fast. They can double their length and body weight in a year. The biggest adults can stretch nearly 20 feet and weigh more than 200 pounds.

"Big pythons longer than 16 feet are very rare. Of the more than 9,000 pythons that contractors have captured in Florida, less than 1% were of that extreme size," Jayne said.

The Conservancy of Southwest Florida began its Burmese python research and removal efforts in southern Florida in 2013.

The group tracked the movements of 120 radio-tagged adult pythons known as "scout snakes" to better understand the invasive population. Its primary objective is to create a database of behavior and habitat use to better understand python activity. This research helps to inform policymakers, biologists and land managers to develop better control strategies for the invasive snakes.

Bartoszek and his team have removed 770 pythons, collectively weighing more than 33,000 pounds, that are large enough at 6.5 feet or more to eat an animal at least the size of a baby deer. If each of these snakes were to consume just one deer as big as they could swallow, Jayne estimates that would represent a staggering 13,000 pounds of prey.

Jayne said this enormous capacity to eat prey is a big concern if pythons spread to other parts of Florida and potentially the rest of the American Southeast. Burmese pythons are showing up in more places across Florida.

"That's the tip of the iceberg of this phenomenal impact on prey populations in Florida," he said. "Researchers are trying to get a handle on where the spread might stop."
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Evidence mounts for dark energy from black holes | ScienceDaily
Almost 14 billion years ago, at the very beginning of the Big Bang, a mysterious energy drove an exponential expansion of the infant universe and produced all known matter, according to the prevailing inflationary universe theory.


						
That ancient energy shared key features of the current universe's dark energy, which is the largest mystery of our time by at least one objective standard: It makes up the majority -- roughly 70% -- of the universe, but scientists don't know exactly what it is.

"If you ask yourself the question, 'Where in the later universe do we see gravity as strong as it was at the beginning of the universe?' the answer is at the center of black holes," said Gregory Tarle, professor of physics at the University of Michigan and co-author of the study. "It's possible that what happened during inflation runs in reverse, the matter of a massive star becomes dark energy again during gravitational collapse -- like a little Big Bang played in reverse."

In a new study published in the Journal of Cosmology and Astroparticle Physics, Tarle and colleagues from five institutions are strengthening the case for this scenario with recent data from the Dark Energy Spectroscopic Instrument. DESI is made up of 5,000 robotic eyes mounted on the Mayall telescope at the Kitt Peak National Observatory on the land of the Tohono O'odham Nation.

"If black holes contain dark energy, they can couple to and grow with the expanding universe, causing its growth to accelerate" said Kevin Croker, lead author of the team's new study and an assistant research scientist at Arizona State University. "We can't get the details of how this is happening, but we can see evidence that it is happening."

Data from the first year of DESI's planned five-year survey shows tantalizing evidence that the density of dark energy increased in time. This provides a compelling clue supporting this idea of what dark energy is, the researchers said, because that increase in time agrees with how the amount and mass of black holes increased in time.

"When I first got involved with the project, I was very skeptical," said co-author Steve Ahlen, professor emeritus of physics at Boston University. "But I maintained an open mind throughout the entire process and when we started doing the cosmology calculations, I said, 'Well, this is a really nice mechanism for making dark energy.'"

The difference a DESI makes




To search for evidence of dark energy from black holes, the team used tens of millions of distant galaxies measured by DESI. The instrument peers billions of years into the past and collects data that can be used to determine how fast the universe is expanding with exquisite precision. In turn, these data can be used to infer how the amount of dark energy is changing in time.

The team compared these data to how many black holes were being made in the deaths of large stars across the history of the universe.

"The two phenomena were consistent with each other -- as new black holes were made in the deaths of massive stars, the amount of dark energy in the universe increased in the right way," said Duncan Farrah, associate professor of physics at the University of Hawai'i and co-author of the study. "This makes it more plausible that black holes are the source of dark energy."

This research complements a growing body of literature studying the possibility of cosmological coupling in black holes. A 2023 study, involving many of the authors on this paper, reported cosmological coupling in supermassive black holes within galactic centers. That 2023 report encouraged other teams to search for the effect in black holes across all the different places they can be found in the universe.

"Those papers investigate the link between dark energy to black holes by their rate of growth. Our new paper links black holes to dark energy by when they are born," said Brian Cartwright, an astrophysicist, co-author and former general counsel of the U.S. Securities and Exchange Commission.

A key difference in the new paper is that the majority of the relevant black holes are younger than those previously examined. These black holes were born in an epoch when star formation -- which tracks black hole formation -- was well underway, rather than just beginning.




"This occurs much later in the universe and is informed by recent measurements of black hole production and growth as observed with the Hubble and Webb space telescopes," said co-author Rogier Windhorst, an interdisciplinary scientist for the JWST and professor of earth and space exploration at Arizona State University.

"The next question is where these black holes are, and how they have been moving around for the past 8 billion years. Scientists are working to constrain this right now," Croker said.

Science demands more avenues of inquiry and observations, and now that DESI is online, this exploration for dark energy is just getting started.

"This will only bring more depth and clarity to our understanding of dark energy, whether that continues to support the black hole hypothesis or not," Ahlen said. "I think as an experimental endeavor, it's wonderful. You can have preconceived notions or not, but we're driven by data and observations."

Regardless of what those future observations bring, the work happening now represents a sea change in dark energy research, the team said.

"Fundamentally, whether black holes are dark energy, coupled to the universe they inhabit, has ceased to be just a theoretical question," Tarle said. "This is an experimental question now."
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Move along, moose: Study reveals the 'most Canadian' animals | ScienceDaily
What is the "most Canadian" animal? Spoiler: it's not the beaver, or the moose.


						
Published today in the journal The Canadian Field-Naturalist, the study from a team of Simon Fraser University researchers ranks, for the first time ever, species of terrestrial vertebrates in Canada by their level of Canadian evolutionary distinctness: the amount of time animals have evolved independently from other Canadian species.

High ranked species have no close national relatives and can embody up to a hundred million years of evolution shared with none other in the country.

The study found that, overall, amphibians and reptiles are Canada's most evolutionarily distinct species, with Apalone spinifera -- better known as the spiny softshell turtle -- being the most evolutionary distinct terrestrial animal in the land.

According to the study, the most nationally evolutionary distinct animals by taxonomic group are:
    	Spiny Softshell Turtle (turtles)
    	Mudpuppy (amphibians)
    	Northern Alligator lizard (reptiles)
    	Virginia Opossum (mammals)
    	Belted Kingfisher (birds)
    	Pond Slider (exotic species)

"We weren't surprised by the Opossum," says Emma Kominek, a master's student who collated the lists. "It's Canada's only Marsupial. But the aquatic mudpuppy salamander? That was interesting."

The authors considered all known Canadian vertebrates (222 mammal, 674 bird, 48 amphibian and 49 reptile living species) and created Top 20 lists for each group based on their national evolutionary distinctiveness (ED) scores.




Researchers measure ED by tracing a species' entire family tree. The further back in time a species connects to its family tree and the fewer relatives it has overall, the higher its ED score. For these national scores, the researchers considered just the species found in the country.

All the animals in the Top 20 rankings have long evolutionary histories and all have biological features that can't be found in any other species in Canada. Such species contribute more to the Canadian Tree of Life, an important concept in biology illustrating the history of life on earth.

"Conservation of species at risk is often done at the national level," says SFU biological sciences professor Arne Mooers, who sits on the Committee on the Status of Endangered Wildlife in Canada, and who led the research. "So, it made sense to consider our national evolutionary heritage in this way."

In the face of current pressures on biodiversity -- such as climate change, habitat loss and limited resources available for conservation -- Mooers says the study can serve as a new tool to help national policy-makers prioritize which species to focus conservation efforts on.

Researchers also rated the distinctness of exotic species; animals that are not native to Canada, but that have been introduced as a result of human activity. Exotic species are not currently considered suitable targets for conservation, but researchers were surprised to find that seven exotic animals cracked the Top 20 National lists.

"Some of these exotic species -- like the European Wall Lizard -- come from far away, so it makes sense they have no relatives in Canada" said Mooers. "But we were surprised to see the wild horse and feral pig high in the list." In the future, Mooers added, there could be value in considering exotic species as part of Canada's biodiversity.

And what of the mighty beaver's place as a national icon?

Parks Canada won't have to pull its likeness from its logos anytime soon.

Two species of beaver still cracked the Top 20 list as Canada's most distinct mammals: the ironically named American beaver and the mountain beaver at numbers three and six, respectively.
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Saturn's moon Titan has insulating methane-rich crust up to six miles thick | ScienceDaily
Saturn's largest moon Titan is the only place other than Earth known to have an atmosphere and liquids in the form of rivers, lakes and seas on its surface. Because of its extremely cold temperature, the liquids on Titan are made of hydrocarbons like methane and ethane, and the surface is made of solid water ice. A new study, led by planetary scientists at the University of Hawai'i at Manoa, revealed that methane gas may also be trapped within the ice, forming a distinct crust up to six miles thick, which warms the underlying ice shell and may also explain Titan's methane-rich atmosphere.


						
The research team, led by research associate Lauren Schurmeier, that also includes Gwendolyn Brouwer, doctoral candidate, and Sarah Fagents, associate director and researcher, in the Hawai'i Institute of Geophysics and Planetology (HIGP) in the UH Manoa School of Ocean and Earth Science and Technology (SOEST), observed in NASA data that Titan's impact craters are hundreds of meters shallower than expected and only 90 craters have been identified on this moon.

"This was very surprising because, based on other moons, we expect to see many more impact craters on the surface and craters that are much deeper than what we observe on Titan," said Schurmeier. "We realized something unique to Titan must be making them become shallower and disappear relatively quickly."

To investigate what might be beneath this mystery, the researchers tested in a computer model how the topography of Titan might relax or rebound after an impact if the ice shell was covered with a layer of insulating methane clathrate ice, a kind of solid water ice with methane gas trapped within the crystal structure. Since the initial shape of Titan's craters is unknown, the researchers modeled and compared two plausible initial depths, based on fresh-looking craters of similar size on a similar-size icy moon, Ganymede.

"Using this modeling approach, we were able to constrain the methane clathrate crust thickness to five to ten kilometers [about three to six miles] because simulations using that thickness produced crater depths that best matched the observed craters," said Schurmeier. "The methane clathrate crust warms Titan's interior and causes surprisingly rapid topographic relaxation, which results in crater shallowing at a rate that is close to that of fast-moving warm glaciers on Earth."

Methane-rich atmosphere 

Estimating the thickness of the methane ice shell is important because it may explain the origin of Titan's methane-rich atmosphere and helps researchers understand Titan's carbon cycle, liquid methane-based "hydrological cycle," and changing climate.




"Titan is a natural laboratory to study how the greenhouse gas methane warms and cycles through the atmosphere," said Schurmeier. "Earth's methane clathrate hydrates, found in the permafrost of Siberia and below the arctic seafloor, are currently destabilizing and releasing methane. So, lessons from Titan can provide important insights into processes happening on Earth."

Structure of Titan

The topography seen on Titan makes sense in light of these new findings. And constraining the thickness of the methane clathrate ice crust indicates that Titan's interior is likely warm -- not cold, rigid, and inactive as previously thought.

"Methane clathrate is stronger and more insulating than regular water ice," said Schurmeier. "A clathrate crust insulates Titan's interior, makes the water ice shell very warm and ductile, and implies that Titan's ice shell is or was slowly convecting."

"If life exists in Titan's ocean under the thick ice shell, any signs of life (biomarkers) would need to be transported up Titan's ice shell to where we could more easily access or view them with future missions," Schurmeier added. "This is more likely to occur if Titan's ice shell is warm and convecting."

With the NASA Dragonfly mission to Titan scheduled to launch in July 2028 and arrive in 2034, researchers will have an opportunity to make up-close observations of this moon and further investigate the icy surface, including a crater named Selk.
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Batteries for miniature bio-integrated devices and robotics | ScienceDaily
University of Oxford researchers have made a significant step towards realising miniature, soft batteries for use in a variety of biomedical applications, including the defibrillation and pacing of heart tissues. The work has been published today in the journal Nature Chemical Engineering.


						
The development of tiny smart devices, smaller than a few cubic millimeters, demands equally small power sources. For minimally invasive biomedical devices that interact with biological tissues, these power sources must be fabricated from soft materials. Ideally, these should also have features such as high capacity, biocompatibility and biodegradability, triggerable activation, and the ability to be controlled remotely. To date, there has been no battery that can fulfil these requirements all at once.

To address these requirements, researchers fromthe University of Oxford's Department of Chemistry and Department of Pharmacology have developed a miniature, soft lithium-ion battery constructed from biocompatible hydrogel droplets. Surfactant-supported assembly (assembly aided by soap-like molecules), a technique reported by the same group last year in the journal Nature, is used to connect three microscale droplets of 10 nanolitres volume. Different lithium-ion particles contained in each of the two ends then generate the output energy.

'Our droplet battery is light-activated, rechargeable, and biodegradable after use. To date, it is the smallest hydrogel lithium-ion battery and has a superior energy density' said Dr Yujia Zhang (Department of Chemistry, University of Oxford), the lead researcher for the study and a starting Assistant Professor at the Ecole Polytechnique Federale de Lausanne. 'We used the droplet battery to power the movement of charged molecules between synthetic cells and to control the beating and defibrillation of mouse hearts. By including magnetic particles to control movement, the battery can also function as a mobile energy carrier.'

Proof-of-concept heart treatments were carried out in the laboratory of Professor Ming Lei (Department of Pharmacology), a senior electrophysiologist in cardiac arrhythmias. He said: 'Cardiac arrhythmia is a leading cause of death worldwide. Our proof-of-concept application in animal models demonstrates an exciting new avenue of wireless and biodegradable devices for the management of arrhythmias.'

Professor Hagan Bayley (Department of Chemistry), the research group leader for the study, said: 'The tiny soft lithium-ion battery is the most sophisticated in a series of microscale power packs developed by Dr Zhang and points to a fantastic future for biocompatible electronic devices that can operate under physiological conditions.'

The researchers have filed a patent application through Oxford University Innovation. They envisage that the tiny versatile battery, particularly relevant to small-scale robots for bioapplications, will open up new possibilities in various areas including clinical medicine.
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'Well-man' thrown from castle identified from 800-year-old Norse saga | ScienceDaily

"This is the first time that a person described in these historical texts has actually been found," says Professor Michael D. Martin of the Norwegian University of Science and Technology's University Museum in Trondheim, Norway. "There are a lot of these medieval and ancient remains all around Europe, and they're increasingly being studied using genomic methods."

In 1938, bones were found in the well at Sverresborg Castle, but researchers at the time lacked the tools to do much aside from visual analysis. Now, radiocarbon dating and advanced gene-sequencing technology have allowed researchers to craft a more intricate picture of who the Well-man was. Radiocarbon dating confirmed that the body is approximately 900 years old, and studies conducted in 2014 and 2016 confirmed that the body belonged to a male who was between 30 and 40 years old at the time of death.

"The text is not absolutely correct -- what we have seen is that the reality is much more complex than the text," says archaeologist Anna Petersen of the Norwegian Institute of Cultural Heritage Research in Oslo, Norway.

"We can corroborate what actually happened in a more neutral way," says Dr. Martin Rene Ellegaard of the Norwegian University of Science and Technology. As part of his work toward a doctoral degree, Ellegaard used samples of a tooth obtained from the Well-man's skeleton to sequence his genome. Using this information, the team was able to ascertain that he most likely had blue eyes and blond or light-brown hair, and his ancestors likely hailed from the southernmost Norwegian county of present-day Vest-Agder.

The researchers were able to draw conclusions about the Well-man's ancestry thanks to a large amount of reference data from the genomes of modern-day Norwegians made available through a collaboration with Professor Agnar Helgason at deCODE Genetics in Iceland. "Most of the work that we do is reliant on having reference data," says Ellegaard. "So the more ancient genomes that we sequence and the more modern individuals that we sequence, the better the analysis will be in the future."

"Those reference data are literally thousands of genomes of modern Norwegians and many thousands of other European genomes," says Martin.




However, this technology has its limitations, as sampling the Well-man's genome required removing the outer surface from his tooth -- to avoid contamination from those who had handled it in non-sterile environments, such as during excavation -- and grinding the tooth into a powder. This means that the sample can no longer be used for further tests, and researchers were not able to get data on any pathogens the Well-man may have been carrying at his time of death.

"It was a compromise between removing surface contamination of the people who have touched the tooth and then removing some of the possible pathogens ... there are lots of ethical considerations," says Ellegaard. "We need to consider what kind of tests we're doing now because it will limit what we can do in the future."

The researchers say that they would like to test samples from other historical figures. "The important Norwegian Saint Olaf is thought to be buried somewhere in Trondheim Cathedral," says Martin, "so I think that if eventually his remains are uncovered, there could be some effort to describe him physically and trace his ancestry using genetic sequencing."

Speaking to this new technique of blending of history and science, Petersen concludes, "It's a fantastic result on what Ellegaard and Martin's method can bring to archaeology in such a strange or rare context like this is."
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Human actions likely cause insect color change | ScienceDaily
New Zealand's native stoneflies have changed colour in response to human-driven environmental changes, new research shows.


						
Just published in the journal Science, the University of Otago study provides arguably the world's most clear-cut case of animal evolution in response to change made by humans.

Co-author Professor Jon Waters, of the Department of Zoology, says the stonefly has become a different colour due to recent deforestation.

"In natural forested regions, a native species has evolved 'warning' colours that mimic those of a poisonous forest species, to trick predators into thinking they are poisonous too.

"But the removal of forests since humans arrived has removed the poisonous species. As a result, in deforested regions the mimicking species has abandoned this strategy -- as there is nothing to mimic -- instead evolving into a different colour."

Scientists have long wondered whether humans are causing evolutionary changes in natural populations.

The most well-known example of evolution caused by humans was the peppered moth population in the United Kingdom, which changed colour in response to industrial pollution in the 1800s.




But Professor Waters says even that case has been considered controversial.

This new study shows how humans have changed the way native species interact.

Co-author Dr Graham McCulloch says humans have disrupted ecological interactions between species that evolved over millions of years, but some of our native species are resilient enough to overcome this.

"This study is important because it shows that, at least for some of our native species, there is the possibility of adapting to the environmental changes caused by humans, even when the change is rapid," Dr McCulloch says.

"It also shows that independent populations have undergone similar changes in response to deforestation -- there have been similar shifts independently in different parts of the species' range -- showing that evolution can be a predictable process."
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Gut bacteria transfer genes to disable weapons of their competitors | ScienceDaily
Bacteria evolve rapidly in the human gut by sharing genetic elements with each other. Bacteriodales is a prolific order of gut bacteria that trade hundreds of genetic elements. Little is known, however, about the effects of these DNA transfers, either to the fitness of the bacteria or the host.


						
New research from the University of Chicago shows that a large, ubiquitous mobile genetic element changes the antagonistic weaponry of Bacteroides fragilis, a common bacterium of the human gut. Acquisition of this element shuts down a potent weapon of B. fragilis, yet arms it with a new weapon to which the strain that donated the DNA is protected. These weapons help the bacteria carve out niches in the tightly packed recesses of the gut.

Laurie Comstock, PhD, Professor of Microbiology and member of the Duchossois Family Institute at UChicago, and senior author of the new study, has been studying different antagonistic mechanisms of Bacteroidales and the way they transfer DNA for more than 10 years. "These organisms evolve rapidly by DNA transfers. It's quite amazing," she said. "We knew that some strains of B. fragilis couldn't fire their weapons, but when we saw it was due to the acquisition of a large mobile genetic element, that's when we knew we found something interesting."

The study, "A ubiquitous mobile genetic element changes the antagonistic weaponry of a human gut symbiont," was published October 24 in Science.

A spring-loaded, poison-tipped spear

Many Bacteroidales species can kill neighboring bacteria by producing toxins. Some of these toxins simply diffuse from the bacterial cell into the surrounding environment, killing nearby sensitive strains. Another weapon is the type VI secretion system (T6SS), which is a nanomachine containing a pointed, spring-loaded tube loaded with toxins. When it fires, it injects toxins directly into neighboring cells like a poison-tipped spear.

The Bacteroidales T6SS comes in three different types, or genetic architectures. One, genetic architecture 3 (GA3), is exclusive to B. fragilis and is very effective at killing other Bacteroidales species. The other two types, GA1 and GA2, are encoded by genes contained on large mobile genetic elements called integrative and conjugative elements (ICEs). These GA1 and GA2 ICEs are rapidly transferring between Bacteroidales species in the human gut throughout the world. However, scientists have yet to observe the same, lethal potency in GA1 and GA2 T6SSs as they have for the GA3 T6SS.




"The ICE containing the GA1 T6SS ICE is racing through human populations, and rapidly transferring to numerous Bacteroidales species in a person's gut," Comstock said.

Comstock's team started studying natural B. fragilis isolates that had a GA3 T6SS or had both a GA3 and GA1 ICE. Those with both ICEs no longer fired the GA3 weapon and could no longer kill other Bacteriodales species. To show this was due to the addition of the GA1 ICE to these strains, they transferred the GA1 ICE into B. fragilis strains with only the GA3 T6SS and showed that the resulting new strains, or "transconjugants," were similarly unable to antagonize other strains with their GA3 T6SS.

The researchers then deleted portions of the GA1 ICE to see which region of the 116 kilobase ICE was shutting off the GA3 weapon. They found that a portion of the GA1 T6SS region encoding the membrane complex of the GA1 nanomachine prevented GA3 T6SS firing.

Next, the team wanted to see how the strains would compete in the mammalian gut. They orally inoculated gnotobiotic (germ-free) mice with equal numbers of isogenic, wild-type B. fragilis (GA3 T6SS only) and the GA3/GA1 ICE transconjugant. The transconjugant quickly outcompeted the wild-type strain in the mice. The investigators went on to show that that this competition was due to antagonism using the GA1 T6SS, the first demonstration of potent antagonism by the GA1 T6SS.

"We didn't know if the GA1 containing strain was going to be antagonistic, so we thought the progenitor GA3 strain would win that battle in the gut," Comstock said. "But that was not what happened."

Switching sides and going on defense

The most unexpected finding from this experiment was that in the mouse gut, the GA3 T6SS was not being made at all. They later showed that a gene carried on the GA1 ICE encodes a transcriptional repressor that shuts down transcription of the entire GA3 T6SS, allowing even better production of the GA1 T6SS.




The overall effect of the transfer of this DNA element has consequences for the gut microbial community. The Bacteroidales strains containing the GA1 ICE are killed by the B. fragilis GA3 T6SS, but if one of these strains can transfer their GA1 ICE into the attacking B. fragilis strain, they create a strain that outcompetes the progenitor B. fragilis strain. This new strain no longer targets the donor strain and can also use the GA1 T6SS to communally defend the ecosystem from invasion by other Bacteroidales strains.

Comstock plans to continue studying this diverse family of transcriptional repressors that are frequently carried on mobile genetic elements of the Bacteroidales and their effects in recipient strains.

"This family of transcriptional repressors can be inactivated when they bind specific ligands. We would love to identify the ligands in the gut that derepress their activity," she said.

The study also showed that in the mouse gut, the GA1 ICE transfer occurred rapidly, helping the transconjugant become a large component of the of the population. This suggests that researchers creating synthetic consortia of bacteria for therapeutics need to account for the effects of genetic transfer.

"As bacteria are being selected for inclusion in consortia as biotherapeutics, it is important to safeguard against introducing anything that could be transferred into or out of these strains that might have deleterious effects," Comstock said.
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