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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.


      
        A look into the dark
        How can the latest technology, such as solar cells, be improved? An international research team is helping to find answers to questions like this with a new technique. For the first time, the formation of tiny, difficult-to-detect particles -- known as dark excitons -- can be tracked precisely in time and space. These invisible carriers of energy will play a key role in future solar cells, LEDs and detectors.

      

      
        Topical mupirocin lowers lupus inflammation
        Systemic lupus erythematosus commonly presents as a rash. The rashes are caused by inflammation from the immune system fighting the body.

      

      
        New atom-based thermometer measures temperature more accurately
        Scientists have developed a new method for measuring temperature extremely accurately by using giant 'Rydberg' atoms. This atomic thermometer provides accurate measurements 'out of the box,' without needing initial factory adjustments, because it relies on the basic principles of quantum physics. By using Rydberg atoms' sensitivity to environmental changes, this technique could simplify temperature sensing in extreme environments, from space to high-precision industries.

      

      
        Antarctic fast ice secrets
        Scientists have successfully analyzed more than 30 years of vital data on the thickness of landfast sea ice in Antarctica's McMurdo Sound, which will prove useful to measure future impacts of climate change.

      

      
        Study finds three new safe, effective ways to treat drug-resistant tuberculosis
        Study finds three new safe and effective drug regimens to fight multidrug-resistant TB. The treatments, which include recently discovered TB drugs, give new options for shorter, personalized treatment and are cleared for use for more people than ever.

      

      
        A weekly injection could replace painful daily treatment for rare fat disorder
        A diabetes drug may beat costly shots for patients with a rare genetic condition, according to a Rutgers Health study.

      

      
        New training approach could help AI agents perform better in uncertain conditions
        AI agents trained in simulations that differ from the environments where they are deployed sometimes perform better than agents trained and deployed in the same environment, research shows.

      

      
        Materials can 'remember' a sequence of events in an unexpected way
        Many materials store information about what has happened to them in a sort of material memory, like wrinkles on a once crumpled piece of paper. Now, a team of physicists has uncovered how, under specific conditions, some materials seemingly violate underlying mathematics to store memories about the sequence of previous deformations.

      

      
        Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties
        Scientists have discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair. After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair 'sebum' (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it v...

      

      
        Need for better wildfire readiness in Eastern Coachella Valley
        A study highlights the need for improved wildfire preparedness tailored to disadvantaged communities in unincorporated areas of the Eastern Coachella Valley and identifies effective ways to bridge critical communication gaps.

      

      
        A window into the future of Amazonia
        New research from a team of tropical biologists forecasts some of the changes that may occur in the Amazon rainforest as temperatures rise due to climate change.

      

      
        Creating nanoislands for better platinum catalysts
        A new technique to trap clusters of platinum atoms in nanoscale islands could lead to more efficient catalysts for the chemical industry.

      

      
        Chemical looping turns environmental waste into fuel
        Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.

      

      
        Changing cholesterol over time tied to risk of dementia
        Older adults whose cholesterol changes over time may be more likely to develop dementia than people whose cholesterol is stable, regardless of the actual cholesterol level, according to a new study.

      

      
        The benefits of speaking multiple languages
        New psychology research indicates that multilingual children may have enhanced executive function and perspective taking skills.

      

      
        A less 'clumpy,' more complex universe?
        New research has combined cosmological data from two major surveys of the universe's evolutionary history and found hints that it may be less clumpy at certain points than previously thought. Their findings suggest that the universe may have become more complex with advancing age.

      

      
        Scientists 'mimic real biological processes' using synthetic neurons
        A new collaboration has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons.

      

      
        Diagnostic stewardship optimizes detection of appendicitis
        Although the delayed diagnosis of appendicitis is dangerous, over-testing can also be harmful.

      

      
        Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water
        Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water.

      

      
        Researchers uncover key insights into how the body protects against neuron damage
        New research on nematodes reveals how glial cells maintain and monitor neuronal dendrites.

      

      
        Oceanic plate between Arabian and Eurasian continental plates is breaking away
        An international research team has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to...

      

      
        New ways to modulate cell activity remotely
        Cells are dynamic, fast-changing, complex, tiny, and often hard-to-see in environments that don't always behave in predictable ways when exposed to external stimuli. Now, researchers have found new ways to modulate cell activity remotely.

      

      
        Common plastic pigment promotes depolymerization
        This startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment to jumpstart the degradation. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies. I...

      

      
        The secret life of catalysts: New discoveries in chemical reactions
        Scientists have made an advancement in the field of electrocatalysis. Their latest research sheds light on how catalysts can stay in unanticipated forms during the process of nitrate reduction. The study offers new insights that could pave the way for more efficient catalyst design.

      

      
        Protecting the Plains: Conserving prairie dogs will revitalize North America's grasslands
        Researchers have identified priority areas for conserving the black-tailed prairie dog in the United States. Protecting these regions will also benefit North America's Central Grasslands and the many associated grassland species that flourished there centuries ago.

      

      
        New acoustic wave phenomenon discovered
        This novel finding regarding the nonreciprocal diffraction of acoustic waves could open doors for next-generation communication devices.

      

      
        The hidden power of the smallest microquasars
        Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.

      

      
        New insights into the perception of coffee taste -- genetic predisposition plays a role
        Why does coffee taste more bitter to some people than it does to others? Researchers have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.

      

      
        Study reveals how microbes help detoxify our atmosphere
        Researchers have discovered crucial new information about how microbes consume huge amounts of carbon monoxide (CO) and help reduce levels of this deadly gas.

      

      
        Weather change linked to increased risk of Salmonella outbreaks
        Climate change is impacting the spread of Salmonella, according to new research. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.

      

      
        Green phosphonate chemistry -- Does it exist?
        Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.

      

      
        New study improves the trustworthiness of wind power forecasts
        By applying techniques from explainable artificial intelligence, engineers can improve users' confidence in forecasts generated by artificial intelligence models. This approach was recently tested on wind power generation.

      

      
        Research leads to viable solution for polycotton textile waste recycling
        Researchers present a solution to the challenging problem of recycling poly-cotton textile waste. The process starts with fully removing all cotton from the fabric using superconcentrated hydrochloric acid at room temperature. The cotton is converted into glucose, which can be used as a feedstock for biobased products such as renewable plastics. The remaining polyester fibers can be reprocessed using available polyester recycling methods.

      

      
        Even quantum physics obeys the law of entropy
        The universe is getting more disordered, entropy is growing -- this is the second law of thermodynamics. But according to quantum theory, entropy should actually stay the same. Scientists took a closer look and resolved this apparent contradiction.

      

      
        Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics
        A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers.

      

      
        Blood-powered toes give salamanders an arboreal edge
        Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery. A new study reveals the answer may have a lot to do with a surprising mechanism: blood-powered toes.

      

      
        Better nurse staffing linked to fewer C-sections
        Labor and delivery units that are adequately staffed by nurses have lower cesarean birth rates, according to new research published in the journal Nursing Outlook.

      

      
        Improving the way flash memory is made
        The narrow, deep holes required for one type of flash memory are made twice as fast with the right recipe, which includes a plasma made from hydrogen fluoride.

      

      
        Guided self-help makes treating children with obesity easier and more affordable
        According to a new study, self-guided family therapy for obesity could work just as well as traditional approaches at a fraction of the cost.

      

      
        No differences between dementia care approaches on patient behavioral symptoms or caregiver strain
        Research comparing different approaches to dementia care for people with Alzheimer's disease and other dementias found no significant differences in patient behavioral symptoms or caregiver strain, whether delivered through a health system, provided by a community-based organization, or as usual care over an 18-month period -- but did improve caregiver confidence in managing dementia-related challenges.

      

      
        Landmark genetic study: Fresh shoots of hope on the tree of life
        In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.

      

      
        Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon
        A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.

      

      
        Research contrasts drought sensitivity of Eurasian and North American grasslands
        Grasslands in Asia and North America differ in their responses to drought, according to a new article. The findings show that differences in the dominant grasses and lower species diversity in the Eurasian Steppe grasslands may make it more vulnerable to drought than the North American Great Plains.

      

      
        Life's building blocks in Asteroid Bennu samples
        Scientists detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.

      

      
        Pairing old and new technologies could unlock advances in plankton science
        New research highlights the benefits of combining existing long-term plankton monitoring programs and emerging technologies in monitoring the health of our seas.

      

      
        Exploring mysteries of Asteroid Bennu
        Scientists found that asteroid Bennu contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago.

      

      
        Advanced brain circuit-mapping technique reveals new anxiety drug target
        Investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.

      

      
        Moon is not as 'geologically dead' as previously thought
        Scientists developed advanced dating methods to track geological changes on the far side of the moon and found evidence of relatively recent activity.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        Relative of deadly Hendra virus found in the US
        Researchers have identified the first henipavirus in North America.
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A look into the dark | ScienceDaily
How can the latest technology, such as solar cells, be improved? An international research team led by the University of Gottingen is helping to find answers to questions like this with a new technique. For the first time, the formation of tiny, difficult-to-detect particles -- known as dark excitons -- can be tracked precisely in time and space. These invisible carriers of energy will play a key role in future solar cells, LEDs and detectors. The results were published in Nature Photonics.


						
Dark excitons are tiny pairs made up of one electron together with the hole it leaves behind when it is excited. They carry energy but cannot emit light (hence the name "dark"). One way to visualise an exciton is to imagine a balloon (representing the electron) that flies away and leaves behind an empty space (the hole) to which it remains connected by a force known as a Coulomb interaction. Researchers talk about "particle states" that are difficult to detect but are particularly important in atomically thin, two-dimensional structures in special semiconductor compounds.

In an earlier publication, the research group led by Professor Stefan Mathias from the Faculty of Physics at the University of Gottingen was able to show how these dark excitons are created in an unimaginably short time and describe their dynamics with the help of quantum mechanical theory. In the current study, the team has now developed a new technique known as "Ultrafast Dark-field Momentum Microscopy," and used it for the first time. This enabled them to show how dark excitons are formed in a special material made of tungsten diselenide (WSe2) and molybdenum disulphide (MoS2) -- and in an astonishing time, lasting just 55 femtoseconds (0.000000000000055 seconds) measured with a precise resolution of 480 nanometres (0.00000048 metres).

"This method enabled us to measure the dynamics of charge carriers very precisely," explains first author Dr David Schmitt, also from Gottingen University's Faculty of Physics. "The results provide a fundamental insight into how the properties of the sample influence the movement of the charge carriers. This means that this technique can be used in future to specifically improve the quality and therefore also the efficiency of solar cells, for example." Dr Marcel Reutzel, Junior Research Group Leader in Mathias' research group, adds: "This means that this technique can be used not only for these specially designed systems, but also for research into new types of materials."

The research was supported by the DFG-funded Collaborative Research Centres "Control of Energy Conversion on Atomic Scales" and "Mathematics of Experimentation" in Gottingen and the Collaborative Research Centre "Structure and Dynamics of Inner Interfaces" in Marburg.
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Topical mupirocin lowers lupus inflammation | ScienceDaily
Systemic lupus erythematosus, more commonly known as lupus, has a variety of symptoms and room for improvement when it comes to treatment.


						
Cutaneous lupus erythematosus is a common manifestation of systemic lupus erythematosus.

The condition is characterized by rashes on various parts of the body including the face and scalp, hair loss and scarring of the skin.

The rashes are caused by inflammation from the immune system fighting the body.

The standard treatment for cutaneous lupus erythematosus is using immunosuppressants and biologic drugs to reduce inflammation.

While the medications can be helpful, many patients with systemic lupus erythematosus already take a high number of drugs and are looking for other treatment methods other than pills.

J. Michelle Kahlenberg, M.D., Ph.D., a professor of internal medicine in the Division of Rheumatology at University of Michigan Health led a team of researchers looking at one of these alternatives, a topical treatment called mupirocin.




This trial was based on Kahlenberg's previous discovery that cutaneous lupus rashes are often colonized with a common skin bacteria, Staphyloccous areus, also known asstaph, and contributes to inflammation in the rashes.

Mupirocin kills this type of bacteria.

The study randomly selected systemic lupus erythematosus patients currently experiencing cutaneous lupus erythematosus flares to treat their skin lesions with mupirocin or with an inactive control, petrolatum jelly.

Samples from the nose and lesional skin were used to determine baseline and post treatment Staphylococcus abundance and microbial community profiles.

Paired samples collected prior to treatment with the topical solution and seven days after treatment showed decreases in lesional staphylococcus aureusin the mupirocin treated samples.

Importantly, the reduction in staph also was accompanied by a reduction in inflammatory signals, including interferon-driven gene expression, in the lesions.




"In addition to decreasing the inflammation by decreasing lesional staphylococcus aureus, the mupirocin treatment also lowered skin monocyte levels, which are important in driving cutaneous lupus," said Kahlenberg.

Mupirocin is a prescription treatment, and while this early study showed signs of decreasing inflammation, the study wasn't designed to see if it can decrease the rash of cutaneous lupus erythematosus.

"Additional larger studies are needed to determine whether topical antibiotics will be helpful to make rashes go away," Kahlenberg said.

"However, this is an exciting first step to show that there may be additional treatments that can improve inflammation beyond our usual immunosuppressant and biologic drugs."
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New atom-based thermometer measures temperature more accurately | ScienceDaily
Scientists at the National Institute of Standards and Technology (NIST) have created a new thermometer using atoms boosted to such high energy levels that they are a thousand times larger than normal. By monitoring how these giant "Rydberg" atoms interact with heat in their environment, researchers can measure temperature with remarkable accuracy. The thermometer's sensitivity could improve temperature measurements in fields ranging from quantum research to industrial manufacturing.


						
Unlike traditional thermometers, a Rydberg thermometer doesn't need to be first adjusted or calibrated at the factory because it relies inherently on the basic principles of quantum physics. These fundamental quantum principles yield precise measurements that are also directly traceable to international standards.

"We're essentially creating a thermometer that can provide accurate temperature readings without the usual calibrations that current thermometers require," said NIST postdoctoral researcher Noah Schlossberger.

Revolutionizing Temperature Measurement

The research, published in Physical Review Research, is the first successful temperature measurement using Rydberg atoms. To create this thermometer, researchers filled a vacuum chamber with a gas of rubidium atoms and used lasers and magnetic fields to trap and cool them to nearly absolute zero, around 0.5 millikelvin (thousandths of a degree). This means the atoms were essentially not moving. Using lasers, they then boosted the atoms' outermost electrons to very high orbits, making the atoms approximately 1,000 times larger than ordinary rubidium atoms.

In Rydberg atoms, the outermost electron is far away from the core of the atom, making it more responsive to electric fields and other influences. This includes blackbody radiation, the heat emitted by surrounding objects. Blackbody radiation can cause electrons in Rydberg atoms to jump to even higher orbits. Rising temperatures increase the amount of ambient blackbody radiation and the rate of this process. Thus, researchers can measure temperature by tracking these energy jumps over time.

This approach enabled the detection of even the most minor temperature changes. While there are other types of quantum thermometers, Rydberg thermometers can measure the temperature of their environment from about 0 to 100 degrees Celsius without needing to touch the object being measured.




This breakthrough not only paves the way for a new class of thermometers but is particularly significant for atomic clocks, because blackbody radiation can reduce their accuracy.

"Atomic clocks are exceptionally sensitive to temperature changes, which can cause small errors in their measurements," said NIST research scientist Chris Holloway. "We're hopeful this new technology could help make our atomic clocks even more accurate."

Beyond precision science, the new thermometer could have wide-ranging applications in challenging environments from spacecraft to advanced manufacturing plants, where sensitive temperature readings are essential.

With this development, NIST continues to push the boundaries of science and technology.

"This method opens a door to a world where temperature measurements are as reliable as the fundamental constants of nature," Holloway added. "It's an exciting step forward for quantum sensing technology."
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Antarctic fast ice secrets | ScienceDaily
University of Otago -- Otakou Whakaihu Waka scientists have successfully analysed more than 30 years of vital data on the thickness of landfast sea ice in Antarctica's McMurdo Sound, which will prove useful to measure future impacts of climate change.


						
The study, published in the Journal of Geophysical Research: Oceans, set out to discover what key influences determine the thickness of landfast sea-ice, known as fast ice, using data from 1986 to 2022.

Fast ice is frozen ocean water that is attached to shorelines and persists for at least 15 days. It provides vital habitats for penguins and seals, as well as fish, krill and algae underneath the ice.

Scientists also traverse around McMurdo Sound on fast ice to perform experiments and measure the ocean underneath and the atmosphere above. The ice needs to be stable and thick enough to do this safely.

Instead of a long-term trend of increasing or declining thickness, the researchers found storm events, air temperature and winter wind speed cause fast ice thickness to vary year to year.

Lead researcher Dr Maren Richter, who completed the research as part of her PhD at Otago, says fast ice in McMurdo Sound has not (yet) seen strong effects of climate change.

"The ocean/ice/atmosphere system there seems to still be able to balance out effects of climate change.




"We see a slight increase in air temperatures over the last 10 years of our study period, but if we look at air temperature over a longer time period (from the mid-1980s to now) there is no clear trend," she says.

The study data shows what variability is 'normal' for the fast ice in McMurdo Sound and this can then be used to detect when things start to change, for example if a year is unusual or if a series of years start to form a trend toward different fast ice conditions.

"The data analysed shows how important it is to monitor the Antarctic regularly and over many years. Only long time series of observations allow us to distinguish between natural variability and trends influenced by climate change."

She hopes the new study will be useful for modellers to predict variations year to year, which would be useful for scientists planning research on the ice or to research station operators who want to know what ship to use to resupply the stations.

The study could also be used to verify and train models that look decades into the future and try to see what average fast ice conditions will be like in 100 years' time with a lot more carbon dioxide in the atmosphere.

"Now might be the last time we can observe some systems before effects of climate change dominate over natural variability."

Co-author and Dr Richter's primary PhD supervisor, Associate Professor Inga Smith, of the Department of Physics, says although the total fast ice area is much smaller than the pack ice (broken up sea ice) in Antarctica, it has very important roles to play in Earth's climate system and for the breeding success of penguins and seals.




"We know very little about how fast ice behaves over long periods of time which means we cannot currently predict future changes," she says.

Dr Richter points out that 30 years of observations is still "quite short" when talking about trends in climate.

"There might have been changes in earlier years which we do not know about because we were not measuring fast ice thickness.

"I also want to stress that although there was no trend in fast ice thickness in McMurdo Sound, other areas around Antarctica do show trends in fast ice thickness, extent and persistence."

*Dr Richter's PhD research was supervised by Associate Professor Inga Smith, Dr Greg Leonard, of the School of Surveying, and Professor Pat Langhorne, of the Department of Physics.
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Study finds three new safe, effective ways to treat drug-resistant tuberculosis | ScienceDaily
Tuberculosis remains one of the top infectious disease killers worldwide, a challenge amplified by drug-resistant forms of the disease. Now, in a major step forward, an international clinical trial has found three new safe and effective drug regimens for tuberculosis that is resistant to rifampin, the most effective of the first-line antibiotics used to treat TB.


						
The research, published Jan. 30 in the New England Journal of Medicine, was led by researchers at Harvard Medical School and other members of the endTB project, a collaboration among Partners In Health, Medecins Sans Frontieres, and Interactive Research and Development, with help from researchers and clinicians at academic medical centers and research hubs worldwide.

The newly identified regimens take advantage of recently discovered drugs to expand the treatment arsenal and give physicians new ways to shorten and personalize treatment, minimize side effects, and treat patients using only pills instead of daily injections. They also offer alternatives in case of drug intolerance, medication shortages or unavailability, or drug resistance, the researchers said.

The endTB trial is one of four recent efforts to use randomized controlled trials to test new, shorter, less toxic regimens for drug-resistant TB. endTB uses two new drugs -- bedaquiline and delamanid -- which, when brought to market in 2012-2013, were the first new TB medicines developed in nearly 50 years.

To find shorter, injection-free drug combinations for people infected with TB resistant to rifampin, endTB tested five new, all-oral 9-month regimens using the two new drugs in combination with older medications.

A third drug, pretomanid, received emergency authorization from the FDA for specific use within a regimen against highly drug-resistant TB in 2019, after the endTB clinical trial was underway, and is not included in the regimens used in these trials.

Trial regimens were considered effective if they performed at least as well as the control group, which received a well-performing standard of care composed in accordance with a stringent interpretation of World Health Organization (WHO) recommendations.




The three successful new regimens were successful for between 85 and 90 percent of patients, compared with 81 percent success for people in the control group. The control group was treated with longer treatments, which also included the recently discovered medicines.

The trial launched in 2017 and enrolled 754 patients across seven countries: Georgia, India, Kazakhstan, Lesotho, Pakistan, Peru, and South Africa. The goal was to improve treatment for patients with tuberculosis resistant to rifampin. The WHO estimates that some 410,000 people become sick with rifampin-resistant TB each year, including people who have multidrug-resistant TB (MDR-TB). Only 40 percent are diagnosed and treated, 65 percent of them successfully.

The study population included children as well as people infected with HIV or hepatitis C, both common in populations with high rates of TB. In another innovation, women who became pregnant while on treatment were included in the endTB trial. These groups are often excluded from clinical trials. In a special report published in August 2024, the WHO added the three noninferior regimens from the endTB trial to the list of treatment options for rifampin-resistant and multidrug-resistant TB (MDR-TB) treatment; the recommendations extend to these neglected groups as well as to pregnant women.

With recent efforts to end patent exclusivity on bedaquiline, two of the endTB regimens and the WHO-recommended pretomanid-containing regimen can all be purchased for less than $500, an access target set by activists more than 10 years ago, which has only just now been achieved. All of these innovations together mean the new shortened, all-oral regimens are available to more people than ever.

The endTB trial is part of a major transformation in how the world treats tuberculosis, said the trial's co-principal investigator, Carole Mitnick, professor of global health and social medicine in the Blavatnik Institute at HMS and PIH's director of research for the endTB project.

"This Harvard-led partnership among NGOs, ministries of health, and other academic partners identified three new regimens that will make lifesaving care dramatically more accessible," Mitnick said. "We also resolved a critical question left open by pharmaceutical industry trials that brought bedaquiline and delamanid to market: How can these new drugs be used to shorten and simplify treatment while retaining efficacy?"

Until recently, Mitnick said, poor treatment options and low-quality evidence made it difficult to stem the tide of preventable deaths from tuberculosis. For many years, the only approved treatment regimens lasted years and included daily injections and highly toxic medications with often-severe side effects.
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A weekly injection could replace painful daily treatment for rare fat disorder | ScienceDaily
Rutgers Health researchers have found that a weekly injection of diabetes medication could replace painful daily hormone shots for people with a rare genetic form of lipodystrophy that leaves patients with almost zero fat tissue, according to a study in The New England Journal of Medicine.


						
Congenital generalized lipodystrophy (CGL), which affects only a few thousand people worldwide, results in severe metabolic disease, diabetes, insulin resistance and reduced life expectancy. With no fat tissue for proper storage, fat accumulates in organs such as the liver, leading to extreme insulin resistance and diabetes.

"These patients are severely ill and face markedly reduced life expectancy due to profound insulin resistance," said Christoph Buettner, chief of endocrinology, metabolism, and nutrition at Rutgers Robert Wood Johnson Medical School and senior author of the study.

Currently, the standard treatment for CGL involves daily injections of metreleptin, a synthetic version of the hormone leptin, which is naturally produced exclusively by fat tissue. However, daily leptin shots are both expensive -- costing hundreds of thousands of dollars annually -- and particularly painful for CGL patients.

"When you inject yourself with, for example, insulin, you inject into subcutaneous fat, but these patients don't have that," said Svetlana Ten, associate professor of pediatrics and first author of the study. "Each injection is painful."

In the recent study, researchers explored if the diabetes and obesity drug tirzepatide(the active ingredient in Zepbound and Mounjaro) could improve CGL, as it improves insulin resistance. Tirzepatide is administered through a weekly injection, potentially reducing the burden and pain associated with CGL treatment. It is also much more affordable than metreleptin.

The first patient, a 23-year-old man who had refused the painful daily treatments with leptin and insulin for 2 years, saw his average blood glucose drop from 252 to 128 milligrams per deciliter after three weeks on the maximum dose of tirzepatide. His blood glucose, which had been at healthy levels between 70 and 140 milligrams per deciliter in 8% of readings, remained at healthy levels in 93% of readings, an almost complete normalization without the need to inject insulin.




The second patient, a 64-year-old woman who required supplemental insulin injections because leptin alone couldn't control her blood glucose, achieved normal blood glucose levels with tirzepatide alone.

"The surprise here was that when we stopped leptin and gave tirzepatide, the patient was very well controlled, probably better than while she was taking leptin," Buettner said. "Leptin is an important hormone, made only by fat tissue, that is an important regulator of metabolism, so leptin therapy made intuitive sense in patients with CGL. The hormone GLP1, which is mimicked by tirzepatide, is not made in adipose tissue, and while tirzepatide is an insulin sensitizer, we did not expect it would have such potency in patients with CGL."

While both tirzepatide and leptin work in the brain, they do so through different signaling pathways, acting on different neurons in distinct brain regions. This suggests that leptin and GLP1 signaling may have more extensive overlap than so far suggested.

The researchers plan a larger trial to validate these initial results, though recruiting enough patients will be challenging given the condition's rarity.

If the results hold up in larger studies, tirzepatide could offer CGL patients an easier and potentially more affordable treatment option. However, Buettner said more research is needed to evaluate both the long-term efficacy and safety in this specific patient population and beyond that in other leptin-deficient conditions.
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New training approach could help AI agents perform better in uncertain conditions | ScienceDaily
A home robot trained to perform household tasks in a factory may fail to effectively scrub the sink or take out the trash when deployed in a user's kitchen, since this new environment differs from its training space.


						
To avoid this, engineers often try to match the simulated training environment as closely as possible with the real world where the agent will be deployed.

However, researchers from MIT and elsewhere have now found that, despite this conventional wisdom, sometimes training in a completely different environment yields a better-performing artificial intelligence agent.

Their results indicate that, in some situations, training a simulated AI agent in a world with less uncertainty, or "noise," enabled it to perform better than a competing AI agent trained in the same, noisy world they used to test both agents.

The researchers call this unexpected phenomenon the indoor training effect.

"If we learn to play tennis in an indoor environment where there is no noise, we might be able to more easily master different shots. Then, if we move to a noisier environment, like a windy tennis court, we could have a higher probability of playing tennis well than if we started learning in the windy environment," explains Serena Bono, a research assistant in the MIT Media Lab and lead author of a paper on the indoor training effect.

The researchers studied this phenomenon by training AI agents to play Atari games, which they modified by adding some unpredictability. They were surprised to find that the indoor training effect consistently occurred across Atari games and game variations.




They hope these results fuel additional research toward developing better training methods for AI agents.

"This is an entirely new axis to think about. Rather than trying to match the training and testing environments, we may be able to construct simulated environments where an AI agent learns even better," adds co-author Spandan Madan, a graduate student at Harvard University.

Bono and Madan are joined on the paper by Ishaan Grover, an MIT graduate student; Mao Yasueda, a graduate student at Yale University; Cynthia Breazeal, professor of media arts and sciences and leader of the Personal Robotics Group in the MIT Media Lab; Hanspeter Pfister, the An Wang Professor of Computer Science at Harvard; and Gabriel Kreiman, a professor at Harvard Medical School. The research will be presented at the Association for the Advancement of Artificial Intelligence Conference.

Training troubles

The researchers set out to explore why reinforcement learning agents tend to have such dismal performance when tested on environments that differ from their training space.

Reinforcement learning is a trial-and-error method in which the agent explores a training space and learns to take actions that maximize its reward.




The team developed a technique to explicitly add a certain amount of noise to one element of the reinforcement learning problem called the transition function. The transition function defines the probability an agent will move from one state to another, based on the action it chooses.

If the agent is playing Pac-Man, a transition function might define the probability that ghosts on the game board will move up, down, left, or right. In standard reinforcement learning, the AI would be trained and tested using the same transition function.

The researchers added noise to the transition function with this conventional approach and, as expected, it hurt the agent's Pac-Man performance.

But when the researchers trained the agent with a noise-free Pac-Man game, then tested it in an environment where they injected noise into the transition function, it performed better than an agent trained on the noisy game.

"The rule of thumb is that you should try to capture the deployment condition's transition function as well as you can during training to get the most bang for your buck. We really tested this insight to death because we couldn't believe it ourselves," Madan says.

Injecting varying amounts of noise into the transition function let the researchers test many environments, but it didn't create realistic games. The more noise they injected into Pac-Man, the more likely ghosts would randomly teleport to different squares.

To see if the indoor training effect occurred in normal Pac-Man games, they adjusted underlying probabilities so ghosts moved normally but were more likely to move up and down, rather than left and right. AI agents trained in noise-free environments still performed better in these realistic games.

"It was not only due to the way we added noise to create ad hoc environments. This seems to be a property of the reinforcement learning problem. And that was even more surprising to see," Bono says.

Exploration explanations

When the researchers dug deeper in search of an explanation, they saw some correlations in how the AI agents explore the training space.

When both AI agents explore mostly the same areas, the agent trained in the non-noisy environment performs better, perhaps because it is easier for the agent to learn the rules of the game without the interference of noise.

If their exploration patterns are different, then the agent trained in the noisy environment tends to perform better. This might occur because the agent needs to understand patterns it can't learn in the noise-free environment.

"If I only learn to play tennis with my forehand in the non-noisy environment, but then in the noisy one I have to also play with my backhand, I won't play as well in the non-noisy environment," Bono explains.

In the future, the researchers hope to explore how the indoor training effect might occur in more complex reinforcement learning environments, or with other techniques like computer vision and natural language processing. They also want to build training environments designed to leverage the indoor training effect, which could help AI agents perform better in uncertain environments.
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Materials can 'remember' a sequence of events in an unexpected way | ScienceDaily
Many materials store information about what has happened to them in a sort of material memory, like wrinkles on a once crumpled piece of paper. Now, a team led by Penn State physicists has uncovered how, under specific conditions, some materials seemingly violate underlying mathematics to store memories about the sequence of previous deformations. According to the researchers, the method, described in a paper appearing today (Jan. 29) in the journal Science Advances, could inspire new ways to store information in mechanical systems, from combination locks to computing.


						
One way some materials form memories is called return-point memory, which operates much like a single dial combination lock, according to Nathan Keim, associate professor of physics in the Penn State Eberly College of Science and leader of the research team. With a lock, rotating the dial clockwise and counterclockwise in a particular sequence yields a result -- the lock opening -- that depends on how the dial was moved. Likewise, for materials with return-point memory, alternating between positive and negative deformations can leave a memory of the sequence that researchers can read or erase.

"The same underlying mechanism or mathematics of this memory formation can describe systems from the magnetization of computer hard drives to damage in solid rock," Keim said, noting that his research group recently showed that the same math also describes memories stored in disordered solids, in which the arrangement of particles seems random but actually contains details about past deformations.

Return-point memory relies on the alternating of direction of the external force, or "driving," such as the alternating of positive or negative magnetic field or pulling on a material from one side and then the other. However, materials should not be able to form return-point memory when the force only occurs in one direction. For example, Keim said, a bridge might sag slightly as cars drive over it, but it doesn't curve upwards once the cars are gone.

"The mathematical theorems for return-point memory say that we can't store a sequence if we only have this 'asymmetrical' driving in one direction," Keim said. "If the combination lock dial can't go past zero when turning counterclockwise, it only stores one number in the combination. But we found a special case when this kind of asymmetrical driving can, in fact, encode a sequence."

The researchers performed a series of computer simulations to explore the conditions under which a sequence could be encoded in a material. They manipulated a variety of factors, including the magnitude and orientation of the external driving force as well as how it is generated, to see how they impact memory formation and the length of the encoded sequence. To do so, the researchers boiled down the components of the system -- such as the particles in a solid or the microscopic domains in a magnet -- into abstract elements called hysterons.

"Hysterons are elements of a system that may not immediately respond to external conditions, and can stay in a past state," said Travis Jalowiec, an undergraduate at the time of the research who earned his bachelor's degree in physics at Penn State and an author of the paper. "Like how parts of a combination lock reflect the previous positions of the dial, and not where the dial is now. In our model, hysterons have two possible states and can work with or against each other, and this generalized model makes it applicable to as many systems as possible."

The hysterons in the model interact either in a cooperative way, where a change in one encourages a change in the other, or in a non-cooperative "frustrated" way, where a change in one discourages a change in the other. Frustrated hysterons, Jalowiec explained, are the key to forming and recovering a sequence in a system with asymmetric driving.




"A good example of frustration is a bendy straw, which has a series of little bellows that can be collapsed or popped open," Keim said. "If you pull on the ends of the straw a tiny amount and stop, one will pop open, and it being open means that the others do not. The change in one relieves the stress in the system.

The researchers found that systems with cooperative interactions could only encode a sequence if the driving was symmetric -- with alternating directions. However, just a single pair of frustrated hysterons was enough to produce an encoded sequence with asymmetric driving, so long as other conditions are met.

"Finding a pair of frustrated hysterons in a real material has been elusive," Keim said. "It's hard to observe, because often the signature of frustration is that something doesn't happen. The behavior we found is rare, but it would stand out like a sore thumb in a real material, so it gives us a new way to look for and study materials with frustration. But more immediately, we think this is a way to design artificial systems with this special kind of memory, starting with the simplest mechanical systems not much more complicated than a bendy straw and hopefully working up to something like an asymmetrical combination lock."

The researchers say these results could inspire new ways to store, recall and erase information in materials and mechanical systems.

"One key property of this memory is that it's guaranteed to store both the largest deformation and the most recent deformation," Keim said. "If you can make a system that stores a sequence of memories, you can use it like a combination lock to verify a specific history, or you could recover diagnostic or forensic information about the past. There is increasing interest in mechanical systems that sense their environments, perform computations and respond or adapt without ever using electricity. A better understanding of memory expands these possibilities."

In addition to Keim and Jalowiec, the research team includes Chloe Lindeman, graduate student at the University of Chicago at the time of the research, now a Miller Postdoctoral Fellow at Johns Hopkins University. Funding from the U.S. Department of Energy, Penn State Schreyer Honors College and Penn State Student Engagement Network supported this work.
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Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties | ScienceDaily
An international team of scientists has discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair.


						
After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair "sebum" (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it very hard for ice to attach to their fur.

While this finding sheds fascinating new light on our understanding of polar bear -- and even Inuit -- ecology, it may also have a suite of unrelated applications, with a similar concoction of artificially made sebum promising to be useful as an anti-ice surface coating, or in next-gen ski skins used by skiers and snowboarders.

Julian Carolan, PhD Candidate from Trinity College Dublin's School of Chemistry and the AMBER Research Ireland Centre, is the first author of the journal article, which has been published today as the cover story in leading international journal Science Advances.

He said: "We measured ice adhesion strength, which is a useful measure of how well ice sticks to fur; hydrophobicity, which dictates whether water can be shed before it freezes; and freezing delay time, which simply shows how long it takes for a drop of water to freeze at certain temperatures on a given surface. We then compared the performance of the polar bear hair with that of human hair and two types of specialist human-made 'ski skins'.

"The sebum quickly jumped out as being the key component giving this anti-icing effect as we discovered the adhesion strength was greatly impacted when the hair was washed. Unwashed, greasy hair made it much harder for ice to stick. In contrast when the polar bear hair was washed and the grease largely removed it performed similarly to human hair, to which ice sticks easily whether it is washed or greasy."

That finding led the team to perform a detailed chemical analysis of polar bear sebum. As well as identifying the key components (cholesterol, diacylglycerols, and fatty acids), they were surprised to find "squalene" was absent. This fatty metabolite is present in human hair, and in the hair of other aquatic animals, like sea otters, which suggests its absence in polar bear hair is very important from an anti-icing perspective.




Dr Richard Hobbs, Assistant Professor and Royal Society-Science Foundation Ireland University Research Fellow in Trinity's School of Chemistry and the AMBER Research Ireland Centre, is a senior author of the journal article. He added: "Animals living in polar habitats have emerged as a source of inspiration for the development of new anti-icing materials.

"For example, Anne Kietzig's group at McGill recently found that the hierarchical structure of Gentoo penguin feathers afforded them anti-icing properties that relied on the feather structure rather than the preen oil coating. Our work shows that polar bear fur provides an alternative strategy to produce an anti-icing surface based on the characteristic blend of lipids present in their fur sebum or hair grease.

"This work not only represents the first study of the composition of polar bear fur sebum, but it also resolves the question of why polar bears don't suffer from ice accumulation. Despite having thick layers of insulating blubber and fur, and spending extensive periods in water at sub-zero temperatures, it seems that the fur grease provides a natural route for polar bears to easily shed ice when it forms due to the low ice adhesion on their fur.

"We expect that these natural lipid coatings produced by the bear will help us to develop new more sustainable anti-icing coatings that may replace problematic 'forever chemicals' like PFAS that have been used as anti-icing coatings."

In addition to the structural explanations, these interesting discoveries also help us better understand hunting behaviours -- both of polar bears and of native Inuit populations.

Prof. Bodil Holst, University of Bergen, is a senior author of the journal article. She added: "One of the polar bears' main hunting strategies is 'still hunting', where they lay motionless beside a breathing hole on sea ice waiting for seals to surface. Still hunting frequently develops into an 'aquatic stalk' with the polar bear using its hind paws to slide into the water to pursue its prey, and the lower the ice adhesion, the less noise generated and the faster and quieter the slide.

"Our findings also help us understand the subtlety of the steps taken by Inuit people to optimise hunting strategies to mimic the polar bear method of still hunting. Inuit hunting stools are sometimes shod with polar bear fur on the feet to avoid noise when moving on the ice, while people also sometimes wear 'polar bear trousers', ensuring the entire contact area with the ice is covered in low ice-adhesion polar bear fur for optimal noise reduction."

Notably, the traditional Inuit preparation method protects the sebum on the fur by ensuring the hair-covered side of the skin is not washed. This is unlike, for example, a fox skin, which would traditionally be cleaned by rubbing the hair side with soapstone or dry clay.
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Need for better wildfire readiness in Eastern Coachella Valley | ScienceDaily
A study led by the University of California, Irvine Joe C. Wen School of Population & Public Health highlights the need for improved wildfire preparedness tailored to disadvantaged communities in unincorporated areas of the Eastern Coachella Valley and identifies effective ways to bridge critical communication gaps.


						
Recently published online in the International Journal of Disaster Risk Reduction, the research found that people living in geographically isolated regions of ECV may benefit from enhanced community-level social interactions to strengthen their awareness of wildfire risk.

"Residents in ECV face unique challenges, from linguistic barriers to marginal government support," said corresponding author Jun Wu, UC Irvine professor of environmental and occupational health. "Our findings demonstrate the importance of fostering community ties; collaborating with emergency services; and implementing multilingual, culturally sensitive education campaigns to boost risk perception and preparedness."

Between February and April 2023, the research team surveyed 115 individuals in four unincorporated EVC communities who had experienced wildfires. Nearly all of them self-identified as Hispanic/Latino, and 60 percent reported annual household incomes of less than $25,000.

The study provided insights into communication channel preferences among different demographic groups, which emphasized the need for a multifaceted approach. Short text messages and TV were preferred across all groups, while younger adults leaned heavily on social media. Older adults and those with limited education trusted their doctors for information, and agricultural workers relied on text messages and personal observations for updates.

In addition, community-level initiatives organized by residents using messaging apps to share emergency alerts, resources and safety tips proved to be very effective, demonstrating the potential for digital tools to help strengthen local networks.

Researchers also recommend enhanced partnerships between county governments and communities to bolster resilience, address gaps in preparedness and empower citizens to take proactive steps against wildfires. Suggestions include training residents to be first responders, forming Neighborhood Watch groups, conducting Spanish-language educational programs, and distributing easy-to-understand guides on risk and evacuation procedures.

"For regions like ECV, where wildfires are a recurring threat, fostering collaboration between emergency services and the community is essential," said lead author Anqi Jiao, UC Irvine Ph.D. candidate in environmental and occupational health. "Tailored communications and active engagement can ensure that even the most disadvantaged populations are equipped to face the challenges and protected from devastating consequences."

The research team also included faculty members and graduate and undergraduate students from UC Irvine's Joe C. Wen School of Population & Public Health and School of Medicine and Mississippi State University, as well as a lead organizer from Communities for a New California Education Fund. For a full list, click here.

This study was supported by the California Air Resources Board under grant CARB; #21RD003.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129162235.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A window into the future of Amazonia | ScienceDaily
It's a place where few living things can survive in the water.


						
Deep in the world's largest rainforest, there is a boiling river. Found in eastern central Peru, it is a small tributary that eventually leads to the Amazon River.

Heated by cracks in the Earth's crust, at its warmest spots, the water can reach 200 degrees Fahrenheit, an inhospitable environment with air temperatures hotter than anywhere else in the Amazon.

But the steamy river, known locally as "Shanay-Timpishka," which translates as "boiled with the heat of the sun," also offers an interesting perspective on what may happen to plant and tree communities as climate change pushes temperatures upward. After visiting in 2021, a team of University of Miami biologists recognized that the boiling river could serve as a natural experiment.

"It really provides us a window into the future because the Amazon will get hotter whether we like it or not, so this allows us to understand what increases in temperature will do to the forest composition," said Riley Fortier, lead author on a study of the site published recently in Global Change Biology, and a graduate student in professor Kenneth Feeley's Jungle Biology lab. "It can tell us which species will be lost, and what the makeup of the forest might be like in the future."

The boiling river, a tributary of the Amazon River.

The team returned to Peru in 2022 and mapped the tropical plants and trees found in the area at 70 locations, starting upstream, where temperatures were cooler, down to the hottest part of the boiling river, where air temperatures often exceed 110 degrees Fahrenheit.




By examining forests for about a mile along the sweltering river and monitoring temperatures with onsite sensors, the team found several insights. They saw that plant diversity declined in the hottest parts of the river -- with an 11 percent drop in tree diversity per each degree of warming -- and that only plants suited for very warm tropical climates are able to thrive near the boiling river. Their results predict how tropical rainforests could look in the future Amazon as global warming continues.

"Overall, the tree community is less diverse, so we see fewer species in hotter spots," Fortier said. "And forest composition was also more homogenous in the warmest locations, whereas in cooler forest plots, there was more plant diversity."

One thing that surprised Fortier was how quickly the vegetation changed along the river.

"We saw a very directional change in composition, where the hottest part of the forest along the river had a greater representation of species that grow in hotter areas of the Amazon," Fortier added. "Then, there was a drastic change in species as you moved away from the hottest part of the river. Usually, you wouldn't see such a clear change in the species composition over such a short distance."

For example, Fortier and Feeley saw that the hotter areas around the boiling river were drier and had more vines and scrubby vegetation. The trees were also smaller and less diverse, similar to a transition zone between a forest and a savanna ecosystem, but all within less than a mile of lush, green jungle.

"Over the course of dozens of miles, you might expect to see dramatic changes like that, but in the small sampling area that we had, you typically wouldn't see such a clear change in composition," Fortier added.

From left: A research collaborator along with biology professor Ken Feeley, and graduate students Alyssa Kullberg and Riley Fortier.

Feeley's lab will continue its research of the boiling river, since it is such a unique place that could portend much about our natural world.

"You can't heat a whole forest, at least not artificially, which is one of the coolest aspects of the boiling river," Fortier added. "It's a useful system because we can isolate temperature as having such an important effect on an entire plant community. At the boiling river, the rainfall, soil, and humidity are constant, but what we see is that as global warming happens, everything will change."
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Creating nanoislands for better platinum catalysts | ScienceDaily
Noble metals such as platinum can make useful catalysts to accelerate chemical reactions, particularly hydrogenation (adding hydrogen atoms to a molecule). The research team led by Professor Bruce Gates at the UC Davis Department of Chemical Engineering is interested in making platinum catalysts that are highly efficient and stable during chemical reactions.


						
Previous work has shown that platinum arranged in clusters of a few atoms on a surface makes a better hydrogenation catalyst than either single platinum atoms, or larger nanoparticles of platinum. Unfortunately, such small clusters tend to clump easily into larger particles, losing efficiency.

Yizhen Chen, then a postdoctoral scholar in the Gates Catalysis Research Group, picked up on an idea by Jingyue Liu, now at Arizona State University, to "trap" platinum clusters on a tiny island of cerium oxide supported on a silica surface. Each island becomes its own chemical reactor.

Chen, Gates and colleagues were able to show that they could produce these clusters, that they showed good catalytic activity in hydrogenation of ethylene, and that they were stable under severe reaction conditions.

These confined metal clusters could provide a new route to produce stable catalysts for the chemical industry.

Further information: https://www.nature.com/articles/s44286-025-00173-2
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Chemical looping turns environmental waste into fuel | ScienceDaily
Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.


						
In a significant breakthrough, researchers from The Ohio State University have developed a technology to transform materials like plastics and agricultural waste into syngas, a substance most often used to create chemicals and fuels like formaldehyde and methanol.

Using simulations to test how well the system could break down waste, scientists found that their approach, called chemical looping, could produce high-quality syngas in a more efficient manner than other similar chemical techniques. Altogether, this refined process saves energy and is safer for the environment, said Ishani Karki Kudva, lead author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

"We use syngas for important chemicals that are required in our day-to-day life," said Kudva. "So improving its purity means that we can utilize it in a variety of new ways."

Today, most commercial processes create syngas that is about 80 to 85% pure, but Kudva's team achieved a purity of around 90% in a process that takes only a few minutes.

This study builds on decades of previous research at Ohio State, led by Liang-Shih Fan, a distinguished university professor in chemical and biomolecular engineering who advised the study. This previous research used chemical looping technology to turn fossil fuels, sewer gas and coal into hydrogen, syngas and other useful products.

In the new study, the system consists of two reactors: a moving bed reducer where waste is broken down using oxygen provided by metal oxide material, and a fluidized bed combustor that replenishes the lost oxygen so that the material can be regenerated. The study showed that with this waste-to-fuel system, the reactors could run up to 45% more efficiently and still produce about 10% cleaner syngas than other methods.




The study was recently published in the journal Energy and Fuels.

According to a report by the Environmental Protection Agency, 35.7 million tons of plastics were generated in the U.S. in 2018, of which about 12.2% is municipal solid waste, such as plastic containers, bags, appliances, furniture, agricultural residue, paper and food.

Unfortunately, since plastics are resistant to decomposition, they can persist in nature for long periods and can be difficult to completely break down and recycle. Conventional waste management, such as landfilling and incineration, also poses risks to the environment.

Now, the researchers are presenting an alternative solution to help curb pollution. For example, by measuring how much carbon dioxide their system would pump out compared to conventional processes, findings revealed it could reduce carbon emissions by up to 45%.

Their project's design is just one of many in the chemical sector being driven by the urgent need for more sustainable technologies, said Shekhar Shinde, co-author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

In this study's case, their work could help drastically reduce society's dependence on fossil fuels.




"There has been a drastic shift in terms of what was done before and what people are trying to do now in terms of decarbonizing research," he said.

While earlier technologies could only filter biomass waste and plastics separately, this team's technology also has the potential to handle multiple types of materials at once by continuously blending the conditions needed to convert them, noted the study.

Once the team's simulations yield more data, they eventually hope to test the system's market capabilities by conducting experiments over a longer time frame with other unique components.

"Expanding the process to include the municipal solid waste that we get from recycling centers is our next priority," Kudva said. "The work in the lab is still going on with respect to commercializing this technology and decarbonizing the industry."

Other Ohio State co-authors include Rushikesh K. Joshi, Tanay A. Jawdekar, Sudeshna Gun, Sonu Kumar, Ashin A Sunny, Darien Kulchytsky and Zhuo Cheng. The study was supported by Buckeye Precious Plastic.
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Changing cholesterol over time tied to risk of dementia | ScienceDaily
Older adults whose cholesterol changes over time may be more likely to develop dementia than people whose cholesterol is stable, regardless of the actual cholesterol level, according to a study published in the January 29, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
The study does not prove that changing cholesterol causes dementia; it only shows an association.

"These results suggest that fluctuating cholesterol, measured annually, may be a new biomarker for identifying people at risk of dementia, providing more information than the actual cholesterol levels measured at a single time point," said study author Zhen Zhou, PhD, of Monash University in Melbourne, Australia.

The study involved 9,846 people with an average age of 74 who did not have dementia or other memory problems. Cholesterol levels were measured at the beginning of the study and at three following annual visits. Participants were followed for an average of 5.5 years after the third visit. They took tests of memory skills annually.

Participants taking cholesterol medications, called statins, were allowed in the study unless they stopped or started taking the drugs during the measurement period for cholesterol.

The participants were divided into four equal groups based on the amount of change between their first and fourth cholesterol measurements. The difference between consecutive yearly measurements was 91 mg/dL on average in the group with the largest amount of change in total cholesterol and 22 mg/dL in the group with the smallest amount of change.

During the study, 509 people developed dementia. A total of 147 of the 2,408 people in the group with the largest amount of change in total cholesterol developed dementia, a rate of 11.3 per 1,000 person-years. In the group with the lowest amount of change in total cholesterol, 98 of 2,437 people developed dementia, a rate of 7.1 per 1,000 person-years. Person-years represent both the number of people in the study and the amount of time each person spends in the study.




After adjusting for other factors that could affect the risk of dementia, such as age, smoking status and high blood pressure, researchers found that those in the high change group were 60% more likely to develop dementia than those in the low change group.

The study also found a link between changing cholesterol levels and cognitive impairment or memory problems that did not meet the criteria for dementia.

Looking at the various types of cholesterol, researchers found a link between fluctuating LDL cholesterol, or "bad" cholesterol, and risk of dementia and cognitive impairment. They did not find that association with HDL, or "good" cholesterol, or triglycerides.

"Older people's cholesterol should be monitored for changes over time to help identify people who may be at risk of cognitive impairment or dementia and could benefit from interventions, which could include lifestyle changes or making sure they start or keep taking statin to prevent fluctuations in their cholesterol and potentially reduce the risk of dementia," Zhou said.

A limitation of the study is that while people who started or stopped taking cholesterol drugs were not included in the study to eliminate the medication-induced fluctuations in cholesterol, researchers did not have information on any changes in dosage or people who did not take their medication as prescribed, which could affect cholesterol changes.

The study is supported by the National Heart Foundation of Australia.
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The benefits of speaking multiple languages | ScienceDaily
Encouraging bilingualism at home can have many cognitive benefits, which may be particularly helpful to kids with autism spectrum disorder (ASD), new research from the University of Miami College of Arts and Sciences indicates.


						
A team of researchers led by Celia Romero, a graduate student in clinical psychology, along with associate professor Lynn Perry, professor Michael Alessandri, and former University professor Lucina Uddin, explored the role of bilingualism in 112 children, including typically developing children and children with autism, between the ages of 7 to 12 years old. Overall, they found that children who spoke two or more languages often had stronger executive functioning skills. This means they are able to control impulses and to switch between different tasks more easily than children who only spoke one language.

"We discovered that multilingualism is associated with improvements in executive function, which in turn is associated with improvements in autism symptoms," Perry said. "There were hints of this in the literature before, but it was exciting to see how far reaching those differences were in this research."

Published in the journal Autism Research, the results are significant because executive functioning skills are a key challenge for children on the spectrum but are important for all kids to thrive in school and later in the workplace. Yet, the team found the benefits of speaking more than one language were not limited to children with autism.

Key features of autism include social communication difficulties and restrictive and repetitive behaviors, as well as difficulty with executive function skills. These are mental processes that help us plan, focus, remember instructions, and manage multiple tasks effectively. While executive function skills develop and improve across the lifespan, individuals with autism often struggle with executive functioning, impacting their ability to manage daily tasks and adapt to new situations.

The study also looked at the impact of multilingualism on core symptoms of autism, including perspective taking, restricted and repetitive behaviors, and social communication.

"We also found that multilingual children have enhanced perspective taking skills, or the ability to understand someone else's thoughts or point of view," Romero added.




An idea called joint activation from the field of neuroscience can help explain the results. Prior research suggests that the bilingual brain has two languages constantly active and competing. As a result, the daily experience of shifting between these languages is associated with enhanced executive control. This concept is also known as the "bilingual advantage" and is a topic of much debate.

"If you have to juggle two languages, you have to suppress one in order to use the other. That's the idea, that inhibition -- or the ability to stop yourself from doing something -- might be bolstered by knowing two languages," said Uddin, now a professor at the University of California, Los Angeles, and director of the Brain Connectivity and Cognition Laboratory.

Romero realized she wanted to explore this topic while working in Uddin's neuroscience lab on campus that was doing brain imaging research on children with autism. She noticed that some bilingual families did not speak to their child in their native language because they thought it may be too challenging and harmful for their child to learn more than one language.

"I started investigating this to let families know there's no detriment for their child to learn another language, whether or not they have a neurodevelopmental disorder," she said. "We know this through research, but often it takes time to translate that to families, so I hope this study helps address that."

In his work as executive director of the University's Center for Autism and Related Disabilities, Alessandri said this question often comes up with parents.

"It is wonderful to have sound research supporting our general recommendation to not restrict language exposures to children in multilingual homes," Alessandri said. "This will surely bring a sense of relief to many of our families living with loved ones with autism."

Romero and Perry are now doing further research with preschool children to see if bilingualism also has an impact on kids' peer interactions, which are crucial for children's social and cognitive development. And at UCLA, Uddin is currently conducting a large follow-up study to further investigate the impact of multilingualism on brain and cognitive development in children with autism.
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A less 'clumpy,' more complex universe? | ScienceDaily
Across cosmic history, powerful forces have acted on matter, reshaping the universe into an increasingly complex web of structures.


						
Now, new research led by Joshua Kim and Mathew Madhavacheril at the University of Pennsylvania and their collaborators at Lawrence Berkeley National Laboratory suggests our universe has become "messier and more complicated" over the roughly 13.8 billion years it's been around, or rather, the distribution of matter over the years is less "clumpy" than expected.

"Our work cross-correlated two types of datasets from complementary, but very distinct, surveys," says Madhavacheril, "and what we found was that for the most part, the story of structure formation is remarkably consistent with the predictions from Einstein's gravity. We did see a hint for a small discrepancy in the amount of expected clumpiness in recent epochs, around four billion years ago, which could be interesting to pursue."

The data, published in the Journal of Cosmology and Astroparticle Physics and the preprint server arXiv, comes from the Atacama Cosmology Telescope's (ACT) final data release (DR6) and the Dark Energy Spectroscopic Instrument's (DESI) Year 1. Madhavacheril says that pairing this data allowed the team to layer cosmic time in a way that resembles stacking transparencies of ancient cosmic photographs over recent ones, giving a multidimensional perspective of the cosmos.

"ACT, covering approximately 23% of the sky, paints a picture of the universe's infancy by using a distant, faint light that's been travelling since the Big Bang," says first author of the paper Joshua Kim, a graduate researcher in the Madhavacheril Group. "Formally, this light is called the Cosmic Microwave Background (CMB), but we sometimes just call it the universe's baby picture because it's a snapshot of when it was around 380,000 years old."

The path of this ancient light throughout evolutionary time, or as the universe has aged, has not been a straight one, Kim explains. Gravitational forces from large, dense, heavy structures like galaxy clusters in the cosmos have been warping the CMB, sort of like how an image is distorted as it travels through a pair of spectacles. This "gravitational lensing effect," which was first predicted by Einstein more than 100 years ago, is how cosmologists make inferences about its properties like matter distribution and age.

DESI's data, on the other hand, provides a more recent record of the cosmos. Based in the Kitt Peak National Observatory in Arizona and operated by the Lawrence Berkeley National Laboratory, DESI is mapping the universe's three-dimensional structure by studying the distribution of millions of galaxies, particularly luminous red galaxies (LRGs). These galaxies act as cosmic landmarks, making it possible for scientists to trace how matter has spread out over billions of years.




"The LRGs from DESI are like a more recent picture of the universe, showing us how galaxies are distributed at varying distances," Kim says, likening the data to the universe's high school yearbook photo. "It's a powerful way to see how structures have evolved from the CMB map to where galaxies stand today.

By combining the lensing maps from ACT's CMB data with DESI's LRGs, the team created an unprecedented overlap between ancient and recent cosmic history, enabling them to compare early- and late-universe measurements directly. "This process is like a cosmic CT scan," says Madhavacheril, "where we can look through different slices of cosmic history and track how matter clumped together at different epochs. It gives us a direct look into how the gravitational influence of matter changed over billions of years."

In doing so they noticed a small discrepancy: the clumpiness, or density fluctuations, expected at later epochs didn't quite match predictions. Sigma 8 (s8), a metric that measures the amplitude of matter density fluctuations, is a key factor, Kim says, and lower values of s8 indicate less clumping than expected, which could mean that cosmic structures haven't evolved according to the predictions from early-universe models and suggest that the universe's structural growth may have slowed in ways current models don't fully explain.

This slight disagreement with expectations, he explains, "isn't strong enough to suggest new physics conclusively -- it's still possible that this deviation is purely by chance."

If indeed the deviation is not by chance, some unaccounted-for physics could be at play, moderating how structures form and evolve over cosmic time. One hypothesis is that dark energy -- the mysterious force thought to drive the universe's accelerating expansion -- could be influencing cosmic structure formation more than previously understood.

Moving forward, the team will work with more powerful telescopes, like the upcoming Simons Observatory, which will refine these measurements with higher precision, enabling a clearer view of cosmic structures.
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Scientists 'mimic real biological processes' using synthetic neurons | ScienceDaily
Artificially engineered biological processes, such as perception systems, remain an elusive target for organic electronics experts due to the reliance of human senses on an adaptive network of sensory neurons, which communicate by firing in response to environmental stimuli.


						
A new collaboration between Northwestern University and Georgia Tech has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons. They also built a complete perception system by designing other organic materials and integrating their engineered neurons with artificial touch receptors and synapses, which enabled real-time tactile signal sensing and processing.

The research, described in a paper published this month in the journal Proceedings of the National Academy of Sciences (PNAS), could move the needle on intelligent robots and other systems currently stymied by sensing systems that are less powerful than those of a human.

"The study highlights significant progress in organic electronics and their application in bridging the gap between biology and technology," said first author Yao Yao, a Northwestern engineering professor. "We created an efficient artificial neuron with reduced footprint and outstanding neuronal characteristics. Leveraging this capability, we developed a complete tactile neuromorphic perception system to mimic real biological processes."

According to corresponding author Tobin J. Marks, Northwestern's Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, existing artificial neural circuits tend to fire within a narrow frequency range.

"The synthetic neuron in this study achieves unprecedented performance in firing frequency modulation, offering a range 50 times broader than existing organic electrochemical neural circuits," Marks said. "In contrast, our device's outstanding neuronal characteristics establish it as an advanced achievement in organic electrochemical neurons."

Marks is a world leader in the fields of organometallic chemistry, chemical catalysis, materials science, organic electronics, photovoltaics and nanotechnology. He is also a professor of Materials Science and Engineering and Professor of Chemical and Biological Engineering in Northwestern's McCormick School of Engineering and as Professor of Applied Physics. His co-corresponding author Antonio Facchetti, a professor at Georgia Tech's School of Materials Science and Engineering, also serves as an adjunct professor of chemistry at Northwestern.




"This study presents the first complete neuromorphic tactile perception system based on artificial neurons, which integrates artificial tactile receptors and artificial synapses," said Facchetti. "It demonstrates the ability to encode tactile stimuli into spiking neuronal signals in real time and further translate them into post-synaptic responses."

The team spanned departments and schools, with researchers who specialized in organic synthesis creating advanced materials that electronic device researchers then incorporated into circuit design and fabrication, and system integration.

With the human brain's immense network of 86 billion neurons poised to fire, sensing systems remain difficult to recreate. Scientists are limited by both the footprint of the design and by the amount they can create. In future models, the team hopes to further reduce the device's size, taking the project a step closer to fully mimicking human sensing systems.

This work was supported by the Air Force Office of Scientific Research (FA9550-22-1-0423), the Northwestern University Materials Research Science and Engineering Center (MRSEC; award from National Science Foundation DMR-230869), Flexterra Corporation, the National Science Fund for Distinguished Young Scholars of China (No. 32425040) and the National Natural Science Foundation of China (Grant No. 32201648).
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Diagnostic stewardship optimizes detection of appendicitis | ScienceDaily
Abdominal pain is among the most common reasons children are taken to the emergency department.


						
A small proportion of them usually have appendicitis, and timely detection is essential.

To do so, clinicians often rely on imaging, such as ultrasound or CT scans.

Although delayed diagnosis of appendicitis in children can be life threatening, overtesting is wasteful and can even cause harm.

Now in a study, published in Academic Emergency Medicine, University of Michigan researchers found that emergency departments vary widely in how they balance the need to diagnose appendicitis with the potential harms of overtesting.

"Children with abdominal pain are a diagnostic conundrum. On the one hand those who have appendicitis need to be diagnosed in a timely manner, but on the other hand the most common diagnostic tool we use, a CT scan, exposes them to radiation," said Alexander Janke, M.D., a clinical assistant professor of emergency medicine.

Although there are a range of tools that emergency clinicians can use, including ultrasounds, CT scans, blood tests and consultation with surgical specialists, their implementation varies among different emergency departments across Michigan.




The availability and quality of ultrasound, for example, isn't guaranteed at every emergency department.

Similarly, pediatric surgical consultations may be easily obtained in some, but not other, emergency departments.

To better understand the balance between overtesting and delayed diagnosis, the researchers studied over 100,000 emergency department visits for children with abdominal pain aged 5-17 years.

The data were collected from 26 emergency departments within the Michigan Emergency Department Improvement Collaborative between May 2016 to February 2024.

MEDIC is a quality improvement network that supports over 50 Michigan hospitals and enhances the quality of emergency department care.

To this end, MEDIC maintains a data registry that tracks clinical practices across the state, providing insight into diagnostic imaging use.




The team used the registry to understand both the patterns of how abdominal pain is evaluated in children and whether these are related to delays in diagnosing appendicitis.

Among 120,112 cases of abdominal pain, only 0.1% had a delayed diagnosis of appendicitis and these were not associated with differences in imaging rates.

Researchers found that large pediatric centers achieve low rates of delayed diagnosis of appendicitis while also having the lowest rates of CT use.

"Unsurprisingly, pediatric centers were able to accurately diagnose appendicitis without heavy reliance on CT scans. This is likely due to their access to high-quality ultrasound capabilities, MRI protocols for pediatric appendicitis, and in-house pediatric surgical consultation," said Courtney Mangus, M.D., clinical assistant professor of emergency medicine.

Although the study does not include real-time insights into how doctors made their decisions, the team hopes that it can be used as a foundation to drive diagnostic improvements.

They hypothesize that adherence to best practices and coordinating care across centers could improve the evaluation of children with abdominal pain.

"Different hospitals handle these cases in different ways. Diagnosis can be hard, and our work is a reminder to families that it is okay to ask questions and advocate for your child when you go to the emergency room," Janke said.
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Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water | ScienceDaily
Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water. The technology could enable household testing for arsenic, empowering individuals to monitor their own water quality.


						
Arsenic contamination is a serious environmental and public health challenge affecting millions of people around the world. This contamination occurs when natural geological processes release arsenic from rocks and soil into groundwater and can be exacerbated by mining, industrial waste disposal and use of arsenic-based pesticides.

"Consuming arsenic-contaminated water can lead to severe health conditions including arsenic poisoning and cancers of the skin, lung, kidney and bladder," said lead researcher Sunil Khijwania from the Indian Institute of Technology Guwahati. "By creating a sensor that is sensitive, selective, reusable and cost-effective, we aim to address the need for a reliable and user-friendly tool for routine monitoring, helping to protect communities from the risks of arsenic exposure."

In the Optica Publishing Group journal Applied Optics, the researchers describe their new sensor, which uses an optical fiber and an optical phenomenon known as localized surface plasmon resonance. They used it to detect arsenic levels as low as 0.09 parts per billion (ppb), 111 times lower than the maximum permissible limit of 10 ppb established by the World Health Organization. The sensor also exhibited reliable performance when tested on real drinking water samples from diverse locations and conditions.

"The highly sensitive sensor provides analysis within just 0.5 seconds and demonstrates a high degree of reusability, repeatability, stability and reliability, making it a powerful tool for monitoring and ensuring safer water quality," said Khijwania. "In the future, this technology could make it much easier for people to check whether their drinking water is safe, potentially saving lives by preventing exposure to harmful arsenic levels."

A user-friendly yet accurate sensor

Although conventional spectroscopy methods for detecting arsenic are highly accurate and sensitive, they tend to require complex, bulky, expensive equipment that is time-consuming and complicated to use. To fill this critical gap, the researchers developed an optical fiber sensor that not only has a low detection limit but is also cost-effective and user-friendly enough for routine arsenic monitoring in drinking water.




To make the new sensor, the researchers coated the inside core of a fiber with gold nanoparticles and a thin layer of a unique nanocomposite composed of aluminum oxide and graphene oxide, which selectively binds to arsenic ions. A portion of the light traveling through the core also extends into the surrounding fiber cladding due to the evanescent wave created by total internal reflection. By removing the cladding in a small section of the fiber, the evanescent wave is exposed to the environment.

As light travels through the optical fiber, the evanescent wave interacts with gold nanoparticles, triggering localized surface plasmon resonance -- a phenomenon where electrons on the nanoparticle surface collectively oscillate in response to specific light wavelengths. If arsenic is present, it will bind to the nanocomposite, causing a measurable shift in the surface plasmon resonance wavelength and enabling accurate detection of trace arsenic in water.

Thorough performance assessment

The researchers tested the sensor using varying concentrations of arsenic ion solutions, finding that it produced consistent and reliable detection of arsenic across the tested concentration range. After additional optimization, they tested other parameters, showing that the sensor produced consistent results during both low-to-high and high-to-low changes in arsenic ion concentration and achieved a fast response time of just 0.5 seconds.

The sensor exhibited a maximum resolution of +- 0.058 ppb of arsenic and showed negligible variations in results for samples with identical arsenic concentrations analyzed on four separate days over an 18-day period. The researchers also compared sensor measurements to those obtained with inductively coupled plasma mass spectrometry (ICP-MS), which is commonly used for arsenic measurements. The sensor showed a relative percentage difference of less than 5%, indicating strong agreement between the two methods.

To evaluate the real-world applicability of the sensor, the researchers tested it on drinking water samples collected from different locations in the city of Guwahati in India. The sensor maintained reliable performance under these varied conditions.

"These investigations established that the proposed optical fiber sensor offers a highly sensitive, selective, fast, cost-effective, straightforward and easy solution for arsenic detection in real field conditions," said Khijwania. "In the long term, this new approach could potentially be modified to create a new wave of affordable and accessible environmental monitoring tools."

The researchers note that although the sensor is ready for real-world use in detecting arsenic, a less expensive and easier-to-use optical source and detector would need to be developed to enable widespread application.
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Researchers uncover key insights into how the body protects against neuron damage | ScienceDaily
Neurons may get all the glory, but they would be nothing without glial cells. While brain cells do the heavy lifting in the nervous system, it's the glia that provide nutrients, clean up waste, and protect neurons from harm.


						
Now, scientists have discovered a new mechanism by which these crucial supporting players detect and respond to neuron damage. Published in Nature Communications, the study describes how two key proteins allow glial cells to actively monitor the hair-like cilia that extend out of nematode dendrites, so that the glial cells can respond to injuries and prevent damage. The findings may have implications for treating diseases caused by defective cilia, such as polycystic kidney disease.

"Fleshing out the pathway by which glia interact with dendrites was our major goal," says Shai Shaham, head of the Laboratory of Developmental Genetics at Rockefeller. "An important next question is whether one could manipulate these cells to address diseases related to cilia."

Uncharted territory

Neurons rely on axons and dendrites for communication; axons send messages out, while dendrites receive those incoming, some with the help of cilia extending from their tips. Cilia detect odors, light, and other stimuli.

Scientists have studied how glial cells keep axons in shape. But comparatively few studies have investigated how glia protect and maintain dendrites and their delicate cilia. Knowing that dendrite structure changes correlate with learning and memory, and that dysfunctional cilia are at the heart of a family of disorders known as ciliopathies, Shaham and colleagues set out to fill that crucial knowledge gap .

"We knew essentially nothing about the interactions between glial cells and dendrites, but they matter just as much as axons," Shaham says. "You need something to receive signals, too."

The team chose to study glia, dendrites, and cilia in the nematode C. elegans, a model organism cherished by basic researchers for its straightforward genetics and well-studied biology. An additional advantage here was that nematodes have cilia only on the ends of their dendrites, simplifying the work of homing in on what happens to dendritic cilia when glia clock out. "C. elegans is a powerful model, because we can use it to explore everything from molecules to behavior," says Katherine Varandas, a postdoctoral fellow in Shaham's lab and lead author of the study. "Through studying nematodes we can decipher very specific dendrite and glia interactions."




Moving up the tree of life

For the study, the team used CRISPR to engineer nematodes with disrupted cilia or altered glial responses, and then tracked glia in-action using fluorescence microscopy. Then, to figure out how glia respond to normal and cilia-stunted nematodes, they employed RNA sequencing to monitor gene expression changes and electron microscopy to observe structural changes.

They found that glial cells respond to damaged cilia by accumulating excess extracellular matrix proteins and altering gene expression. Specifically, they discovered a new signaling pathway involving DGS-1, a neuronal protein, and FIG-1, a glial protein. These two proteins appear crucial to monitoring cilia integrity -- mutations in either trigger glial responses even without cilia damage.

The findings broaden our understanding of glial functions, with potential implications extending far beyond nematodes. Indeed, the structural and functional similarities of sensory organs across species suggest that similar mechanisms for keeping cilia safe may exist in mammals, where glial cells have been shown to interact with similar dendritic structures. The present study could therefore lay the groundwork for exploring glia-dendrite interactions across species, with potential implications for humans suffering from ciliopathies.

"We hope to move these studies into mammals next," Varandas says. "Sensory organs, which include cilia-decorated dendrites surrounded by glia, are highly conserved across evolution and share striking similarities to one another, providing a fascinating direction for future research."
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Oceanic plate between Arabian and Eurasian continental plates is breaking away | ScienceDaily
An international research team led by the University of Gottingen has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to northwest Iran. Their findings show how the evolution of the Earth's surface is controlled by processes deep within the planet's interior. The research was published in the journal Solid Earth.


						
When two continents converge over millions of years, the oceanic floor between them slides to great depths beneath the continents. Eventually, the continents collide, and masses of rock from their edges are lifted up into towering mountain ranges. Over millions of years, the immense weight of these mountains causes the Earth's surface around them to bend downward. Over time, sediments eroded from the mountains accumulate in this depression, forming plains such as Mesopotamia in the Middle East. The researchers modelled the downward bend of the Earth's surfaces based on the Zagros Mountain's load where the Arabian continent is colliding with Eurasia. They combined the resulting size of the depression with the computed topography based on the Earth's mantle to reproduce the unusually deep depression in the southeastern segment of the study area. The researchers found that the weight of the mountains alone cannot account for the 3-4 km deep depression that has formed and been filled with sediment over the past 15 million years.

"Given the moderate topography in the north-western Zagros area, it was surprising to find out that so much sediment has accumulated in the part of the area we studied. This means the depression of the land is greater than could be caused by the load of the Zagros Mountains," said Dr Renas Koshnaw, lead author and Postdoctoral Researcher at Gottingen University's Department of Structural Geology and Geothermics. Researchers propose that this is caused by the additional load of the sinking oceanic plate that is still attached to the Arabian plate. Koshnaw adds: "This plate is pulling the region downward from below, making space for more sediment accumulation. Towards Turkey, the sediment-filled depression becomes much shallower, suggesting that the slab has broken off in this area, relieving the downward pull force."

The geodynamic model developed in this research will benefit other fields as well. "This research contributes to understanding how the Earth's rigid outer shell functions," explains Koshnaw. Such research can lead to practical applications in the future by providing information for exploring natural resources such as sedimentary ore deposits and geothermal energy, and better characterization of the earthquake risks.

This research was made possible thanks to funding from the Alexander von Humboldt Foundation.
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New ways to modulate cell activity remotely | ScienceDaily
Imagine being at a big marquee event at an arena, like the Super Bowl, with the roar of the crowd, the smell of hot dogs, and a sea of jerseys all merging into one chaotic blur. While the frenzied, exciting environment certainly enhances your viewing experience, it can also make it difficult to find the people you came with if you get separated. If you're communicating by phone or waving from the stands, it can be an exhausting game of hide-and-seek amid the noise and commotion.


						
Now imagine if you had a way to remotely guide them to you with pinpoint precision -- an app that highlighted their exact location and gently nudged them to move in the right direction. That, in essence, is what bioengineer Lukasz Bugaj and his team at the University of Pennsylvania have achieved -- except the arena is the human body, and the people you are directing are engineered cells sent in to carry out specific tasks like killing cancer or repairing damaged tissue.

"There's a lot going on in complex living systems, so when we send modified cells into the body to execute a particular function, like to go in and find pathogens or cancerous cells, wouldn't it be great if we could communicate with them, guide them, make sure they're going exactly where they need to go, at the right time, to do the right thing?" asks Bugaj.

In a new paper, the Bugaj Lab introduces tools that essentially, "remotely and non-invasively communicate with and control the activity of cells" once they've entered the arena. Published in Nature Methods, the paper focuses on a protein the team developed called Melt, which can be toggled by temperature.

From light to heat: developing Melt

Controlling cellular behavior with light -- a field known as optogenetics -- has been a game-changer in biology since its development almost two decades ago. It involves researchers using light-sensitive proteins to activate or deactivate specific pathways within cells. But there's a catch, light doesn't penetrate deeply into tissues, making it impractical for many therapeutic applications.

"We needed something that could go deeper," says Bugaj. "That's where temperature comes in. Heat is a more penetrant stimulus -- it travels through tissues in ways visible light simply can't."

The breakthrough came from a surprising source, a fungus known as Botrytis cinerea, infamous for causing rot in strawberries and grapes. The fungus produces a protein called BcLOV4, which was initially studied for its light sensitivity, but when Bugaj's lab introduced the protein into human cell lines, something unexpected happened.




"We noticed that the protein wasn't just responding to light -- it was responding to temperature," says first author and former Ph.D. student in the Bugaj Lab, Will Benman. "That's when we thought, 'okay, that's actually really, really exciting,' because there are a lot of known proteins that respond to light, but not as many proteins that respond to temperature."

The team wondered, could they engineer the protein to respond solely to temperature? And if so, could they use it to control cellular behavior in a non-invasive way? Over months of experiments, they modified BcLOV4 into a new protein that acts as a purely temperature-sensitive tool: Melt -- short for Membrane Localization using Temperature.

"We broke its light sensitivity and tuned its temperature sensitivity to operate at human body temperatures," says Pavan Iyengar, a former undergraduate researcher in the Bugaj Lab. "Now we have a switch that works like a dimmer -- you raise the temperature, and it activates; lower it, and it deactivates."

By fusing Melt to different cellular pathways, the team demonstrated precise control over processes like cell signaling, peptide breakdown, and even cell death. In one striking experiment, they showed that applying a device for topical cooling -- a "glorified icepack" -- to an animal model could trigger cancer cell death, without the systemic toxicity of traditional chemotherapy.

Melt in action

The team also explored Melt's use in basic research, where controlling cellular pathways in real-time can reveal new insights into how cells function.




"It's kind of a rare case where a protein can do so many different things," says co-first author of the Melt paper and a Ph.D. student in the Bugaj Lab, Zikang (Dennis) Huang. "It can sense light, it can sense temperature, it can go to the membrane, and also has some other molecular functions as well, whereas most known natural proteins may have only one of these functions. Once we figure out how this works, we can potentially design more new proteins that have those integrated functions in just a single protein."

In the near term, that the team believes Melt could aid in key discoveries in cancer therapies, enabling treatments that are more targeted and less toxic.

"This work was only possible because of funding from the federal government and also through pilot funds from the Center for Precision Engineering for Health at Penn. Building from this initial support and our early results, our lab recently won a large NIH grant to further develop and test the efficacy of temperature-controlled tumor cell ablation in physiological models of cancer," says Bugaj. "Further down the line, these tools could pave the way for new types of cell therapies that respond to physiological cues like fever or inflammation."
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Common plastic pigment promotes depolymerization | ScienceDaily
It turns out that the black plastic lid atop your coffee cup has a superpower. And the Stache Lab at Princeton Chemistry, which uncovered it, is exploiting that property to recycle at least two major types of plastic.


						
Their startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

So far, researchers have shown that carbon black can depolymerize polystyrene and polyvinyl chloride (PVC), two of the least recycled plastics in the planet's waste stream. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

Two recent papers highlight the potential. First, in ACS Central Science at the end of last year, there was a proof-of concept for the depolymerization of polystyrene using a common Fresnel lens to focus photonic energy. Then, earlier this month, the lab published their method to upcycle PVC in the Journal of the American Chemical Society (JACS).

In both cases, carbon black serves as the trigger of the breakdown, a quality Assistant Professor of Chemistry Erin Stache discovered recently and that even industrial partners she has spoken with were unaware of. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies.

"The surprising thing, especially with the black polystyrene depolymerization, is that they've been manufacturing these materials for decades and it seems no one recognized that this was possible," said Stache. "Under ambient sunlight, the energy is not sufficient to break down these polymers. But if you increase the light intensity enough, then you start seeing the depolymerization.

"We can certainly change our habits to help alleviate the amount of plastic we use. But we're not going to get rid of our dependence on plastic. So can we think of it instead as a resource? Can we turn it into other commodity chemicals that we have to make anyway? We have found that we can."

In their ACS paper, researchers showed that unmodified post-consumer black polystyrene samples were successfully depolymerized to a styrene monomer without adding catalysts or solvent. Simple, focused radiation on the plastic provided monomer yields of up to 80% in just five minutes.




"I think this marriage between photothermal and depolymerization strategies is really groundbreaking. Black colored plastic accounts for ~15% of all plastics, and we found that 10-weight percent of black polystyrene in plastic mixture is enough to give good yield," said Hanning Jiang, co-first author on the paper.

"Carbon black absorbs all the way from UV to IR, and that's great because what we want is for this agent to take as much light as possible and transform light into heat."

Next, the lab adapted their method to PVC and received strong results. They extended the process by adding polystyrene into the PVC-carbon black mixture -- "We basically spatula it in," said Stache -- and were able to upcycle the material and then derivatize it into a couple of common consumer products.

Part of the challenge of recycling PVC is that the material has carbon-chlorine bonds that generates hydrochloric acid (HCl) whether it's being recycled mechanically or chemically. Hydrochloric acid is corrosive and highly toxic.

"We used carbon black to initiate the thermal degradation of PVC, generate HCl with an acceptor for HCl that reacts to make an adduct," Stache explained. "So you can basically access a new commodity chemical from the process. We take advantage of what is normally a bad process -- the HCl -- and add it to another commodity chemical, and then we get a new product."

Recycling of Post-Consumer Waste Polystyrene Using Commercial Plastic Additives was authored by Sewon Oh, Hanning Jiang, Liat Kugelmass, and Erin Stache and appeared in the Nov. 25, 2024 edition of ACS Central Science.
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The secret life of catalysts: New discoveries in chemical reactions | ScienceDaily
Scientists from the Interface Science Department of the Fritz Haber Institute of the Max Planck Society in collaboration with beamline scientists at the Helmholtz-Zentrum Berlin have made an advancement in the field of electrocatalysis. Their latest research, published in th journal Nature Materials, sheds light on how catalysts can stay in unanticipated forms during the process of nitrate reduction. The study, titled "Revealing Catalyst Restructuring and Composition During Nitrate Electroreduction through Correlated Operando Microscopy and Spectroscopy," offers new insights that could pave the way for more efficient catalyst design. 


						
Understanding Catalysts: The Key to Better Chemical Reactions

Catalysts are substances that speed up chemical reactions without being consumed in the process. They are crucial in many industrial applications, from producing fuels to manufacturing pharmaceuticals. However, understanding how these catalysts behave while they are working has always been a challenge. This is because catalysts can change their structure (size and shape) and composition when an electric potential is applied, much like how a chameleon changes its color to blend into different environments. A long-standing assumption is that also like the chameleon, the catalyst will quickly transform into its preferred state (active state) once the electrical potential is applied.

A Multi-Modal Approach to Study Catalysts

The research team employed a unique combination of advanced techniques to show that this assumption is not valid under certain conditions. First, they used a method called electrochemical liquid cell transmission electron microscopy (EC-TEM) to follow cubic Cu2O pre-catalysts under conditions where they were participating in the nitrate reduction reaction that is here being utilized to generate green ammonia. This technique allowed them to see how the catalysts, specifically cubic Cu2O pre-catalysts, changed during the reaction. Then, they used a combination of X-ray microscopy/spectroscopy and Raman spectroscopy to check whether the pre-catalysts transform into the expected Cu metal phase during reaction, and whether such transformation was homogeneous over all nanocatalyst particles.

Key Findings: The Role of Redox Kinetics

A significant finding of the study is that the Cu2O cubes do not quickly turn into the preferred metallic state and can stay as a mix of Cu metal, Cu oxide and Cu hydroxide for a long time during operation. The composition of this mixture and the shape of the evolved catalysts depend heavily on the electric potential applied, the surrounding chemical environment and the reaction duration.




Implications for Ammonia Selectivity

A big motivation for studying nitrate reduction is to explore its potential for recycling waste nitrates by turning them back into ammonia, a key ingredient in fertilizers for food production. So far, our strategies for optimizing this process have been based on expecting catalysts to adopt their most favorable forms during reaction. This research will pave the way towards new ways to design the Cu-based pre-catalysts that are better at producing ammonia.

Dr. See Wee Chee, a group leader at the Interface Science Department and corresponding author of the study emphasizes, "It is unexpected that we get different phases during reaction especially when we start from a single form of a single element pre-catalyst. More importantly, this mixed state can be maintained for a long time, which is valuable insight if we want to design more efficient catalysts."

This research also demonstrates how advanced, real-time observation techniques that can capture local chemical differences can help us understand the complex nature of catalysts at work.

Prof. Beatriz Roldan, director of the Interface Science Department at the FHI and co-corresponding author stated: "Industrially, NH3 is synthesized via the gas-phase Haber-Bosch thermal catalysis method, which takes place at moderate temperatures (450-550 degC) but high pressures (150 bar) with a large consumption of fossil-generated H2. The challenge we tackled here was to find an alternative method for NH3 synthesis with reduced carbon emissions. This was accomplished by following a direct electrocatalytic route driven by renewable electricity."
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Protecting the Plains: Conserving prairie dogs will revitalize North America's grasslands | ScienceDaily
Colorado State University researchers have identified priority areas for the conservation of the black-tailed prairie dog in the United States, extending from Montana to Texas and New Mexico to Arizona. Protecting these regions will also benefit North America's Central Grasslands and the many associated grassland species that flourished there centuries ago.


						
Once rivaling Africa's Serengeti in species abundance and diversity, North America's Central Grasslands supported a rich ecosystem comprised of millions of bison, pronghorn, elk, wolves, grizzly bears, grassland bird species and prairie dogs. Today, this ecosystem -- stretching from Canada to Mexico -- is one of the most endangered in the world, with widespread declines in native wildlife, including the near extirpation of wolves and grizzly bears, more than 95% decline in bison and prairie dog populations and a 50% decline in grassland bird species.

After looking at ecological, political and social factors, climate change, and land use throughout the central and western United States, CSU researchers have mapped a blueprint that identifies the best landscapes for black-tailed prairie dog conservation. Conserving this habitat benefits other grassland species that depend on the prairie dog for food and habitat.

Published in Diversity and Distributions in January, this research and accompanying maps aim to guide state, regional and national conservation initiatives, supporting the goal to conserve 30% of U.S. lands and waters by 2030 by identifying priority conservation areas for the most effective use of limited resources.

This research was led by Ana Davidson, a CSU research scientist at the Colorado Natural Heritage Program and joint faculty member in the Fish, Wildlife and Conservation Biology Department. As part of the Western Association of Fish and Wildlife Agencies' Western Grasslands Initiative, Davidson and other researchers, including CNHP colleague Michael Menefee, collaborated with scientists and state biologists to identify the most intact and connected grasslands with the highest long-term stability and viability in the face of climate and land use change.

They also considered the political and social landscapes that exist within these areas, such as available funding for conservation and social attitudes, to understand whether a community could and would support prairie dog habitat conservation.

"Grasslands are declining significantly because they are the primary biome that humans rely on for agriculture, so there is a lot of potential for conflict with livestock production and loss of habitat to cropland," Davidson said.




The results of this research are found in a publicly available interactive map that outlines BTPD geographic range in parts of Arizona, Colorado, Kansas, Montana, Nebraska, New Mexico, North Dakota, Oklahoma, South Dakota, Texas and Wyoming, and identifies the top 10% and top 30% of areas that have the highest conservation potential for the prairie dog ecosystem.

Davidson's "Homes on the Range" core research team -- comprised of scientists from the Colorado Natural Heritage Program, Humane Society of the United States, Prairie Dog Coalition, WAFWA and United States Department of Agricultural Research Services -- is already putting their research into action. The team is applying for large grants to help implement conservation in the priority regions and working to build on existing relationships with local ranchers, land trusts, agency biologists and managers, and conservation groups.

Davidson stated that this effort is not a "one-size-fits-all approach," and the goal is to support the unique needs of different communities. The needs of a rural community in Wyoming may differ from those of a community in southeastern Colorado, which may further differ from the needs of tribal communities in South Dakota, for example.

Lindsey Sterling-Krank, co-author and expert in conflict resolution with the Humane Society of the United States, added, "We want to work together with communities to address local needs that can support both prairie dog ecosystem conservation and co-existence with human activities."

According to Davidson, this research and the maps they have generated will also help inform State Wildlife Action Plans as well as other large-scale grassland conservation efforts like the Central Grasslands Roadmap and The North American Grasslands Conservation Act.

"Initiatives such as the Homes on the Range project are making significant progress toward the ambitious goals of conserving the lands and waters upon which all life depends -- collectively, at the global scale," said co-author Fernanda Thiesen Brum, spatial prioritization scientist on The Nature Conservancy's Global Science Team.




Prairie dogs: Keystone species of the grasslands

The depletion of grasslands is attributed to the detrimental farming practices of the late 1800s, and as grasslands have suffered, so has the prairie dog ecosystem. The early 1990s saw a massive government-led campaign to eradicate the prairie dog, which can compete for forage with domestic livestock. Later, a non-native disease from Asia -- the "plague" -- contributed to the continual widespread declines in their populations. This loss has resulted in the cascading decline in species that rely on prairie dogs for survival.

Prairie dog colonies are often called "towns" because they support many animals in addition to their own species. Their vast underground infrastructures provide homes and shelter for wildlife such as burrowing owls. Prairie dogs serve as prey for predators like the endangered black-footed ferret, hawks and eagles; improve soil quality through aeration and organic matter; and create open grassland habitat by maintaining dense, short-statured grasses that attract birds like mountain plovers.

Once a prairie dog colony is established, floral cover increases, and other species flock to these grassland oases for feeding, foraging, pollinating and nesting.

"This prairie dog recovery effort is really about the ecosystem," said Davidson. "If we focus on prairie dogs, we get a big bang for our buck. We know we can reintroduce prairie dogs or protect them and see the ecosystem revitalized -- foxes, eagles and rabbits will return to an area buzzing with birds and insects."

Davidson noted that compared to other ecosystems, like the redwood forest, the Central Grasslands often get overlooked. "Grasslands are understudied, underfunded and underappreciated, and they have an important story to be told," said Davidson.
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New acoustic wave phenomenon discovered | ScienceDaily
A unique propagation phenomenon of acoustic waves has been discovered, paving the way for developing advanced communication technologies using acoustic devices. The research was led by the Institute for Materials Research at Tohoku University, in collaboration with the Japan Atomic Energy Agency and the RIKEN Center for Emergent Matter Science.


						
Surface acoustic waves (SAWs) -- elastic vibrations that travel along the surface of materials like ripples on a pond -- play a crucial role in modern communication technologies. These are key components in frequency filters used in everyday devices such as mobile phones. These devices convert electrical signals into vibrations, or "ripples," through the piezoelectric effect, enabling efficient signal processing. Therefore, a deeper understanding of SAW behaviour is essential for advancing future technologies.

In the experiment, the team used advanced nanofabrication techniques to create a periodic array of nanoscale magnetic materials. The magnetic nanoscale array can be thought of as a specialized grating that the waves go through. To their surprise, instead of the typical symmetric diffraction pattern, the research team observed a completely novel, asymmetrical diffraction phenomenon of SAWs called "nonreciprocal diffraction."

"This phenomenon has previously been observed only in optics," remarks Yoichi Nii, "so we are very excited to confirm that it extends beyond optics to other wave phenomena."

Through theoretical analysis, the research team identified this asymmetrical behavior as arising from the unique interaction between SAWs and magnetic materials, specifically related to their angular momenta.

This finding may enable precise control of SAW propagation paths using magnetic fields, leading to the development of innovative acoustic devices that advance both classical and quantum communication technologies. Uncovering new properties of SAWs is essential for developing next-generation communication systems and devices.

The study was published in Physical Review Letters on January 14, 2025.
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The hidden power of the smallest microquasars | ScienceDaily
Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.


						
Our home planet is bombarded with particles from outer space all the time. And while we are mostly familiar with the rocky meteorites originating from within our solar system that create fascinating shooting stars in the night sky, it's the smallest particles that help scientists to understand the nature of the universe. Subatomic particles such as electrons or protons arriving from interstellar space and beyond are one of the fastest particles known in the universe and known as cosmic rays.

The origins and the acceleration mechanisms of the most energetic of these cosmic particles remains one of the biggest mysteries in astrophysics. Fast-moving matter outflows (or "jets") launched from black holes would be an ideal site for particle acceleration, but the details on how and under which conditions acceleration processes can occur are unclear. The most powerful jets inside our Galaxy occur in microquasars: systems composed by a stellar-mass black hole and a "normal" star. The pair orbit each other, and, once they are close enough, the black hole starts to slowly swallow its companion. As a consequence of this, jets are launched from the region close to the black hole.

In the past couple of years there has been growing evidence that microquasar jets are efficient particle accelerators. It is however unclear how much they contribute, as a group, to the total amount of cosmic rays in the Galaxy. The answer to this question requires understanding if all microquasars are able to accelerate particles or only a lucky few.

Microquasars are usually classified depending on the mass of the star in the system into either "low-mass" or "high-mass" systems, with lower-mass systems being much more abundant. However, up until now evidence of particle acceleration was only found for the high-mass systems. For example, the microquasar SS 433, which was recently revealed to be one of the most powerful particle accelerators in the Galaxy, contains a star with mass approximately ten times that of the Sun. Consequently, it was generally believed that low-mass microquasars were not powerful enough to produce gamma-rays. Dr. Laura Olivera-Nieto from the Max-Planck-Institut fur Kernphysik in Heidelberg, Germany (MPIK) and Dr. Guillem Marti-Devesa from the Universita di Trieste, Italy have now made a discovery that shakes this paradigm. They used 16 years of data from the Large Area Telescope detector onboard NASA's satellite Fermi to reveal a faint gamma-ray signal consistent with the position of GRS 1915+105, a microquasar with a star smaller than the Sun. The gamma-ray signal is measured to have energies higher than 10 GeV, indicating that the system could accelerate particles to even higher energies.

The observations favor a scenario in which protons are accelerated in the jets, after which they escape and interact with nearby gas to produce gamma-ray photons. In the paper, published in the Astrophysical Journal Letters, they also use data from the Nobeyama 45-meter radio telescope in Japan, which indicates that there is enough gas material around the source for this scenario.

This result shows that even microquasars hosting a low-mass star are capable of particle acceleration. Because this is the most numerous class, this finding has significant implications for the estimated contribution of microquasars as a group to the cosmic ray content of our Galaxy. However, more detections and multi-wavelength studies will be required in order to further narrow down why some systems accelerate particles efficiently but not all.
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New insights into the perception of coffee taste -- genetic predisposition plays a role | ScienceDaily
Why does coffee taste more bitter to some people than it does to others? Researchers at the Leibniz Institute for Food Systems Biology at the Technical University of Munich have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated for the first time that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.


						
Although caffeine has been known as a bitter tasting substance for a long time, even decaffeinated coffee tastes bitter. This shows that other substances also contribute to the bitter taste of roasted coffee. Coline Bichlmaier, a doctoral student at the Leibniz Institute, explains: "Indeed, previous studies have identified various compound classes that are formed during roasting and contribute to bitterness. During my doctoral thesis, I have now identified and thoroughly analyzed another class of previously unknown roasting substances."

The starting point of her research was the mozambioside contained in Arabica beans. It tastes about ten times more bitter than caffeine and activates two of the approximately 25 bitter taste receptor types found in the human body, namely the TAS2R43 and TAS2R46 receptors. "However, our investigations showed that the concentration of mozambioside decreases significantly during roasting, so that it only makes a small contribution to the bitterness of coffee," says principal investigator Roman Lang, and continues: "This prompted us to test whether roasting produces breakdown products of mozambioside are also bitter and could affect coffee's taste."

Combination effect and genetic predisposition are important

As the research team shows, seven different degradation products of mozambioside are formed during roasting. These compounds are found in roasted coffee in varying concentrations, depending on roasting temperature and duration, and almost completely pass into the beverage during brewing.

Investigations in a cellular test system established at the institute show that these roasting substances activate the same bitter taste receptor types as mozambioside. Three of the roasting products even had a stronger effect on the receptors than the original compound. However, the researchers found that the concentrations of these roasting products measured in brewed coffee were too low to induce a noticeable taste on their own. Only the combination of mozambioside and its roasting products in a sample led eight out of eleven test subjects to perceive a bitter taste. One person found the taste astringent and two did not perceive any particular taste.

A genetic test showed that taste sensitivity depended on the genetic predisposition of the test subjects: two people had both copies of the TAS2R43 gene variant defective. Seven had one intact and one defective variant of the receptor and only two people had both copies of the gene intact.




What do the results mean for the future?

"The new findings deepen our understanding of how the roasting process influences the flavor of coffee and open up new possibilities for developing coffee varieties with coordinated flavor profiles. They are also an important milestone in flavor research, but also in health research," says Roman Lang, explaining: "Bitter substances and their receptors have further physiological functions in the body, most of which are still unknown." According to Lang, there is still a lot of work to be done, since for many bitter substances in coffee alone, it is not yet known which bitter taste receptors they activate, even though millions of people worldwide drink coffee every day.

More information

Mozambioside 

Arabica coffee contains bitter-tasting mozambioside (11-O-b-D-glucosyl-cafestol-2-one). It is a hydrophilic derivative of cafestol that is particularly abundant in naturally caffeine-free varieties. Its perception threshold in humans is 60 +- 10 micromolar (Lang et al., 2015; Lang et al., 2020). Its concentration in raw Arabica coffee is about 0.4-1.2 micromol/g. Roasting breaks down the substance to below the taste threshold in the end product.

Other bitter-tasting roasting substances in coffee 

The most important bitter tasting substances that are reportedly formed during roasting include caffeoylquinides, which are formed from chlorogenic acids, diketopiperazines, which originate from coffee proteins, and oligomers of 4-vinylcatechols, which are formed from caffeic acids. These compound classes do impart a bitter taste, but it is not yet known which bitter taste receptor types mediate their perception.

Bitter taste receptors 

In humans, about 25 different taste receptor types are responsible for the perception of bitter substances. These bitter taste receptors are not only found in the mouth, but also on cells of other organs and tissues. The many functions they perform there are the subject of numerous studies, including those conducted at the Leibniz Institute for Food Systems Biology at the Technical University of Munich. Various studies already indicate that bitter taste receptors in the respiratory tract help to ward off pathogens and accelerate the movement of cilia. They also suggest that endogenous bitter receptors in the intestines and blood cells support defense mechanisms or are involved in the regulation of metabolism.
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Study reveals how microbes help detoxify our atmosphere | ScienceDaily
Melbourne researchers have discovered crucial new information about how microbes consume huge amounts of carbon monoxide (CO) and help reduce levels of this deadly gas.


						
Over two billion tonnes of carbon monoxide are released into the atmosphere globally each year. Microbes consume about 250 million tonnes of this, reducing CO to safer levels.

The Monash University-led Study, published in Nature Chemical Biology,reveals at an atomic level how microbes consume CO present in the atmosphere. They use a special enzyme, called the CO dehydrogenase, to extract energy from this universally present but highly toxic gas.

Co-first author Ashleigh Kropp, from the Monash Biomedicine Discovery Institute's (BDI) Greening lab and the University of Melbourne's Grinter lab, said the study showed for the first time how this enzyme extracted atmospheric CO and powered cells.

"This enzyme is used by trillions of microbes in our soils and waters. These microbes consume CO for their own survival, but in the process inadvertently help us," Ms Kropp said.

Co-first author Dr David Gillett, who completed his PhD research in the Greening Lab, said this was a fantastic example of microbial 'ingenuity': how life has evolved ways to turn something toxic into something useful.

"These microbes help clean our atmosphere," Dr Gillett said. "This counteracts air pollution, which kills many millions of people each year, and also reduces global warming given CO is indirectly a greenhouse gas."

While this discovery is unlikely to be directly used to combat or monitor CO emissions, it deepens our understanding of how the atmosphere is regulated and how it might respond to future changes.




Professor Chris Greening, co-senior author and head of BDI's Global Change Program, said the discovery highlighted the broader importance of microbes.

"Microbes play countless roles essential for both human and planetary health. Yet, because they're invisible and often misunderstood, their contributions frequently go unnoticed," he said.

Ms Kropp said microbes were a big reason why our air was breathable. "They make half the oxygen we breathe and detoxify various pollutants like CO. It's crucial we better understand and appreciate how they support our own survival," she said.

About microbes

Microbes are microscopic living things found in water, soil, the air and our bodies. Also known as microorganisms, some microbes make us ill, while others are important for health. The most common types are bacteria, viruses and fungi.
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Weather change linked to increased risk of Salmonella outbreaks | ScienceDaily
Climate change is impacting the spread of Salmonella, according to new research from the University of Surrey. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.


						
The study, led by a team of researchers at Surrey's School of Veterinary Medicine, investigated the impact of different weather factors on the transmission of Salmonella -- a leading cause of foodborne illnesses in Europe, accounting for nearly one in three foodborne outbreaks.

Salmonella is a type of bacteria that can cause food poisoning. It's found in the intestines of animals and humans and can contaminate food if it's not cooked or handled properly. Salmonella can cause diarrhea, fever, and stomach cramps, and it is most prominent in areas with poor sanitation and hygiene.

In the study, published in the Journal of Infection, researchers compared UK Health Security Agency (UKHSA) data of confirmed cases of Salmonella in England and Wales during 2000-2016 with Met Office data of the time, focusing on 14 different weather factors. This provided a more holistic understanding, which considered the combined effect of multiple weather factors on incidents of Salmonella, leading to an in-depth description of the risk of salmonellosis when we know the local weather during the past days.

Warmer temperatures (above 10 degrees Celsius), relative humidity, dewpoint temperature (between 7-10 degrees Celsius), and longer days (over 12-15 hours) were identified as key weather factors associated with an increase in Salmonella cases, irrespective of geographical location. These findings were also validated by analysing data from the Netherlands.

Dr Gianni Lo Iacono, Senior Lecturer in Biostatistics and Epidemiology at the University of Surrey, said:

"The model we used to analyse the data shows promise, as the findings were replicated across England, Wales and, independently, in the Netherlands, suggesting a potential for wider application in other European and high-income countries to help gain new insights on the incidence of Salmonella. It would be interesting to investigate this in regions with very different environmental and socio-economic characteristics, like tropical countries."

Dr Laura Gonzalez Villeta, the first author of the study and researcher at the University of Surrey, said:

"The study highlights how weather plays a significant role in Salmonella outbreaks and provides a valuable tool for predicting future risks and tailoring interventions, particularly in the context of climate change."
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Green phosphonate chemistry -- Does it exist? | ScienceDaily
Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.


						
Organic phosphorus compounds play a crucial role in several scientific fields, such as chemistry, biology, medicine and pharmacy. These compounds include phosphonates, which have particularly important applications as drugs for the treatment of osteoporosis and other calcium metabolism related diseases, and as corrosion and scale inhibitors, among other things.

The EU has listed phosphorus as one of the critical raw materials, i.e., raw materials ofgreat economic importance and with a high risk of supply disruption due to the concentration of their sources and the lack of good, affordable substitutes.

"Therefore, one can ask whether it is even relevant to talk about green chemistry for any compound containing non-recycled phosphorus," notes one of the authors of the review, Staff Scientist Petri Turhanen from the School of Pharmacy at the University of Eastern Finland.

Green chemistry is an area of chemistry and chemical engineering focusing on the design of products and processes that minimise or eliminate the use and generation of hazardous substances. Green chemistry methods are increasingly expected to provide solutions to the world's major environmental problems.

The recently published review article focuses on green methods in the synthesis of phosphonates, as well as the wide range of their applications. In addition, the review discusses the degradation, recovery and recycling of phosphonates.

"Feasible green chemistry methods have already been developed for the synthesis of phosphonates; however, the efficient recovery and recycling of phosphonates or phosphorus still requires a great deal of research," Turhanen sums up.

The article was an invited paper for Green Chemistry, which is the flagship journal in the field, and it was co-authored with Turhanen by University Researchers Santosh Kumar Adla and Juri Timonen from the School of Pharmacy as well as by a long-term collaborator, Professor Konstantinos D. Demadis from the University of Crete.
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New study improves the trustworthiness of wind power forecasts | ScienceDaily
Explainable artificial intelligence (XAI) is a branch of AI that helps users to peek inside the black-box of AI models to understand how their output is generated and whether their forecasts can be trusted. Recently, XAI has gained prominence in computer vision tasks such as image recognition, where understanding model decisions is critical. Building on its success in this field, it is now gradually being extended to various fields where trust and transparency are particularly important, including healthcare, transportation, and finance.


						
Researchers at EPFL's Wind Engineering and Renewable Energy Laboratory (WiRE) have tailored XAI to the black-box AI models used in their field. In a study appearing in Applied Energy, they found that XAI can improve the interpretability of wind power forecasting by providing insight into the string of decisions made by a black-box model and can help identify which variables should be used in a model's input.

"Before grid operators can effectively integrate wind power into their smart grids, they need reliable daily forecasts of wind energy generation with a low margin of error," says Prof. Fernando Porte-Agel, who's the head of WiRE. "Inaccurate forecasts mean grid operators have to compensate at the last minute, often using more expensive fossil fuel-based energy."

More credible and reliable predictions

The models currently used to forecast wind power output are based on fluid dynamics, weather modeling, and statistical methods -- yet they still have a non-negligible margin of error. AI has enabled engineers to improve wind power predictions by using extensive data to identify patterns between weather model variables and wind turbine power output. Most AI models, however, function as "black boxes," making it challenging to understand how they arrive at specific predictions. XAI addresses this issue by providing transparency on the modeling processes leading to the forecasts, resulting in more credible and reliable predictions.

Most important variables

To carry out their study, the research team trained a neural network by selecting input variables from a weather model with a significant influence on wind power generation -- such as wind direction, wind speed, air pressure, and temperature -- alongside data collected from wind farms in Switzerland and worldwide. "We tailored four XAI techniques and developed metrics for determining whether a technique's interpretation of the data is reliable," says Wenlong Liao, the study's lead author and a postdoc at WiRE.

In machine learning, metrics are what engineers use to evaluate the model performance. For example, metrics can show whether the relationship between two variables is causation or correlation. They're developed for specific applications -- diagnosing a medical condition, measuring the number of hours lost to traffic congestion or calculating a company's stock-market valuation. "In our study, we defined various metrics to evaluate the trustworthiness of XAI techniques. Moreover, trustworthy XAI techniques can pinpoint which variables we should factor into our models to generate reliable forecasts," says Liao. "We even saw that we could leave certain variables out of our models without making them any less accurate."

More competitive

According to Jiannong Fang -- an EPFL scientist and co-author of the study -- these findings could help make wind power more competitive. "Power system operators won't feel very comfortable relying on wind power if they don't understand the internal mechanisms that their forecasting models are based on," he says. "But with XAI-based approach, models can be diagnosed and upgraded, hence generate more reliable forecasts of daily wind power fluctuations."
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Research leads to viable solution for polycotton textile waste recycling | ScienceDaily

The research was led by Prof. Gert-Jan Gruter, who heads the Industrial Sustainable Chemistry group at the UvA's Van 't Hoff Institute for Molecular Sciences (HIMS) as a parttime professor. Gruter is Chief Technology Officer at Avantium where he leads the development of renewable and circular polymer materials and technologies that are key to transforming our fossil-based economy into a renewable, bio-based economy. "Being able to recover glucose from the cotton in textile waste is a crucial contribution to this, as glucose is a key bio-based feedstock. Currently, it is produced from starch from corn and wheat. If and when we will be producing plastics from biomass on a large scale, the world will need a lot of non-food glucose."

Equally important, the process now presented in the Nature Communications paper provides a solution to the mammoth problem of recycling textile waste. According to Gruter, it is the first effective method for recycling both cotton and polyester components of polycotton with high efficiency. Gruter's PhD student Nienke Leenders, first author of the paper, performed many tests under the four-year MiWaTex project that has been funded by the Dutch Research Council NWO and is now about halfway. The project entails cooperation with textile sorting and recycling company Wieland, workwear producer Groenendijk Bedrijfskleding, Modint, the trade association for the Dutch clothing and textile industry, and CuRe, developer of advanced technology for chemical recycling of polyester.

Scalability and cost-effectiveness

The Nature Communications paper describes how Leenders performed experiments using Avantium's pilot plant for its proprietary Dawn Technology which was originally developed to convert non-food plant-based feedstock (e.g wood) into glucose and lignin. Its key feature is using highly concentrated hydrochloric acid (43% by weight) at room temperature. Leenders tested batches of actual post-consumer polycotton waste textiles in Avantium's Dawn pilot plant. It turned out the cotton cellulose could be fully hydrolyzed into glucose under industrially relevant conditions. The polyester part of the fabric remained intact and could be easily separated. The trials demonstrated high glucose yields, indicating scalability and cost-effectiveness.

The cotton-derived glucose from the process can be used in a wide range of industrial applications, including polymers, resins and solvents. It can for example be used by Avantium to produce its lead product 2,5-furandicarboxylic acid (FDCA), a crucial component in the production of the biobased PEF polyester (polyethylene furanoate) that offers a renewable alternative to PET bottles.

The process also enables the complete recycling of polyester from polycotton. It can be chemically recycled to form new virgin polyester, as was established by tests performed by CuRe.

Favorable techno-economic analysis 

According to Gruter, the research lays the foundation for actual industrial-scale recycling of polycotton textiles and the first commercial availability of non-food glucose. "Many parties are trying to get either of these things done but no one has succeeded yet. Our techno-economic analysis looks rather favourable and Avantium has already invested substantially in this development. Our ambition is to advance this technology to the next phase of commercialization, together with partners. So we might very well be the first to market non-food glucose obtained through a bio-refinery approach."
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Even quantum physics obeys the law of entropy | ScienceDaily
It is one of the most important laws of nature that we know: The famous second law of thermodynamics says that the world gets more and more disordered, when random chance is at play. Or, to put it more precisely: That entropy must increase in every closed system. Ordered structures lose their order, regular ice crystals turn into water, porcelain vases are broken up into shards. At first glance, however, quantum physics does not really seem to adhere to this rule: Mathematically speaking, entropy in quantum systems always remains the same.


						
A research team at TU Wien has now taken a closer look at this apparent contradiction and has been able to show: It depends on what kind of entropy you look at. If you define the concept of entropy in a way that it compatible with the basic ideas of quantum physics, then there is no longer any contradiction between quantum physics and thermodynamics. Entropy also increases in initially ordered quantum systems until it reaches a final state of disorder.

Entropy and the direction of time

Equating 'entropy' with 'disorder' is not entirely correct. After all, what you understand by 'disorder' may be subjective, but entropy can be clearly defined with mathematical equations.

"Entropy is a measure of whether a system is in a special, very particular state, in which case the system has low entropy, or whether it is in one of many states that look more or less the same, in which case it has high entropy," explains Prof Marcus Huber from the Institute for Atomic and Subatomic Physics at TU Wien. If you start with a very specific state, for example a box full of balls that are sorted exactly by colour, then if you shake the box a little, a higher entropy mixed state will develop over time. This is simply due to the fact that only a few ordered states exist, but many that are similarly disordered.

"From a physical point of view, this is what defines the direction of time," says Max Lock (TU Wien). "In the past, entropy was lower; the future is where entropy is higher." However, quantum physics encounters a problem here: the mathematician and physicist John von Neumann was able to show: according to the laws of quantum physics, the entropy in a quantum system cannot change at all. If you have the full information about a quantum system, the so-called 'von Neumann entropy' always stays the same; it is impossible to say whether time is running forwards or backwards, each point in time is physically as good as any other.

We only ever know part of the information

"But this view leaves out something important," says Tom Rivlin (TU Vienna). "In quantum physics you can never actually have full information about a system. We can choose a property of the system that we want to measure -- a so-called observable. This can be, for example, the location of a particle or its speed. Quantum theory then tells us the probabilities to obtain different possible measurement results. But according to quantum theory, we can never have full information about the system."




Even if we know the probabilities, the actual result of a specific measurement remains a surprise. This element of surprise must be included in the definition of entropy. Instead of calculating the von Neumann entropy for the complete quantum state of the entire system, you could calculate an entropy for a specific observable. The former would not change with time, but the latter might.

This type of entropy is called 'Shannon entropy'. It depends on the probabilities with which different possible values are measured. 'You could say that Shannon entropy is a measure of how much information you gain from the measurement,' says Florian Meier (TU Wien). "If there is only one possible measurement result that occurs with 100% certainty, then the Shannon entropy is zero. You won't be surprised by the result, you won't learn anything from it. If there are many possible values with similarly large probabilities, then the Shannon entropy is large."

Quantum disorder increases after all

The research team has now been able to show that if you start with a state of low Shannon entropy, then this kind of entropy increases in a closed quantum system until it levels off around a maximum value -- exactly as is known from thermodynamics in classical systems. The more time passes, the more unclear the measurement results become and the greater the surprise that can be experienced when observing. This has now been proven mathematically and also confirmed by computer simulations that describe the behaviour of several interacting particles.

"This shows us that the second law of thermodynamics is also true in a quantum system that is completely isolated from its environment. You just have to ask the right questions and use a suitable definition of entropy," says Marcus Huber.

If you are investigating quantum systems that consist of very few particles (for example, a hydrogen atom with only a few electrons), then such considerations are irrelevant. But today, especially with regard to modern technical applications of quantum physics, we are often faced with the challenge of describing quantum systems that consist of many particles. "To describe such many-particle systems, it is essential to reconcile quantum theory with thermodynamics," says Marcus Huber. "That's why we also want to use our basic research to lay the foundation for new quantum technologies."
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Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics | ScienceDaily
A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers at the University of Surrey.


						
The human gut microbiome, a complex ecosystem of bacteria, plays a vital role in overall health. Imbalances in this ecosystem, known as dysbiosis, have been linked to various inflammatory conditions.

Through harnessing the power of large-scale computer models such as Genome Scale Metabolic Models (GSMMs) and computational methodologies such as Flux Balance Analysis (FBA), researchers can investigate the complexity of the human gut microbiome. By analysing these models, researchers can identify potential targets and design personalised probiotic and prebiotic treatments.

Dr Matteo Barberis, lead author of the study and Reader in Systems Biology from the University of Surrey, says:

"Our research presents a workflow to model human-gut microbiome interactions for probiotic design, a step in the right direction, offering a new way to help the treatment of inflammatory diseases. It can predict metabolic reactions within the bacterial strains in the gut that may be targeted to correct the dysbiosis, thus offering a platform for dietary/probiotic interventions. By understanding the intricate workings of the gut microbiome and developing dedicated modelling workflows, we are paving the way for a future where personalised therapies can improve patients' health."
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Blood-powered toes give salamanders an arboreal edge | ScienceDaily
Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery.


						
A new study in the Journal of Morphologyreveals the answer may have a lot to do with a surprising mechanism: blood-powered toes. The Washington State University-led research team discovered that wandering salamanders (Aneides vagrans) can rapidly fill, trap, and drain the blood in their toe tips to optimize attachment, detachment and general locomotion through their arboreal environment.

The research not only uncovers a previously unknown physiological mechanism in salamanders but also has implications for bioinspired designed. Insights into salamander toe mechanics could ultimately inform the development of adhesives, prosthetics, and even robotic appendages.

"Gecko-inspired adhesives already allow surfaces to be reused without losing stickiness," said Christian Brown, lead author of the study and an integrative physiology and neuroscience postdoctoral researcher at WSU. "Understanding salamander toes could lead to similar breakthroughs in attachment technologies."

Discovery sparked by a documentary shoot

Salamanders of the Aneides genus have long puzzled scientists with their square-shaped toe tips and bright red blood "lakes" that can be seen just beneath their translucent skin. Historically, these features were thought to aid oxygenation, but no evidence supported that claim.

Brown's interest in the topic traces back to an unexpected observation during the filming of the documentary, "The Americas," which airs on Feb. 23 on NBC and Peacock. While assisting on set as the resident salamander expert, Brown had the opportunity to observe through the production team's high-powered camera lenses how the amphibians move around.




He noticed something strange. Blood was rushing into the small creatures' translucent toe tips moments before they took a step. Brown and camera assistant William Goldenberg repeatedly observed the phenomenon. "We looked at each other like, 'Did you see that?'" Brown said.

Though the producers moved on, Brown's curiosity didn't. After the shoot, he reached out to Goldenberg and asked if he was interested in using his film equipment to investigate what they had observed in a scientific and repeatable way.

Through high-resolution video trials and corroborating analysis in WSU's Franceschi Microscopy & Imaging Center, Brown, Goldenberg and colleagues at WSU and Gonzaga University uncovered that wandering salamanders can finely control and regulate blood flow to each side of their toe tips.

This allows them to adjust pressure asymmetrically, improving grip on irregular surfaces like tree bark. Surprisingly, the blood rushing in before "toe off" appears to help salamanders detach rather than attach. By slightly inflating the toe tip, the salamanders reduce the surface area in contact with the surface they are on, minimizing the energy required to let go. This dexterity is crucial for navigating the uneven and slippery surfaces of the redwood canopy -- and for sticking safe landings when parachuting between branches.

"If you're climbing a redwood and have 18 toes gripping bark, being able to detach efficiently without damaging your toe tips makes a huge difference," Brown said.

The implications of the research could extend beyond Aneides vagrans. Similar vascularized structures are found in other salamander species, including aquatic ones, suggesting a universal mechanism for toe stiffness regulation that may serve different purposes depending on the salamander's environment. Moving forward, Brown and colleagues plan to expand the research to look at how the mechanism works in other salamander species and habitats.

"This could redefine our understanding of how salamanders move across diverse habitats," Brown said.
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Better nurse staffing linked to fewer C-sections | ScienceDaily
Labor and delivery units that are adequately staffed by nurses have lower cesarean birth rates, according to new research published in the journal Nursing Outlook.


						
"Our findings highlight how crucial nurse staffing is for optimal maternal outcomes," said Audrey Lyndon, the Vernice D. Ferguson Professor in Health Equity and executive vice dean at NYU Rory Meyers College of Nursing.

C-sections account for nearly a third of births in the US and are the most common surgery performed in hospitals. While C-sections can be lifesaving and some are necessary for the health of the mother and child, the surgery carries more risks and a longer recovery than vaginal births and can complicate future pregnancies.

"If we can safely lower the C-section rate, we are improving outcomes for childbearing people and their families," added Lyndon, the study's lead author.

Nurses play an important role during childbirth, providing emotional and physical support at the bedside, monitoring the health of the mother and baby, and administering medication. When hospitals are understaffed, nurses are forced to prioritize tasks that require the most immediate attention at the expense of other care.

"While nurses intuitively know that having enough nurses to provide the attentive care that mother and babies need and deserve improves outcomes, research has been minimal in linking maternity nurse staffing and patient outcomes," said Kathleen Rice Simpson, a perinatal clinical nurse specialist at Mercy Hospital St. Louis and study author.

To determine if nurse staffing influences C-section rates, the researchers examined how well maternity units adhere to staffing standards established by the Association of Women's Health, Obstetric and Neonatal Nurses (AWHONN). The evidence-based standards call for one nurse to one birthing person during many parts of labor, two nurses at birth, and one nurse for each mother-newborn pair in the first few hours after birth.




The researchers surveyed 2,786 nurses from 193 hospitals across 23 states about staffing on their maternity units. Their responses, collected in 2018 and 2019, were matched with hospital-level administrative data and rates of C-sections and vaginal births.

Better nurse staffing during labor and birth was linked to lower C-section rates and higher vaginal birth rates, including vaginal births among mothers who had previously had C-sections. C-section rates were 11 percent lower in hospitals with nurse staffing aligned with the national standards.

"Concern about cesarean section rates in the US has been high for many years, and there has been little progress toward improvement. This study points us toward one important solution: aligning labor and delivery nurse staffing with consensus- and expert-developed guidelines," said Joanne Spetz, director of the Institute for Health Policy Studies at the University of California, San Francisco (UCSF) and a study author.

"We hope our findings will encourage hospitals to see the value in nurse staffing consistent with standards to support healthy outcomes for mothers and babies," said Simpson.

Hospitals and policymakers often point to increased costs related to both C-sections and nurse staffing. The researchers note that the cost of adequate nurse staffing during labor and birth can be balanced by the savings of avoiding unnecessary C-sections, including shorter hospital stays and fewer complications.

"Nursing care is looked at as a cost center as opposed to a revenue center in hospitals, so it's often one of the first things cut when hospitals are trying to keep costs in line. But research continues to show that nurse staffing is a key contributor to patient safety across departments," said Lyndon.

"While increasing nurse staffing during a period of shortage can be challenging, this investment could reduce overall costs by reducing rates of surgical cesarean sections and longer-term adverse outcomes for mothers and babies," said Spetz.

To hold hospitals accountable, the researchers encourage the Centers for Medicare and Medicaid Services (CMS) to consider establishing regulatory standards for nurse staffing as part of their "Birthing-Friendly" designation for high-quality maternity care.

Additional study authors include Jason Fletcher of NYU Meyers, Gay Landstrom of Trinity Health in Michigan, and Caryl Gay of UCSF. The research was supported by the Agency for Healthcare Research and Quality (grant R01HS025715).
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Improving the way flash memory is made | ScienceDaily
To store ever more data in electronic devices of the same size, the manufacturing processes for these devices need to be studied in greater detail. By investigating new approaches to making digital memory at the atomic scale, researchers engaged in a public-private partnership are aiming to address the endless demand for denser data storage.


						
One such effort has focused on developing the ideal manufacturing process for a type of digital memory known as 3D NAND flash memory, which stacks data vertically to increase storage density. The narrow, deep holes required for this type of memory can be etched twice as fast with the right plasma and other key ingredients, according to a new study published in the Journal of Vacuum Science & Technology A. The study involved simulations and experiments conducted by scientists at Lam Research, the University of Colorado Boulder and the U.S. Department of Energy's Princeton Plasma Physics Laboratory (PPPL).

NAND flash memory is a type of nonvolatile data storage, meaning that it retains data even if the power to the device is off. "Most people are familiar with NAND flash memory because it's the kind that is in the memory cards for digital cameras and thumb drives. It is also used in computers and mobile phones. Making this type of memory denser still -- so that more data can be packed into the same footprint -- will be increasingly important as our data storage needs grow due to the use of artificial intelligence," said Igor Kaganovich, a principal research physicist at PPPL.

Stacking memory cells to save space

Digital memory saves information in units called cells. Data is saved as the cell's state, where each cell is either on or off. With traditional NAND flash memory, the cells are arranged in a single layer. In 3D NAND flash memory, many memory cells are stacked on top of each other to fit more data in a smaller footprint. It's akin to replacing a bungalow with a 10-story apartment to house more people.

A critical step in creating these stacks involves carving holes into alternating layers of silicon oxide and silicon nitride. The holes can be etched by exposing the layered material to chemicals in the form of plasma (partly ionized gases). Atoms in the plasma interact with atoms in the layered material, carving out the holes.

Researchers want to refine how they make these holes so each one is deep, narrow, and vertical, with smooth sides. Getting the recipe just right has been tough, so scientists have continued to test new ingredients and temperatures.




Using plasma to create deep, narrow channels

"These processes use plasma as a source of high-energy ions," said Yuri Barsukov, a former PPPL researcher now working at Lam Research. Using the charged particles found in plasma is the easiest way to create the very small but deep, circular holes needed for microelectronics, he said. However, the process, known as reactive ion etching, isn't fully understood and could be improved. One recent development involves keeping the wafer -- the sheet of semiconductor material to be processed -- at a low temperature. This emerging approach is called cryo etching.

Traditionally, cryo etching uses separate hydrogen and fluorine gases to make the holes. The researchers compared results from this process to a more advanced cryo-etching process that uses hydrogen fluoride gas to create the plasma.

"Cryo etch with the hydrogen fluoride plasma showed a significant increase in the etching rate compared to previous cryo-etch processes, where you are using separate fluorine and hydrogen sources," said Thorsten Lill of Lam Research. Headquartered in Fremont, California, Lam Research supplies wafer fabrication equipment and services to chipmakers.

Doubling etch rates

When silicon nitride and silicon oxide were tested separately, the etch rate increased for the nitride and the oxide layer using the hydrogen fluoride plasma instead of the separate hydrogen and fluorine gases. While the effect for silicon nitride was more pronounced than for silicon oxide, etching both materials simultaneously yielded the most significant increase. In fact, the etching rate for the alternating silicon oxide and silicon nitride layers more than doubled, increasing from 310 nanometers per minute to 640 nanometers per minute. (A human hair is roughly 90,000 nanometers in width.)

"The quality of the etch seems to have improved as well, and that's significant," Lill said.




The researchers also studied the impact of phosphorus trifluoride, an essential ingredient when etching silicon dioxide at any significant degree. While it has been used before, the researchers wanted to better understand and quantify its impact. They found that adding phosphorus trifluoride quadrupled the etch rate for silicon dioxide, though it only marginally increased the silicon nitride etch rate.

Another chemical compound the researchers studied was ammonium fluorosilicate, which forms during the etching process when the silicon nitride reacts with the hydrogen fluoride. The research showed that ammonium fluorosilicate can slow down etching, but water can offset this effect. According to Barsukov's simulations, water weakened the ammonium fluorosilicate bonds. "The salt can decompose at a lower temperature when water is present, which can accelerate etching," Barsukov said.

Laying a foundation for future research

Kaganovich said the research is also important because it shows how scientists in industry, academia and national laboratories can work together to answer important questions in the microelectronics field. It also brings together information gathered from experimentalists and theorists. "We are building bridges to the greater community," he said. "This is an essential step in gaining a better understanding of semiconductor manufacturing processes for everyone."

Lill said he appreciates working with PPPL on semiconductor manufacturing research because PPPL research offers a range of capabilities in plasma simulation for microelectronics.

Funding for this research was provided by PPPL's Laboratory Directed Research and Development program.
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Guided self-help makes treating children with obesity easier and more affordable | ScienceDaily
Family-based behavioral treatment (FBT) is a clinically-proven approach to treating children with obesity in which a health care professional works with the family to help children lose weight by promoting physical activity, encouraging healthy eating habits, and teaching age-appropriate behavioral skills. While FBT is traditionally led by clinicians, researchers at University of California San Diego's Center for Healthy Eating and Activity Research (CHEAR) have now found that self-guided FBT is just as effective in helping children lose weight compared to traditional approaches. It is also more flexible in terms of scheduling, costs significantly less and requires fewer contact hours with a provider. The results were recently published in Pediatrics.


						
"Traditional FBT is an effective treatment for children with obesity, but it can be time-intensive, can only be offered at specific times, and is expensive, which makes families facing difficult financial circumstances less likely to seek treatment," said senior author Kerri Boutelle, Ph.D., director of CHEAR and professor in the Departments of Pediatrics and Psychiatry at UC San Diego School of Medicine and the UC San Diego Herbert Wertheim School of Public Health and Human Longevity Science. "By providing the same core skills as traditional FBT in a more flexible and condensed format, we can increase access to treatment for families who may not be able to participate in traditional group-based programs."

About one-in-five children in the U.S. has obesity, according to 2017-2018 data from the National Health and Nutrition Examination Survey (NHANES). Obesity is associated with a wide range of negative health outcomes in children, such as increased risk of developing type 2 diabetes, high blood pressure and asthma. Obesity in children is also associated with mental health concerns such as depression, anxiety, low self-esteem and social isolation. Unlike obesity in adults, which is often managed individually, helping children lose weight is a family effort.

The researchers developed a guided self-help version of FBT that can be delivered through 20-minute biweekly visits, providing written educational materials for families to work through in between sessions. Traditional FBT is more time intensive, and is offered in weekly 60-minute parent and child separate group sessions in addition to 20-minute biweekly sessions. To determine whether the self-guided approach was as effective as standard FBT, the researchers randomly assigned 150 parent/child pairs to receive either traditional or self-guided FBT. They then compared the children's weight loss during treatment and at follow-up visits six, 12 and 18 months later.

The researchers found that self-guided FBT resulted in similar child weight losses to traditional FBT, but with much less contact time with a provider: 5.3 hours for self-guided versus 23 hours for traditional FBT. The cost of self-guided FBT was also significantly lower than traditional FBT: $1,498 per family for self-guided versus $2,775 per family for traditional FBT.

By demonstrating the efficacy of self-guided FBT, the study offers a more accessible solution to the growing crisis of obesity among children and throws a wrench in the idea that helping children lose weight requires substantial clinical resources.

"Previous studies suggest that outcomes are improved with more contact hours, but our findings show that it may not be so simple," said Boutelle. "We're finding that the most important thing is working with parents, which can be done without a trained clinician. While some families may benefit from the standard approach, providing more flexible and accessible alternatives like self-guided FBT can help us make a wider impact on the epidemic of childhood obesity."
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No differences between dementia care approaches on patient behavioral symptoms or caregiver strain | ScienceDaily
New research comparing different approaches to dementia care for people with Alzheimer's disease and other dementias found no significant differences in patient behavioral symptoms or caregiver strain, whether delivered through a health system, provided by a community-based organization, or as usual care over an 18-month period.


						
However, the Dementia Care Study, also known as D-CARE, also found that caregiver self-efficacy -- a measurement of caregivers' confidence in managing dementia-related challenges and accessing support -- improved in both the health-system and community-based care approaches and was rated higher than in those receiving usual care. Higher self-efficacy was observed within 6 months of care delivery and remained consistent throughout the study.

"The D-CARE trial is the largest evaluation, to date, of different approaches to providing dementia care," said Dr. David Reuben, Archstone Professor of Geriatrics at the David Geffen School of Medicine at UCLA and principal investigator of the study. "Caregivers play an essential role in the lives of individuals with dementia, and their ability to manage stress and feel confident in their caregiving roles is crucial. Higher self-efficacy may lead to obtaining more resources and keeping persons with dementia in their homes."

The study will be published on Jan. 29 in the peer-reviewed Journal of the American Medical Association (JAMA).

Funded by the Patient-Centered Outcomes Research Institute and the National Institute on Aging, the D-CARE study aimed to compare the effectiveness of two established dementia care approaches to each other and to usual care. It comprised 2,176 persons with dementia and their caregivers and was conducted from June 2019 to August 2023.

The study was led by investigators at University of California, Los Angeles, with data management and statistics performed by the Yale Data Coordinating Center and was conducted at four clinical sites: Atrium Health Wake Forest Baptist, Baylor Scott & White Health, the University of Texas Medical Branch, and Geisinger Health. The study was supported by investigators at the Benjamin Rose Institute on Aging, University of Oklahoma Health Sciences Center, Cedars-Sinai Medical Center, and RAND. Participants were randomly assigned to one of three groups: health care system-based care delivered by Dementia Care Specialists (based on the UCLA Alzheimer's and Dementia Care Program), community-based organization-based care delivered by Care Consultants (utilizing Benjamin Rose Institute on Aging Care Consultation Program), or usual care.

"The study's results underscore the complexities of dementia care and the challenges in comparing dementia care models in a real-world setting, particularly during the COVID-19 pandemic," Reuben said. "Moreover, some benefits of the models may not have been fully captured in the trial's chosen primary and secondary outcomes." The effects of the interventions on health care utilization are still pending.

The findings from D-CARE have significant implications for healthcare systems, medical groups, community-based organizations, policymakers, and insurers working to improve dementia care. The study suggests that while health system and community-based dementia programs may not outperform routine care in reducing caregiver strain or managing patient behaviors, these programs help caregivers navigate the challenges of dementia care more effectively.

"These findings remind us that different approaches to dementia care can lead to comparable clinical outcomes and may be particularly valuable for institutions participating in the new Medicare Guiding an Improved Dementia Experience (GUIDE) program," Reuben said. "Additional analyses of D-CARE will provide further insight into the effectiveness of health system- and community-based dementia care."

The D-CARE study is funded by the Patient-Centered Outcomes Research Institute (PCS-2017C1-6534), a nonprofit institution, and the National Institute on Aging (R01 AG061078). The awards include four clinical trial sites. Additional support was provided by the Yale Program on Aging/Claude D. Pepper Older Americans Independence Center (P30AG021342), The National Center for Advancing Translational Science (NCATS) a component of the National Institutes of Health (NIH) (UL1 TR000142), The Mexican Health and Aging Study (R01AG018016), The UTMB Claude D. Pepper Older Americans Independence Center (OAIC) (P30 AG024832), The Dewey and Cynthia Robertson Fund for Wake Forest Geriatrics and the Wake Forest Alzheimer's Disease Research Center (P30 AG049638).
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Landmark genetic study: Fresh shoots of hope on the tree of life | ScienceDaily
In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.


						
The landmark study, published in the pre-eminent scientific journal Nature, was led by Associate Professor Catherine Grueber from the School of Life and Environmental Sciences and a team of researchers from countries including the UK, Sweden, Poland, Spain, Greece and China.

The data spans more than three decades (from 1985-2019) and looks at 628 species of animals, plants and fungi across all terrestrial and most maritime realms on earth.

Two-thirds of the populations analysed are declining in genetic diversity but conservation efforts designed to improve environmental conditions, grow populations and introduce new individuals for breeding -- for example habitat restoration and animal translocations -- are sustaining, and in some cases increasing, genetic diversity in populations.

Associate Professor Grueber said: "There is no getting around the fact that biodiversity is declining at unprecedented rates across the globe -- but there are glimmers of hope. The action of conservationists is reversing these losses and helping to create genetically diverse populations that can better meet the challenges of the future."

The team of scientists used innovations in genetic analysis to gain new insights from studies carried out decades ago. Creating a common measurement scale, they were able to make comparisons between studies, even when they used different methodologies and collected genetic data in different ways.

"This kind of comprehensive global study would not have been possible even 10 years ago," Associate Professor Grueber said.




"Advances in genetics and statistics have given us new tools that mean we can continue to learn from studies long after they were carried out -- a huge benefit when we are looking at populations and trends on a global scale."

Conservation efforts that could improve or maintain genetic diversity include translocations -- where animals are moved between populations to benefit a species or ecosystem -- habitat restoration, population control -- where some individuals are removed to improve conditions for those that remain -- and controlling feral or pest species.

Successes include the reintroduction of the golden bandicoot into areas in Western Australia, the release of arctic foxes from captive breeding programs in Scandinavia, translocation of greater prairie chickens into existing populations in North America, and the effective treatment of disease within black-tailed prairie dog populations, which has improved the health of colonies in north-central Montana in the US.

The authors hope the findings will encourage more conservation efforts and lead to increased protections for populations that are currently not managed.

Co-first author, Dr Robyn Shaw from the University of Canberra, said: "Despite successes, we can't be complacent. Two-thirds of the populations analysed are facing threats, and among these populations less than half received any kind of conservation management. It's vital that we learn from what is working so that we can protect species in the long-term."

Case study animals

Further information about the species mentioned in the study, which have seen an increase in genetic diversity thanks to conservation actions. More examples are available from researchers.
    	Golden bandicoot (Isoodon auratus): an Australian threatened species, where genetic diversity was successfully maintained when establishing new populations in Western Australia.
    	Scandinavian arctic fox (Vulpes lagopus): the species has seen huge declines due to the fur trade. It now has smaller population sizes and faces competition from red foxes, among other threats. A range of conservation actions are being used, including supplementary feeding, the removal of red foxes and release of arctic foxes from captive breeding programs. These efforts have seen the maintenance of -- and in some cases an increase in -- genetic diversity, helping the population size to grow.
    	Black-tailed prairie dog (Cynomys ludovicianus): in the wild this species suffers from plague, which is spread by fleas. By dusting prairie dog burrows with an insecticide to control fleas, conservationists observed an improved gene flow and an increase in genetic diversity, improving the outlook for the population.
    	Greater prairie chicken (Tympanuchus cupido pinnatus): conservation efforts to translocate animals amongst sites and restore habitat have increased genetic diversity and reduced inbreeding, improving the prospects for these populations.
    	Hine's emerald dragonfly (Somatochlora hineana): an endangered US species which has declined and become fragmented due to habitat loss. Ongoing intensive management efforts to maintain habitat and reconnect habitat patches are helping the species maintain genetic diversity and are expected to help population sizes to grow.
    	Dusky gopher frog (Lithobates sevosus): a critically endangered species from Mississippi, which has very small population and low genetic diversity. These are increasing thanks to conservation efforts, such as "headstarting" (growing tadpoles in tanks), as well as managing wetlands and fire risks within the landscape.
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Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon | ScienceDaily
A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery by a team of researchers from the Institute of Environmental Science and Technology (ICTA-UAB) and the Department of Prehistory at the Universitat Autonoma de Barcelona, (Spain); the Universities of Exeter, Nottingham, Oxford, Reading and Southampton (UK); the University of Sao Paulo (Brazil) and Bolivian collaborators. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.


						
The study, published today in the journal Nature, describes how the pre-Hispanic Casarabe society of the Llanos de Moxos in Bolivia designed and implemented an innovative landscape engineering system, including the construction of extensive drainage canals and farm ponds. This advancement allowed the transformation of flooded tropical savannahs into highly productive fields, thereby driving the development of the "Neolithic Revolution" in the Amazon, understood as the process towards an economy based on grain production.

This region, inhabited by the Casarabe people between 500 and 1400 A.D., is a tropical lowland savannah marked by intense rainy seasons and flooding, as well as very dry seasons. The discovery, led by Umberto Lombardo, an environmental archaeologist at the UAB, has identified a unique agricultural infrastructure previously undocumented anywhere else in the world.. This system enabled them to drain excess water from flooded fields during the rainy season, facilitating agricultural productivity. In addition to the drainage canals, the Casarabe people constructed clusters of farm ponds that served as water reservoirs. These ponds enabled pot-irrigation, allowing maize cultivation to continue throughout the dry season.

This dual water management system enabled at least two harvests of maize per year, ensuring a stable food supply year-round, which was essential for sustaining a relatively large population. "This intensive agricultural strategy indicates that maize was not only cultivated but was likely the staple crop of the Casarabe culture," explains Lombardo.

This agricultural model did not rely on traditional slash-and-burn techniques used to create fertile fields. Instead, the Casarabe people preserved nearby forests for other purposes, such as obtaining firewood and medicinal plants, while implementing practices that maximized the efficient use of water and soil in the seasonally flooded savannas.

These conclusions were made possible through meticulous fieldwork combining techniques such as microbotanical analysis, remote sensing, and environmental archaeology. The analysis of 178 phytolith (plant microfossils) and pollen samples from a farm pond confirmed the presence of maize in the fields and the crucial role of maize monoculture in the diet of this pre-Columbian society. "The data shows the absence of other types of crops," Lombardo adds.

"We can document that this is the first grain-based agrarian economy in the Amazon, where until now it was believed that agriculture was based on agroforestry polyculture and not on large-scale monocultures. Now we know that this was not the case in Llanos de Moxos," says Lombardo, who asserts that this innovative piece of engineering allowed for the transformation of a challenging environment into a productive system that ensured food stability and supported the development of a growing population.

The research not only sheds light on the technological capabilities of pre-Columbian civilizations but also offers valuable lessons for modern agricultural sustainability. This discovery is a testament to the ingenuity and adaptability of the Casarabe people, who thrived due to their ability to design long-term sustainable agricultural solutions in an adverse environment.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129115228.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research contrasts drought sensitivity of Eurasian and North American grasslands | ScienceDaily
Grasslands in Asia and North America differ in their responses to drought, according to a new paper in the journal Nature led by faculty at Colorado State University. The findings show that differences in the dominant grasses and lower species diversity in the Eurasian Steppe grasslands may make it more vulnerable to drought than the North American Great Plains.


						
The findings have broad implications for land management practices on both continents and provide a valuable comparison point that was not previously available when addressing climate change.

The work at CSU was led by Professors Melinda Smith and University Distinguished Professor Alan Knapp in the Department of Biology. Smith said the multi-year project was built through ongoing collaboration with researchers in China, including first author and Smith's former postdoctoral researcher at CSU, Qiang Yu. Together, the team established six sites on each continent and imposed extreme drought conditions over a four-year period. They found the Eurasian grasslands saw a 43% reduction in annual productivity -- plant growth each year -- compared to just a 25% reduction in North America under the same conditions.

Smith said the findings also show that the negative effects of drought in Eurasia increased over time. Meanwhile, the North American system was able to stabilize in the second year of the experiment. The paper explores that difference, specifically considering how plant diversity impacted each region's ability to cope with prolonged extreme droughts.

Smith said the research shows the difference may be linked to the overall number of uncommon, subordinate plant species in each region. These species make up the bulk of plant diversity there and contribute to overall productivity -- even as primary species struggle to do so in drought conditions. The findings show these key subordinate species declined in Eurasian grasslands during drought conditions but increased in North America -- potentially stabilizing production losses there over time.

"Particularly in North America, we show that subordinate species seem to be minimizing losses and picking up the slack in a way that is not happening in Eurasia where there is less species richness," she said. "These species' ability to step up -- possibly, due to drought tolerance developed over time -- provides a unique perspective on these two vast grassland regions and how they function in these conditions."

The two regions also support different types of dominant grass species. The Eurasian grasslands are primarily suited to supporting C3 grasses, like wheat, that prefer cooler and wetter conditions, while C4 grasses, like corn, flourish in the warmer American Midwest. That allows for interesting comparisons related to agriculture and management practices under drought conditions, said Knapp.




"In general, C4 plants have more efficient photosynthetic pathways and are more productive with less water than C3 plants. Such differences may be especially important when trying to understand how productivity will change with increasingly more severe droughts," Knapp said.

Plant productivity is a fundamental component of the global carbon cycle. That is because plant photosynthesis is the primary way that atmospheric carbon, as carbon dioxide, enters ecosystems and is made available for consumption by animals and storage as biomass. Because grasslands cover 40% of the Earth's surface, they play a large role in balancing and facilitating carbon uptake and sequestration globally.

Smith said understanding how these similar, yet differing biomes contribute to that process has proven difficult in the past. That is because researchers around the globe struggled to standardize experiments in a way that allowed for clear comparisons. This work directly addresses that need by developing a large-scale, coordinated, multi-year experiment at multiple sites. The 12 total test sites for the project are collectively known as the Extreme Drought Grasslands Experiment (EDGE) and were chosen because they represent a variety of grasslands located along precipitation gradients.

Smith said the work shows how vulnerable regions with lower species diversity can be to prolonged droughts. It also shows the need for management strategies that increase and maintain plant diversity to enhance resistance to extreme drought events under future climate change scenarios.

"Dryer grassland tends to be where a lot of cattle grazing happens and where many people live globally. They are also important when we consider how carbon is stored related to climate change," she said. "So, there is a real need to develop management strategies in these areas, as climate change is expected to increasingly impact them with extreme, prolonged droughts."
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Life's building blocks in Asteroid Bennu samples | ScienceDaily
Japanese collaborators detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.


						
Asteroids, small airless bodies within the inner Solar System, are theorized to have contributed water and chemical building blocks of life to Earth billions of years ago. Although meteorites on Earth come from asteroids, the combination of exposure to moisture in the atmosphere and to an uncontrolled biosphere means that interpreting the data from them is challenging. Pristine samples collected from asteroids in space would be the ideal candidates, and successful sample collection missions have only been achieved by two countries: Japan (Hayabusa and Hayabusa2) and the United States (OSIRIS-REx).

NASA's OSIRIS-REx mission returned 121.6 grams of sample from asteroid (101955) Bennu in September 2023 -- the largest sample ever returned to Earth. Now, an international team of OSIRIS-REx sample analysis team scientists, led by Dr. Daniel Glavin and Dr. Jason Dworkin at the NASA Goddard Space Flight Center, has reported the discovery of ammonia and nitrogen-rich soluble organic matter in these samples. The findings were published in the journal Nature Astronomy. Among the findings, the Japanese contributors detected all five nitrogenous bases, molecules required for building DNA and RNA, supporting the theory that asteroids could have brought the building blocks of life to Earth.

The Bennu samples from NASA were handled under nitrogen to prevent contamination by Earth's atmosphere. A 17.75 mg sample was processed and analyzed for N-heterocycles -- organic molecules with a ring structure containing carbon and nitrogen -- using high-resolution mass spectrometry at Kyushu University.

The analysis was carried out by a research team, whose members are part of the OSIRIS-REx sample analysis team, consisting of Associate Professor Yasuhiro Oba of Hokkaido University, Principal Researcher Yoshinori Takano of JAMSTEC and Keio University, Dr. Toshiki Koga of JAMSTEC, Professor Hiroshi Naraoka of Kyushu University, and Associate Professor Yoshihiro Furukawa of Tohoku University.

The analysis revealed that the concentration of N-heterocycles is approximately 5 nmol/g, 5-10 times higher than that reported from Ryugu. In addition to the five nitrogenous bases -- adenine, guanine, cytosine, thymine and uracil -- required for building DNA and RNA, the researchers also found xanthine, hypoxanthine, and nicotinic acid (vitamin B3).

"In previous research, uracil and nicotinic acid were detected in the samples from asteroid Ryugu, but the other four nucleobases were absent. The difference in abundance and complexity of N-heterocycles between Bennu and Ryugu could reflect the differences in the environment to which these asteroids have been exposed in space," Koga explains.

Samples from the meteorites Murchison and Orgueil were also processed and analyzed previously under identical conditions for comparison. The research team observed that the ratio of purines (adenine and guanine) to pyrimidines (cytosine, thymine and uracil) was much lower in the Bennu samples compared to both Murchison and Orgueil.

"There are multiple possible reasons for this observed difference," Oba says. "They may be due to differences in parent bodies or formation pathways, or the Bennu asteroid was exposed to a cold molecular cloud environment where pyrimidine formation is more likely to occur."

"Our findings, which contribute to the larger picture painted by all the authors of the paper, indicate that nucleobase chemistry in the Bennu samples must be further studied," concluded Naraoka. Another important result of this study is that, by comparing meteorites with Bennu samples, a reference for the reanalysis of other meteorites in collections across the globe has been created.
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Pairing old and new technologies could unlock advances in plankton science | ScienceDaily
Advances in technology -- such as microscopic imaging and molecular techniques -- have the potential to transform our understanding of global ocean health, according to the authors of a new study.


						
However, they should not be employed at the expense of long-term plankton monitoring programmes, which continue to provide an essential role in tracking how our seas are shifting in the face of a changing global climate and are essential for informing routine assessments of marine biodiversity required by international law

Writing in the journal Ocean and Coastal Management, scientists say novel techniques do offer means of collecting and analysing select types of plankton data more efficiently than traditional methods.

They also have the potential to fill knowledge gaps and generate more complete pictures of plankton dynamics, factors which have led to them being proposed as possible alternatives to current monitoring programmes.

However, the authors say that the old and new methods come with different advantages and costs, while their uses and benefits -- across marine management and scientific communities -- can actually complement each other.

As such, they believe more effective ways should be found for old and new programmes to integrate with each other, combined with greater efforts to retain the specialist taxonomic skills needed to accurately assess plankton species and diversity.

The research was developed by some of Europe's leading experts in plankton science, working at universities and government organisations in the UK, France, Sweden and the Netherlands.




Many of them are directly involved in long-term monitoring programmes that have been running for more than six decades, and the development of new monitoring technologies, as well as advising on the management of our ocean and seas.

Dr Matthew Holland, Research Fellow at the University of Plymouth and the study's lead author, said: "Plankton support the entire marine food web and generate much of the oxygen we breathe. As such, we need to generate any information possible to ensure we know of changes in plankton communities and the impacts they could have on commercial fish stocks, sea birds, and the general health of the planet. There are amazing technologies coming on stream that can help with that -- but existing monitoring has provided us with hugely valuable insights over the past six decades, and remains essential in tracking long-term changes in ocean health."

The new study has been published at a time when there is growing global appreciation of plankton.

In September 2024, the Ocean Stewardship Coalition -- an initiative of the UN Global Compact -- launched a global Plankton Manifesto, which sought to emphasise the critical role of plankton in addressing the interlinked global crises of climate change, pollution, and biodiversity loss.

Dr Abigail McQuatters-Gollop, Associate Professor of Marine Conservation at the University of Plymouth and one of 30 international scientists to work on the Plankton Manifesto, is senior author on the new study. She added: "Plankton data are integral for understanding changes in our ocean. The new technologies being developed for monitoring plankton are exciting, but it is critical they are integrated with standard methods, many of which use a simple net and have been in place for over a century. They rely on people with years of experience in plankton science and research, and it is only through combining this human component with the monitoring methods that we can fully understand the implications of plankton change for marine ecosystems."
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Exploring mysteries of Asteroid Bennu | ScienceDaily
During the past year, there's been an unusual set of samples at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab): material gathered from the 4.5-billion-year-old asteroid Bennu when it was roughly 200 million miles from Earth.


						
Berkeley Lab is one of more than 40 institutions investigating Bennu's chemical makeup to better understand how our solar system and planets evolved. In a new study published today in the journal Nature, researchers found evidence that Bennu comes from an ancient wet world, with some material from the coldest regions of the solar system, likely beyond the orbit of Saturn.

The asteroid contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago. Brines could be a productive broth for cooking up some of the key ingredients of life, and the same type of minerals are found in dried-up lake beds on Earth (such as Searles Lake in California) and have been observed on Jupiter's moon Europa and Saturn's moon Enceladus.

"It's an amazing privilege to be able to study asteroid material, direct from space," said Matthew Marcus, a Berkeley Lab scientist who runs the Advanced Light Source (ALS) beamline where some of the samples were studied and who wrote one of the programs used to analyze their chemical composition. "We have highly specialized instruments that can tell us what Bennu is made of and help reveal its history."

The samples from Bennu were gathered by NASA's OSIRIS-REx mission, the first U.S. mission to return samples from an asteroid. The mission returned nearly 122 grams of material from Bennu -- the largest sample ever captured in space and returned to Earth from an extraterrestrial body beyond the Moon.

Marcus teamed up with Scott Sandford from NASA Ames Research Center and Zack Gainsforth from the UC Berkeley Space Sciences Laboratory to study the Bennu sample using scanning transmission X-ray microscopy (STXM) at the ALS. By varying the energy of the X-rays, they were able to determine the presence (or absence) of specific chemical bonds at the nanometer scale and map out the different chemicals found in the asteroid. The science team discovered that some of the last salts to evaporate from the brine were mixed into the rock at the finest levels.

"This sort of information provides us with important clues about the processes, environments, and timing that formed the samples," Sandford said. "Understanding these samples is important, since they represent the types of materials that were likely seeded on the surface of the early Earth and may have played a role in the origins and early evolution of life."

At Berkeley Lab's Molecular Foundry, researchers used a beam of electrons to image the same Bennu samples with transmission electron microscopy (TEM). The Foundry also helped prepare the samples for the experiments run at the ALS. Experts used an ion beam to carve out microscopic sections of the material that are about a thousand times thinner than a sheet of paper.




"Being able to examine the same exact atoms using both STXM and TEM removed many of the uncertainties in interpreting our data," Gainsforth said. "We were able to confirm that we really were seeing a ubiquitous phase formed by evaporation. It took a lot of work to get Bennu to give up its secrets, but we are delighted with the final result."

This is not the first time the ALS and Molecular Foundry have studied material from space. Researchers also used the two facilities to investigate samples from the asteroid Ryugu, building up our understanding of our early solar system. And there's still more to come, with additional studies of Bennu at both the STXM and infrared beamlines at the ALS planned for the coming year.

Berkeley Lab researchers also contributed to a second paper published today in Nature Astronomy that analyzed organic materials found on the asteroid. Within the Bennu sample, the science team identified 14 of the 20 amino acids that life on Earth uses to build proteins. They also found all five nucleobases, the ring-shaped molecules that form DNA and RNA, as well as ammonia, which on Earth might have helped spark the emergence of early life.

The results support the idea that asteroids like Bennu may have delivered water and essential chemical building blocks of life to Earth in the distant past. Based on the similarities between asteroid Bennu and the icy dwarf planets and moons of our outer solar system, these potential ingredients for life could be widespread.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129115212.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Advanced brain circuit-mapping technique reveals new anxiety drug target | ScienceDaily
Weill Cornell Medicine investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.


						
In their study, published Jan. 28 in Neuron, the researchers examined the effects of experimental drug compounds that activate a type of brain-cell receptor called the metabotropic glutamate receptor 2 (mGluR2). While these receptors are found on neurons within many brain circuits, the team showed that activating them in a specific circuit terminating in an emotion-related brain region called the amygdala reduces signs of anxiety without apparent adverse side effects. Current treatments for anxiety disorders, panic disorder and associated conditions can have unwanted side effects including cognitive impairments.

"Our findings indicate a new and important target for the treatment of anxiety-related disorders and show that our photopharmacology-based approach holds promise more broadly as a way to precisely reverse-engineer how therapeutics work in the brain," said study senior author Dr. Joshua Levitz, an associate professor of biochemistry at Weill Cornell Medicine.

The co-first authors of the study are Drs. Hermany Munguba and Ipsit Srivastava, a former and current postdoctoral associate, respectively, in the Levitz lab, and Dr. Vanessa Gutzeit, a doctoral student in the Levitz lab at the time of the study.

Activating mGluR2 -- a tiny "dimmer switch" that reduces the synaptic transmission of its host neuron -- has been shown to have anxiety-reducing effects in prior preclinical and small clinical studies. However, the development of this drug class has been stymied in part by concerns over potential side effects. mGluR2 is found within many different brain circuits, and the drugs that target them often activate other members of the mGluR family as well, contributing to the possibility that these drugs will have unwanted side effects.

In the new study, Dr. Levitz and his team advanced the understanding of how mGluR2 activators work on the brain with their new toolkit for mapping circuit-specific drug effects. In initial experiments, they confirmed that a portion of the amygdala known as the basolateral amygdala (BLA) is the principal location where mGluR2-activating compounds exert their anxiety-reducing effects. With genetic tools and a special tracer-labeled virus that can move "upstream" along nerve fibers, they isolated two specific circuits that terminate in the BLA, express high levels of mGluR2 and induce anxiety signs in mice when active.

They next deployed a photopharmacology technique that was first developed by Dr. Levitz when he was a graduate student in the early 2010s. The technique uses small molecules that are tethered to mGluR2 and can activate the receptor -- in any brain circuit of interest -- when "switched on" by specific colors of light. The team found that in one of the BLA circuits, which runs from a brain region called the ventromedial prefrontal cortex, activating mGluR2 signaling reduced spatial avoidance, a classic anxiety sign in mice. However, this anxiety-reducing effect was accompanied by memory impairment, an unwanted side effect.




"This working memory deficit we observed may be a basis for the cognitive impairment associated with typical anxiety drugs," Dr. Levitz said.

In the other circuit, which runs to the BLA from a sensory and interoception (internal body-sensing)-integrating part of the brain called the insula, activating mGluR2 had different anxiety-reducing effects, normalizing sociability and feeding behavior. In this case, there were no apparent cognitive impairments -- indicating that this insula-BLA circuit could be investigated further as a possible side-effect-free target for treating anxiety and related conditions.

"One of the next steps will be to find a way to target this circuit selectively -- in other words, not via mGluR2, because mGluR2 is everywhere," Dr. Levitz said.

He and his colleagues are now pursuing that goal, he said, and are also using their new circuit-mapping toolkit to investigate other drug classes, including opioids and antidepressants.
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Moon is not as 'geologically dead' as previously thought | ScienceDaily
Scientists have studied the moon's surface for decades to help piece together its complex geological and evolutionary history. Evidence from the lunar maria (dark, flat areas on the moon filled with solidified lava) suggested that the moon experienced significant compression in its distant past. Researchers suspected that large, arching ridges on the moon's near side were formed by contractions that occurred billions of years ago -- concluding that the moon's maria has remained dormant ever since.


						
However, a new study reveals that what lies beneath the lunar surface may be more dynamic than previously believed. Two Smithsonian Institution scientists and a University of Maryland geologist discovered that small ridges located on the moon's far side were notably younger than previously studied ridges on the near side. Their findings were published in The Planetary Science Journal on January 21, 2025.

"Many scientists believe that most of the moon's geological movements happened two and a half, maybe three billion years ago," said Jaclyn Clark, an assistant research scientist in UMD's Department of Geology. "But we're seeing that these tectonic landforms have been recently active in the last billion years and may still be active today. These small mare ridges seem to have formed within the last 200 million years or so, which is relatively recent considering the moon's timescale."

Using advanced mapping and modeling techniques, the team found 266 previously unknown small ridges on the moon's far side. The ridges typically appeared in groups of 10 to 40 in volcanic regions that likely formed 3.2 to 3.6 billion years ago in narrow areas where there may be underlying weaknesses in the moon's surface, according to the researchers. To estimate the age of these small ridges, the researchers used a technique called crater counting. They found that the ridges were notably younger than other features in their surroundings.

"Essentially, the more craters a surface has, the older it is; the surface has more time to accumulate more craters," Clark explained. "After counting the craters around these small ridges and seeing that some of the ridges cut through existing impact craters, we believe these landforms were tectonically active in the last 160 million years."

Interestingly, Clark noted that the far-side ridges were similar in structure to ones found on the moon's near side, which suggests that both were created by the same forces, likely a combination of the moon's gradual shrinking and shifts in the lunar orbit. The Apollo missions detected shallow moonquakes decades ago; the new findings suggest that these small ridges might be related to similar seismic activity. Learning more about the evolution of the lunar surface could have important implications for the logistics of future moon missions.

"We hope that future missions to the moon will include tools like ground penetrating radar so researchers can better understand the structures beneath the lunar surface," Clark said. "Knowing that the moon is still geologically dynamic has very real implications for where we're planning to put our astronauts, equipment and infrastructure on the moon."
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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Relative of deadly Hendra virus found in the US | ScienceDaily
Researchers at the University of Queensland have identified the first henipavirus in North America.


						
Dr Rhys Parry from the School of Chemistry and Molecular Biosciences said Camp Hill virus was confirmed in shrews in the US state of Alabama.

"Henipaviruses have caused serious disease and death in people and animals in other regions," Dr Parry said

"One of the most dangerous is the Hendra virus, which was first detected in Brisbane, Australia and has a fatality rate of 70 per cent.

"Another example is Nipah virus which has recorded fatality rates between 40 and 75 per cent in outbreaks in Southeast Asia, including in Malaysia and Bangladesh.

"The discovery of a henipavirus in North America is highly significant, as it suggests these viruses may be more globally distributed than previously thought."

Camp Hill virus was found in northern short-tailed shrews, a small mammal with wide distribution across Canada and the US.




Dr Parry said more research was needed to understand if it was a threat to people.

"The closest known henipavirus to Camp Hill virus that has caused disease in humans is Langya virus, which crossed from shrews to humans in China," Dr Parry said.

"This indicates that shrew-to-human transmission can occur."

Co-author Dr Ariel Isaacs said developing vaccines for the virus family was a focus for UQ researchers.

"The next step for this work is to characterise key surface proteins on the virus that are involved in cell entry to broaden our understanding of the virus family and identify better ways to protect against it," Dr Isaacs said.

The research was completed with help from UQ's Dr Naphak Modhiran and Professor Daniel Watterson, along with members of the Professor Wendy R. Hood lab at Auburn University and members of the Professor Vera Gorbunova and Professor Andrei Seluanov Laboratory at the University of Rochester.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128221127.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

      All Top News

      Top science stories featured on ScienceDaily's home page.


      
        New atom-based thermometer measures temperature more accurately
        Scientists have developed a new method for measuring temperature extremely accurately by using giant 'Rydberg' atoms. This atomic thermometer provides accurate measurements 'out of the box,' without needing initial factory adjustments, because it relies on the basic principles of quantum physics. By using Rydberg atoms' sensitivity to environmental changes, this technique could simplify temperature sensing in extreme environments, from space to high-precision industries.

      

      
        Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties
        Scientists have discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair. After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair 'sebum' (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it v...

      

      
        A less 'clumpy,' more complex universe?
        New research has combined cosmological data from two major surveys of the universe's evolutionary history and found hints that it may be less clumpy at certain points than previously thought. Their findings suggest that the universe may have become more complex with advancing age.

      

      
        Scientists 'mimic real biological processes' using synthetic neurons
        A new collaboration has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons.

      

      
        New acoustic wave phenomenon discovered
        This novel finding regarding the nonreciprocal diffraction of acoustic waves could open doors for next-generation communication devices.

      

      
        The hidden power of the smallest microquasars
        Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.

      

      
        Blood-powered toes give salamanders an arboreal edge
        Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery. A new study reveals the answer may have a lot to do with a surprising mechanism: blood-powered toes.

      

      
        Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon
        A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.

      

      
        Life's building blocks in Asteroid Bennu samples
        Scientists detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.

      

      
        Exploring mysteries of Asteroid Bennu
        Scientists found that asteroid Bennu contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago.

      

      
        Moon is not as 'geologically dead' as previously thought
        Scientists developed advanced dating methods to track geological changes on the far side of the moon and found evidence of relatively recent activity.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        Relative of deadly Hendra virus found in the US
        Researchers have identified the first henipavirus in North America.

      

      
        Moderate exercise keeps appetite at bay
        A recent study has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.

      

      
        A new register with thousands of entangled nuclei to scale quantum networks
        In a groundbreaking achievement for quantum technologies, researchers have created a functional quantum register using the atoms inside a semiconductor quantum dot.

      

      
        New clues to the mechanism behind food tolerance and allergies
        Study reveals how immune cells in the gut distinguish between food and harmful pathogens, shedding light on the origins of both food allergies and intestinal diseases.

      

      
        Follow the water: Searching for a lunar oasis
        As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Researchers may help bring science fiction to reality by providing a divining rod to guide future space missions.

      

      
        Ocean-surface warming four times faster now than late-1980s
        The study helps explain why 2023 and early 2024 saw unprecedented ocean temperatures.

      

      
        Towards a new generation of human-inspired language models
        Can a computer learn a language the way a child does? A recent study sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.

      

      
        A super-Earth laboratory for searching life elsewhere in the Universe
        Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable z...

      

      
        Innovative one-minute video game boasts 80% success rate in diagnosing autism
        A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.

      

      
        How simple prompts can make partially automated cars safer
        A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.

      

      
        A mite-y use of electricity
        Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity. These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers are now closer to answering these questions.

      

      
        First mouse with two male parents to reach adulthood
        A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.

      

      
        Explaining persistent hydrogen in Mars' atmosphere
        The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, researchers think they have a good explanation for a warmer, wetter ancient Mars. Building on prior theories describing the Mars of yore as a hot again, cold again place, a team has determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

      

      
        Archaeologists find 'lost' site depicted in the Bayeux Tapestry
        Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry. By reinterpreting previous excavations and conducting new surveys, the team believe they have located a power center belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

      

      
        'Embodied energy' powers modular worm, jellyfish robots
        In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent research in battery development and design.

      

      
        Cancer risk established before birth
        A person's lifetime risk for cancer may begin before they are even born, reports a paradigm-shifting study. The findings identified two distinct epigenetic states that arise during development and are linked to cancer risk. One of these states is associated with a lower lifetime risk while the other is associated with a higher lifetime risk.

      

      
        Hear ye! Hear ye! Researchers uncover new complexities in human hearing
        Physicists have discovered a sophisticated, previously unknown set of 'modes' within the human ear that put important constraints on how the ear amplifies faint sounds, tolerates noisy blasts, and discerns a stunning range of sound frequencies in between. By applying existing mathematical models to a generic mock-up of a cochlea -- a spiral-shaped organ in the inner ear -- the researchers revealed a new layer of cochlear complexity. The findings offer fresh insight into the remarkable capacity an...

      

      
        Dwarf planet Ceres: Building blocks of life delivered from space
        The dwarf planet is a bizarre, cryovolcanic world. However, the organic deposits discovered on its surface so far are unlikely to originate from its interior. The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them.

      

      
        Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario
        An interdisciplinary team of researchers has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 meters by 2100. The high end of this projection's range is 90 centimeters higher than the latest United Nations' global projection of 0.6 to 1.0 meters.

      

      
        Researchers discover new way to store hydrogen using lignin jet fuel
        An international team of scientists has discovered a way to store and release volatile hydrogen using lignin-based jet fuel that could open new pathways for sustainable energy production. In a new study scientists demonstrated that a type of lignin-based jet fuel they developed can chemically bind hydrogen in a stable liquid form. The research has many potential applications in fuels and transportation and could ultimately make it easier to harness hydrogen's potential as a high energy and zero e...

      

      
        New weapon against harmful algal blooms
        Effective management of phosphorus is needed to curb the rise of harmful algal blooms. Few studies have explored how algal biomass, especially blue-green algae, can be used to create materials that remove phosphate from water. Researchers have filled that gap by transforming cyanobacterial biomass into materials that can pull harmful phosphorus out of water. Materials treated in the study removed more than 99% of phosphorus. With further refinement and scalability, this method could become a key ...

      

      
        How Titan maintains its atmosphere
        Scientists have performed laboratory experiments to better understand how Saturn's moon Titan can maintain its unique nitrogen-rich atmosphere. Titan is the second largest moon in our solar system and the only one that has a significant atmosphere.

      

      
        Vacations are good for employee well-being, and the effects are long lasting
        If you're like many Americans, you probably didn't take all your vacation time this year. Even if you did, it's highly likely you didn't fully unplug while off the clock. But you might want to change that if you want to improve your health and well-being, according to a new review article.

      

      
        Strong as steel, light as foam: High-performance, nano-architected materials
        Researchers have used machine learning to design nano-architected materials that have the strength of carbon steel but the lightness of Styrofoam. The team describes how they made nanomaterials with properties that offer a conflicting combination of exceptional strength, light weight and customizability. The approach could benefit a wide range of industries, from automotive to aerospace.

      

      
        Study points to South America -- not Mexico -- as birthplace of Irish potato famine pathogen
        Researchers firmly point the finger at the South American Andes Mountains as the place where the Irish potato famine pathogen, Phtytophthora infestans, originated.

      

      
        Myth busted: Healthy habits take longer than 21 days to set in
        We're nearly one month into 2025, but if you're struggling to hold onto your New Year's resolution, stay strong, as new research shows that forming a healthy habit can take longer than you expect. Researchers found that new habits can begin forming within about two months (median of 59-66 days) but can take up to 335 days to establish.

      

      
        New evidence pushes back arrival of early hominins in Europe
        Research reveals new evidence of early hominin activity in Europe, suggesting that hominins were present on the continent far earlier than previously thought.

      

      
        Progress and challenges in brain implants
        A scientific team looks at the progress and challenges in the research and development of brain implants. New achievements in the field of this technology are seen as a source of hope for many patients with neurological disorders and have been making headlines recently. As neural implants have an effect not only on a physical but also on a psychological level, researchers are calling for particular ethical and scientific care when conducting clinical trials.

      

      
        Finding better photovoltaic materials faster with AI
        Perovskite solar cells are a flexible and sustainable alternative to conventional silicon-based solar cells. Researchers were able to find -- within only a few weeks -- new organic molecules that increase the efficiency of perovskite solar cells. The team used a clever combination of artificial intelligence (AI) and automated high-throughput synthesis. Their strategy can also be applied to other areas of materials research, such as the search for new battery materials.

      

      
        Boosting this molecule could help retain muscle while losing fat
        With the recent surge in popularity of weight loss drugs like Ozempic, altogether called GLP-1s, there has been renewed scientific interest in understanding how our bodies regulate muscle growth. Scientists have linked the protein BCL6 to the maintenance of muscle mass and further suggested that BCL6-boosting therapeutics could help GLP-1 users retain muscle while losing fat. Similar therapies could also be used to treat other populations prone to muscle loss, such as older adults and patients wi...

      

      
        'Buzz me in:' Bees wearing itty bitty QR codes reveal hive secrets
        Several hundred bees in rural Pennsylvania and rural New York are sporting tiny QR codes on their backs to track when they go in and out of their hives. The work, a collaboration among entomologists and electrical engineers, is the first step in solving a long-standing mystery of how far bees travel from their hives to collect pollen and nectar.

      

      
        New tool enables phylogenomic analyses of entire genomes
        Electrical engineers have developed a better way to perform the comparative analysis of entire genomes. This approach can be used to study relationships between different species across geological time scales. This new approach is poised to unlock discoveries regarding how evolution has shaped present-day genomes and also how the tree of life is organized.

      

      
        Uncovering the role of Y chromosome genes in male fertility in mice
        Researchers have uncovered which genes on the Y chromosome regulate the development of sperm and impact fertility in male mice. This research could help us understand why some men don't produce enough sperm and are infertile.

      

      
        Super enzyme that regulates testosterone levels in males discovered in 'crazy' bird species
        A single gene that regulates testosterone levels in a 'crazy' species of shore bird controls the development of three wildly different types of males, a new study has found. Ruffs have long fascinated scientists for their three types of males, known as morphs, that differ radically from each other in appearance and mating behaviors. A new study has shown that these morphs are produced by a super enzyme (HSD17B2) in the blood of the birds that's able to regulate testosterone levels in males and ra...

      

      
        Bacteria found to eat forever chemicals -- and even some of their toxic byproducts
        A team has identified a strain of bacteria that can break down and transform at least three types of PFAS, and, perhaps even more crucially, some of the toxic byproducts of the bond-breaking process.
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New atom-based thermometer measures temperature more accurately | ScienceDaily
Scientists at the National Institute of Standards and Technology (NIST) have created a new thermometer using atoms boosted to such high energy levels that they are a thousand times larger than normal. By monitoring how these giant "Rydberg" atoms interact with heat in their environment, researchers can measure temperature with remarkable accuracy. The thermometer's sensitivity could improve temperature measurements in fields ranging from quantum research to industrial manufacturing.


						
Unlike traditional thermometers, a Rydberg thermometer doesn't need to be first adjusted or calibrated at the factory because it relies inherently on the basic principles of quantum physics. These fundamental quantum principles yield precise measurements that are also directly traceable to international standards.

"We're essentially creating a thermometer that can provide accurate temperature readings without the usual calibrations that current thermometers require," said NIST postdoctoral researcher Noah Schlossberger.

Revolutionizing Temperature Measurement

The research, published in Physical Review Research, is the first successful temperature measurement using Rydberg atoms. To create this thermometer, researchers filled a vacuum chamber with a gas of rubidium atoms and used lasers and magnetic fields to trap and cool them to nearly absolute zero, around 0.5 millikelvin (thousandths of a degree). This means the atoms were essentially not moving. Using lasers, they then boosted the atoms' outermost electrons to very high orbits, making the atoms approximately 1,000 times larger than ordinary rubidium atoms.

In Rydberg atoms, the outermost electron is far away from the core of the atom, making it more responsive to electric fields and other influences. This includes blackbody radiation, the heat emitted by surrounding objects. Blackbody radiation can cause electrons in Rydberg atoms to jump to even higher orbits. Rising temperatures increase the amount of ambient blackbody radiation and the rate of this process. Thus, researchers can measure temperature by tracking these energy jumps over time.

This approach enabled the detection of even the most minor temperature changes. While there are other types of quantum thermometers, Rydberg thermometers can measure the temperature of their environment from about 0 to 100 degrees Celsius without needing to touch the object being measured.




This breakthrough not only paves the way for a new class of thermometers but is particularly significant for atomic clocks, because blackbody radiation can reduce their accuracy.

"Atomic clocks are exceptionally sensitive to temperature changes, which can cause small errors in their measurements," said NIST research scientist Chris Holloway. "We're hopeful this new technology could help make our atomic clocks even more accurate."

Beyond precision science, the new thermometer could have wide-ranging applications in challenging environments from spacecraft to advanced manufacturing plants, where sensitive temperature readings are essential.

With this development, NIST continues to push the boundaries of science and technology.

"This method opens a door to a world where temperature measurements are as reliable as the fundamental constants of nature," Holloway added. "It's an exciting step forward for quantum sensing technology."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129194600.htm
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Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties | ScienceDaily
An international team of scientists has discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair.


						
After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair "sebum" (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it very hard for ice to attach to their fur.

While this finding sheds fascinating new light on our understanding of polar bear -- and even Inuit -- ecology, it may also have a suite of unrelated applications, with a similar concoction of artificially made sebum promising to be useful as an anti-ice surface coating, or in next-gen ski skins used by skiers and snowboarders.

Julian Carolan, PhD Candidate from Trinity College Dublin's School of Chemistry and the AMBER Research Ireland Centre, is the first author of the journal article, which has been published today as the cover story in leading international journal Science Advances.

He said: "We measured ice adhesion strength, which is a useful measure of how well ice sticks to fur; hydrophobicity, which dictates whether water can be shed before it freezes; and freezing delay time, which simply shows how long it takes for a drop of water to freeze at certain temperatures on a given surface. We then compared the performance of the polar bear hair with that of human hair and two types of specialist human-made 'ski skins'.

"The sebum quickly jumped out as being the key component giving this anti-icing effect as we discovered the adhesion strength was greatly impacted when the hair was washed. Unwashed, greasy hair made it much harder for ice to stick. In contrast when the polar bear hair was washed and the grease largely removed it performed similarly to human hair, to which ice sticks easily whether it is washed or greasy."

That finding led the team to perform a detailed chemical analysis of polar bear sebum. As well as identifying the key components (cholesterol, diacylglycerols, and fatty acids), they were surprised to find "squalene" was absent. This fatty metabolite is present in human hair, and in the hair of other aquatic animals, like sea otters, which suggests its absence in polar bear hair is very important from an anti-icing perspective.




Dr Richard Hobbs, Assistant Professor and Royal Society-Science Foundation Ireland University Research Fellow in Trinity's School of Chemistry and the AMBER Research Ireland Centre, is a senior author of the journal article. He added: "Animals living in polar habitats have emerged as a source of inspiration for the development of new anti-icing materials.

"For example, Anne Kietzig's group at McGill recently found that the hierarchical structure of Gentoo penguin feathers afforded them anti-icing properties that relied on the feather structure rather than the preen oil coating. Our work shows that polar bear fur provides an alternative strategy to produce an anti-icing surface based on the characteristic blend of lipids present in their fur sebum or hair grease.

"This work not only represents the first study of the composition of polar bear fur sebum, but it also resolves the question of why polar bears don't suffer from ice accumulation. Despite having thick layers of insulating blubber and fur, and spending extensive periods in water at sub-zero temperatures, it seems that the fur grease provides a natural route for polar bears to easily shed ice when it forms due to the low ice adhesion on their fur.

"We expect that these natural lipid coatings produced by the bear will help us to develop new more sustainable anti-icing coatings that may replace problematic 'forever chemicals' like PFAS that have been used as anti-icing coatings."

In addition to the structural explanations, these interesting discoveries also help us better understand hunting behaviours -- both of polar bears and of native Inuit populations.

Prof. Bodil Holst, University of Bergen, is a senior author of the journal article. She added: "One of the polar bears' main hunting strategies is 'still hunting', where they lay motionless beside a breathing hole on sea ice waiting for seals to surface. Still hunting frequently develops into an 'aquatic stalk' with the polar bear using its hind paws to slide into the water to pursue its prey, and the lower the ice adhesion, the less noise generated and the faster and quieter the slide.

"Our findings also help us understand the subtlety of the steps taken by Inuit people to optimise hunting strategies to mimic the polar bear method of still hunting. Inuit hunting stools are sometimes shod with polar bear fur on the feet to avoid noise when moving on the ice, while people also sometimes wear 'polar bear trousers', ensuring the entire contact area with the ice is covered in low ice-adhesion polar bear fur for optimal noise reduction."

Notably, the traditional Inuit preparation method protects the sebum on the fur by ensuring the hair-covered side of the skin is not washed. This is unlike, for example, a fox skin, which would traditionally be cleaned by rubbing the hair side with soapstone or dry clay.
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A less 'clumpy,' more complex universe? | ScienceDaily
Across cosmic history, powerful forces have acted on matter, reshaping the universe into an increasingly complex web of structures.


						
Now, new research led by Joshua Kim and Mathew Madhavacheril at the University of Pennsylvania and their collaborators at Lawrence Berkeley National Laboratory suggests our universe has become "messier and more complicated" over the roughly 13.8 billion years it's been around, or rather, the distribution of matter over the years is less "clumpy" than expected.

"Our work cross-correlated two types of datasets from complementary, but very distinct, surveys," says Madhavacheril, "and what we found was that for the most part, the story of structure formation is remarkably consistent with the predictions from Einstein's gravity. We did see a hint for a small discrepancy in the amount of expected clumpiness in recent epochs, around four billion years ago, which could be interesting to pursue."

The data, published in the Journal of Cosmology and Astroparticle Physics and the preprint server arXiv, comes from the Atacama Cosmology Telescope's (ACT) final data release (DR6) and the Dark Energy Spectroscopic Instrument's (DESI) Year 1. Madhavacheril says that pairing this data allowed the team to layer cosmic time in a way that resembles stacking transparencies of ancient cosmic photographs over recent ones, giving a multidimensional perspective of the cosmos.

"ACT, covering approximately 23% of the sky, paints a picture of the universe's infancy by using a distant, faint light that's been travelling since the Big Bang," says first author of the paper Joshua Kim, a graduate researcher in the Madhavacheril Group. "Formally, this light is called the Cosmic Microwave Background (CMB), but we sometimes just call it the universe's baby picture because it's a snapshot of when it was around 380,000 years old."

The path of this ancient light throughout evolutionary time, or as the universe has aged, has not been a straight one, Kim explains. Gravitational forces from large, dense, heavy structures like galaxy clusters in the cosmos have been warping the CMB, sort of like how an image is distorted as it travels through a pair of spectacles. This "gravitational lensing effect," which was first predicted by Einstein more than 100 years ago, is how cosmologists make inferences about its properties like matter distribution and age.

DESI's data, on the other hand, provides a more recent record of the cosmos. Based in the Kitt Peak National Observatory in Arizona and operated by the Lawrence Berkeley National Laboratory, DESI is mapping the universe's three-dimensional structure by studying the distribution of millions of galaxies, particularly luminous red galaxies (LRGs). These galaxies act as cosmic landmarks, making it possible for scientists to trace how matter has spread out over billions of years.




"The LRGs from DESI are like a more recent picture of the universe, showing us how galaxies are distributed at varying distances," Kim says, likening the data to the universe's high school yearbook photo. "It's a powerful way to see how structures have evolved from the CMB map to where galaxies stand today.

By combining the lensing maps from ACT's CMB data with DESI's LRGs, the team created an unprecedented overlap between ancient and recent cosmic history, enabling them to compare early- and late-universe measurements directly. "This process is like a cosmic CT scan," says Madhavacheril, "where we can look through different slices of cosmic history and track how matter clumped together at different epochs. It gives us a direct look into how the gravitational influence of matter changed over billions of years."

In doing so they noticed a small discrepancy: the clumpiness, or density fluctuations, expected at later epochs didn't quite match predictions. Sigma 8 (s8), a metric that measures the amplitude of matter density fluctuations, is a key factor, Kim says, and lower values of s8 indicate less clumping than expected, which could mean that cosmic structures haven't evolved according to the predictions from early-universe models and suggest that the universe's structural growth may have slowed in ways current models don't fully explain.

This slight disagreement with expectations, he explains, "isn't strong enough to suggest new physics conclusively -- it's still possible that this deviation is purely by chance."

If indeed the deviation is not by chance, some unaccounted-for physics could be at play, moderating how structures form and evolve over cosmic time. One hypothesis is that dark energy -- the mysterious force thought to drive the universe's accelerating expansion -- could be influencing cosmic structure formation more than previously understood.

Moving forward, the team will work with more powerful telescopes, like the upcoming Simons Observatory, which will refine these measurements with higher precision, enabling a clearer view of cosmic structures.
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Scientists 'mimic real biological processes' using synthetic neurons | ScienceDaily
Artificially engineered biological processes, such as perception systems, remain an elusive target for organic electronics experts due to the reliance of human senses on an adaptive network of sensory neurons, which communicate by firing in response to environmental stimuli.


						
A new collaboration between Northwestern University and Georgia Tech has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons. They also built a complete perception system by designing other organic materials and integrating their engineered neurons with artificial touch receptors and synapses, which enabled real-time tactile signal sensing and processing.

The research, described in a paper published this month in the journal Proceedings of the National Academy of Sciences (PNAS), could move the needle on intelligent robots and other systems currently stymied by sensing systems that are less powerful than those of a human.

"The study highlights significant progress in organic electronics and their application in bridging the gap between biology and technology," said first author Yao Yao, a Northwestern engineering professor. "We created an efficient artificial neuron with reduced footprint and outstanding neuronal characteristics. Leveraging this capability, we developed a complete tactile neuromorphic perception system to mimic real biological processes."

According to corresponding author Tobin J. Marks, Northwestern's Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, existing artificial neural circuits tend to fire within a narrow frequency range.

"The synthetic neuron in this study achieves unprecedented performance in firing frequency modulation, offering a range 50 times broader than existing organic electrochemical neural circuits," Marks said. "In contrast, our device's outstanding neuronal characteristics establish it as an advanced achievement in organic electrochemical neurons."

Marks is a world leader in the fields of organometallic chemistry, chemical catalysis, materials science, organic electronics, photovoltaics and nanotechnology. He is also a professor of Materials Science and Engineering and Professor of Chemical and Biological Engineering in Northwestern's McCormick School of Engineering and as Professor of Applied Physics. His co-corresponding author Antonio Facchetti, a professor at Georgia Tech's School of Materials Science and Engineering, also serves as an adjunct professor of chemistry at Northwestern.




"This study presents the first complete neuromorphic tactile perception system based on artificial neurons, which integrates artificial tactile receptors and artificial synapses," said Facchetti. "It demonstrates the ability to encode tactile stimuli into spiking neuronal signals in real time and further translate them into post-synaptic responses."

The team spanned departments and schools, with researchers who specialized in organic synthesis creating advanced materials that electronic device researchers then incorporated into circuit design and fabrication, and system integration.

With the human brain's immense network of 86 billion neurons poised to fire, sensing systems remain difficult to recreate. Scientists are limited by both the footprint of the design and by the amount they can create. In future models, the team hopes to further reduce the device's size, taking the project a step closer to fully mimicking human sensing systems.

This work was supported by the Air Force Office of Scientific Research (FA9550-22-1-0423), the Northwestern University Materials Research Science and Engineering Center (MRSEC; award from National Science Foundation DMR-230869), Flexterra Corporation, the National Science Fund for Distinguished Young Scholars of China (No. 32425040) and the National Natural Science Foundation of China (Grant No. 32201648).
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New acoustic wave phenomenon discovered | ScienceDaily
A unique propagation phenomenon of acoustic waves has been discovered, paving the way for developing advanced communication technologies using acoustic devices. The research was led by the Institute for Materials Research at Tohoku University, in collaboration with the Japan Atomic Energy Agency and the RIKEN Center for Emergent Matter Science.


						
Surface acoustic waves (SAWs) -- elastic vibrations that travel along the surface of materials like ripples on a pond -- play a crucial role in modern communication technologies. These are key components in frequency filters used in everyday devices such as mobile phones. These devices convert electrical signals into vibrations, or "ripples," through the piezoelectric effect, enabling efficient signal processing. Therefore, a deeper understanding of SAW behaviour is essential for advancing future technologies.

In the experiment, the team used advanced nanofabrication techniques to create a periodic array of nanoscale magnetic materials. The magnetic nanoscale array can be thought of as a specialized grating that the waves go through. To their surprise, instead of the typical symmetric diffraction pattern, the research team observed a completely novel, asymmetrical diffraction phenomenon of SAWs called "nonreciprocal diffraction."

"This phenomenon has previously been observed only in optics," remarks Yoichi Nii, "so we are very excited to confirm that it extends beyond optics to other wave phenomena."

Through theoretical analysis, the research team identified this asymmetrical behavior as arising from the unique interaction between SAWs and magnetic materials, specifically related to their angular momenta.

This finding may enable precise control of SAW propagation paths using magnetic fields, leading to the development of innovative acoustic devices that advance both classical and quantum communication technologies. Uncovering new properties of SAWs is essential for developing next-generation communication systems and devices.

The study was published in Physical Review Letters on January 14, 2025.
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The hidden power of the smallest microquasars | ScienceDaily
Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.


						
Our home planet is bombarded with particles from outer space all the time. And while we are mostly familiar with the rocky meteorites originating from within our solar system that create fascinating shooting stars in the night sky, it's the smallest particles that help scientists to understand the nature of the universe. Subatomic particles such as electrons or protons arriving from interstellar space and beyond are one of the fastest particles known in the universe and known as cosmic rays.

The origins and the acceleration mechanisms of the most energetic of these cosmic particles remains one of the biggest mysteries in astrophysics. Fast-moving matter outflows (or "jets") launched from black holes would be an ideal site for particle acceleration, but the details on how and under which conditions acceleration processes can occur are unclear. The most powerful jets inside our Galaxy occur in microquasars: systems composed by a stellar-mass black hole and a "normal" star. The pair orbit each other, and, once they are close enough, the black hole starts to slowly swallow its companion. As a consequence of this, jets are launched from the region close to the black hole.

In the past couple of years there has been growing evidence that microquasar jets are efficient particle accelerators. It is however unclear how much they contribute, as a group, to the total amount of cosmic rays in the Galaxy. The answer to this question requires understanding if all microquasars are able to accelerate particles or only a lucky few.

Microquasars are usually classified depending on the mass of the star in the system into either "low-mass" or "high-mass" systems, with lower-mass systems being much more abundant. However, up until now evidence of particle acceleration was only found for the high-mass systems. For example, the microquasar SS 433, which was recently revealed to be one of the most powerful particle accelerators in the Galaxy, contains a star with mass approximately ten times that of the Sun. Consequently, it was generally believed that low-mass microquasars were not powerful enough to produce gamma-rays. Dr. Laura Olivera-Nieto from the Max-Planck-Institut fur Kernphysik in Heidelberg, Germany (MPIK) and Dr. Guillem Marti-Devesa from the Universita di Trieste, Italy have now made a discovery that shakes this paradigm. They used 16 years of data from the Large Area Telescope detector onboard NASA's satellite Fermi to reveal a faint gamma-ray signal consistent with the position of GRS 1915+105, a microquasar with a star smaller than the Sun. The gamma-ray signal is measured to have energies higher than 10 GeV, indicating that the system could accelerate particles to even higher energies.

The observations favor a scenario in which protons are accelerated in the jets, after which they escape and interact with nearby gas to produce gamma-ray photons. In the paper, published in the Astrophysical Journal Letters, they also use data from the Nobeyama 45-meter radio telescope in Japan, which indicates that there is enough gas material around the source for this scenario.

This result shows that even microquasars hosting a low-mass star are capable of particle acceleration. Because this is the most numerous class, this finding has significant implications for the estimated contribution of microquasars as a group to the cosmic ray content of our Galaxy. However, more detections and multi-wavelength studies will be required in order to further narrow down why some systems accelerate particles efficiently but not all.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129121348.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Blood-powered toes give salamanders an arboreal edge | ScienceDaily
Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery.


						
A new study in the Journal of Morphologyreveals the answer may have a lot to do with a surprising mechanism: blood-powered toes. The Washington State University-led research team discovered that wandering salamanders (Aneides vagrans) can rapidly fill, trap, and drain the blood in their toe tips to optimize attachment, detachment and general locomotion through their arboreal environment.

The research not only uncovers a previously unknown physiological mechanism in salamanders but also has implications for bioinspired designed. Insights into salamander toe mechanics could ultimately inform the development of adhesives, prosthetics, and even robotic appendages.

"Gecko-inspired adhesives already allow surfaces to be reused without losing stickiness," said Christian Brown, lead author of the study and an integrative physiology and neuroscience postdoctoral researcher at WSU. "Understanding salamander toes could lead to similar breakthroughs in attachment technologies."

Discovery sparked by a documentary shoot

Salamanders of the Aneides genus have long puzzled scientists with their square-shaped toe tips and bright red blood "lakes" that can be seen just beneath their translucent skin. Historically, these features were thought to aid oxygenation, but no evidence supported that claim.

Brown's interest in the topic traces back to an unexpected observation during the filming of the documentary, "The Americas," which airs on Feb. 23 on NBC and Peacock. While assisting on set as the resident salamander expert, Brown had the opportunity to observe through the production team's high-powered camera lenses how the amphibians move around.




He noticed something strange. Blood was rushing into the small creatures' translucent toe tips moments before they took a step. Brown and camera assistant William Goldenberg repeatedly observed the phenomenon. "We looked at each other like, 'Did you see that?'" Brown said.

Though the producers moved on, Brown's curiosity didn't. After the shoot, he reached out to Goldenberg and asked if he was interested in using his film equipment to investigate what they had observed in a scientific and repeatable way.

Through high-resolution video trials and corroborating analysis in WSU's Franceschi Microscopy & Imaging Center, Brown, Goldenberg and colleagues at WSU and Gonzaga University uncovered that wandering salamanders can finely control and regulate blood flow to each side of their toe tips.

This allows them to adjust pressure asymmetrically, improving grip on irregular surfaces like tree bark. Surprisingly, the blood rushing in before "toe off" appears to help salamanders detach rather than attach. By slightly inflating the toe tip, the salamanders reduce the surface area in contact with the surface they are on, minimizing the energy required to let go. This dexterity is crucial for navigating the uneven and slippery surfaces of the redwood canopy -- and for sticking safe landings when parachuting between branches.

"If you're climbing a redwood and have 18 toes gripping bark, being able to detach efficiently without damaging your toe tips makes a huge difference," Brown said.

The implications of the research could extend beyond Aneides vagrans. Similar vascularized structures are found in other salamander species, including aquatic ones, suggesting a universal mechanism for toe stiffness regulation that may serve different purposes depending on the salamander's environment. Moving forward, Brown and colleagues plan to expand the research to look at how the mechanism works in other salamander species and habitats.

"This could redefine our understanding of how salamanders move across diverse habitats," Brown said.
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Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon | ScienceDaily
A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery by a team of researchers from the Institute of Environmental Science and Technology (ICTA-UAB) and the Department of Prehistory at the Universitat Autonoma de Barcelona, (Spain); the Universities of Exeter, Nottingham, Oxford, Reading and Southampton (UK); the University of Sao Paulo (Brazil) and Bolivian collaborators. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.


						
The study, published today in the journal Nature, describes how the pre-Hispanic Casarabe society of the Llanos de Moxos in Bolivia designed and implemented an innovative landscape engineering system, including the construction of extensive drainage canals and farm ponds. This advancement allowed the transformation of flooded tropical savannahs into highly productive fields, thereby driving the development of the "Neolithic Revolution" in the Amazon, understood as the process towards an economy based on grain production.

This region, inhabited by the Casarabe people between 500 and 1400 A.D., is a tropical lowland savannah marked by intense rainy seasons and flooding, as well as very dry seasons. The discovery, led by Umberto Lombardo, an environmental archaeologist at the UAB, has identified a unique agricultural infrastructure previously undocumented anywhere else in the world.. This system enabled them to drain excess water from flooded fields during the rainy season, facilitating agricultural productivity. In addition to the drainage canals, the Casarabe people constructed clusters of farm ponds that served as water reservoirs. These ponds enabled pot-irrigation, allowing maize cultivation to continue throughout the dry season.

This dual water management system enabled at least two harvests of maize per year, ensuring a stable food supply year-round, which was essential for sustaining a relatively large population. "This intensive agricultural strategy indicates that maize was not only cultivated but was likely the staple crop of the Casarabe culture," explains Lombardo.

This agricultural model did not rely on traditional slash-and-burn techniques used to create fertile fields. Instead, the Casarabe people preserved nearby forests for other purposes, such as obtaining firewood and medicinal plants, while implementing practices that maximized the efficient use of water and soil in the seasonally flooded savannas.

These conclusions were made possible through meticulous fieldwork combining techniques such as microbotanical analysis, remote sensing, and environmental archaeology. The analysis of 178 phytolith (plant microfossils) and pollen samples from a farm pond confirmed the presence of maize in the fields and the crucial role of maize monoculture in the diet of this pre-Columbian society. "The data shows the absence of other types of crops," Lombardo adds.

"We can document that this is the first grain-based agrarian economy in the Amazon, where until now it was believed that agriculture was based on agroforestry polyculture and not on large-scale monocultures. Now we know that this was not the case in Llanos de Moxos," says Lombardo, who asserts that this innovative piece of engineering allowed for the transformation of a challenging environment into a productive system that ensured food stability and supported the development of a growing population.

The research not only sheds light on the technological capabilities of pre-Columbian civilizations but also offers valuable lessons for modern agricultural sustainability. This discovery is a testament to the ingenuity and adaptability of the Casarabe people, who thrived due to their ability to design long-term sustainable agricultural solutions in an adverse environment.
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Life's building blocks in Asteroid Bennu samples | ScienceDaily
Japanese collaborators detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.


						
Asteroids, small airless bodies within the inner Solar System, are theorized to have contributed water and chemical building blocks of life to Earth billions of years ago. Although meteorites on Earth come from asteroids, the combination of exposure to moisture in the atmosphere and to an uncontrolled biosphere means that interpreting the data from them is challenging. Pristine samples collected from asteroids in space would be the ideal candidates, and successful sample collection missions have only been achieved by two countries: Japan (Hayabusa and Hayabusa2) and the United States (OSIRIS-REx).

NASA's OSIRIS-REx mission returned 121.6 grams of sample from asteroid (101955) Bennu in September 2023 -- the largest sample ever returned to Earth. Now, an international team of OSIRIS-REx sample analysis team scientists, led by Dr. Daniel Glavin and Dr. Jason Dworkin at the NASA Goddard Space Flight Center, has reported the discovery of ammonia and nitrogen-rich soluble organic matter in these samples. The findings were published in the journal Nature Astronomy. Among the findings, the Japanese contributors detected all five nitrogenous bases, molecules required for building DNA and RNA, supporting the theory that asteroids could have brought the building blocks of life to Earth.

The Bennu samples from NASA were handled under nitrogen to prevent contamination by Earth's atmosphere. A 17.75 mg sample was processed and analyzed for N-heterocycles -- organic molecules with a ring structure containing carbon and nitrogen -- using high-resolution mass spectrometry at Kyushu University.

The analysis was carried out by a research team, whose members are part of the OSIRIS-REx sample analysis team, consisting of Associate Professor Yasuhiro Oba of Hokkaido University, Principal Researcher Yoshinori Takano of JAMSTEC and Keio University, Dr. Toshiki Koga of JAMSTEC, Professor Hiroshi Naraoka of Kyushu University, and Associate Professor Yoshihiro Furukawa of Tohoku University.

The analysis revealed that the concentration of N-heterocycles is approximately 5 nmol/g, 5-10 times higher than that reported from Ryugu. In addition to the five nitrogenous bases -- adenine, guanine, cytosine, thymine and uracil -- required for building DNA and RNA, the researchers also found xanthine, hypoxanthine, and nicotinic acid (vitamin B3).

"In previous research, uracil and nicotinic acid were detected in the samples from asteroid Ryugu, but the other four nucleobases were absent. The difference in abundance and complexity of N-heterocycles between Bennu and Ryugu could reflect the differences in the environment to which these asteroids have been exposed in space," Koga explains.

Samples from the meteorites Murchison and Orgueil were also processed and analyzed previously under identical conditions for comparison. The research team observed that the ratio of purines (adenine and guanine) to pyrimidines (cytosine, thymine and uracil) was much lower in the Bennu samples compared to both Murchison and Orgueil.

"There are multiple possible reasons for this observed difference," Oba says. "They may be due to differences in parent bodies or formation pathways, or the Bennu asteroid was exposed to a cold molecular cloud environment where pyrimidine formation is more likely to occur."

"Our findings, which contribute to the larger picture painted by all the authors of the paper, indicate that nucleobase chemistry in the Bennu samples must be further studied," concluded Naraoka. Another important result of this study is that, by comparing meteorites with Bennu samples, a reference for the reanalysis of other meteorites in collections across the globe has been created.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129115223.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Exploring mysteries of Asteroid Bennu | ScienceDaily
During the past year, there's been an unusual set of samples at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab): material gathered from the 4.5-billion-year-old asteroid Bennu when it was roughly 200 million miles from Earth.


						
Berkeley Lab is one of more than 40 institutions investigating Bennu's chemical makeup to better understand how our solar system and planets evolved. In a new study published today in the journal Nature, researchers found evidence that Bennu comes from an ancient wet world, with some material from the coldest regions of the solar system, likely beyond the orbit of Saturn.

The asteroid contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago. Brines could be a productive broth for cooking up some of the key ingredients of life, and the same type of minerals are found in dried-up lake beds on Earth (such as Searles Lake in California) and have been observed on Jupiter's moon Europa and Saturn's moon Enceladus.

"It's an amazing privilege to be able to study asteroid material, direct from space," said Matthew Marcus, a Berkeley Lab scientist who runs the Advanced Light Source (ALS) beamline where some of the samples were studied and who wrote one of the programs used to analyze their chemical composition. "We have highly specialized instruments that can tell us what Bennu is made of and help reveal its history."

The samples from Bennu were gathered by NASA's OSIRIS-REx mission, the first U.S. mission to return samples from an asteroid. The mission returned nearly 122 grams of material from Bennu -- the largest sample ever captured in space and returned to Earth from an extraterrestrial body beyond the Moon.

Marcus teamed up with Scott Sandford from NASA Ames Research Center and Zack Gainsforth from the UC Berkeley Space Sciences Laboratory to study the Bennu sample using scanning transmission X-ray microscopy (STXM) at the ALS. By varying the energy of the X-rays, they were able to determine the presence (or absence) of specific chemical bonds at the nanometer scale and map out the different chemicals found in the asteroid. The science team discovered that some of the last salts to evaporate from the brine were mixed into the rock at the finest levels.

"This sort of information provides us with important clues about the processes, environments, and timing that formed the samples," Sandford said. "Understanding these samples is important, since they represent the types of materials that were likely seeded on the surface of the early Earth and may have played a role in the origins and early evolution of life."

At Berkeley Lab's Molecular Foundry, researchers used a beam of electrons to image the same Bennu samples with transmission electron microscopy (TEM). The Foundry also helped prepare the samples for the experiments run at the ALS. Experts used an ion beam to carve out microscopic sections of the material that are about a thousand times thinner than a sheet of paper.




"Being able to examine the same exact atoms using both STXM and TEM removed many of the uncertainties in interpreting our data," Gainsforth said. "We were able to confirm that we really were seeing a ubiquitous phase formed by evaporation. It took a lot of work to get Bennu to give up its secrets, but we are delighted with the final result."

This is not the first time the ALS and Molecular Foundry have studied material from space. Researchers also used the two facilities to investigate samples from the asteroid Ryugu, building up our understanding of our early solar system. And there's still more to come, with additional studies of Bennu at both the STXM and infrared beamlines at the ALS planned for the coming year.

Berkeley Lab researchers also contributed to a second paper published today in Nature Astronomy that analyzed organic materials found on the asteroid. Within the Bennu sample, the science team identified 14 of the 20 amino acids that life on Earth uses to build proteins. They also found all five nucleobases, the ring-shaped molecules that form DNA and RNA, as well as ammonia, which on Earth might have helped spark the emergence of early life.

The results support the idea that asteroids like Bennu may have delivered water and essential chemical building blocks of life to Earth in the distant past. Based on the similarities between asteroid Bennu and the icy dwarf planets and moons of our outer solar system, these potential ingredients for life could be widespread.
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Moon is not as 'geologically dead' as previously thought | ScienceDaily
Scientists have studied the moon's surface for decades to help piece together its complex geological and evolutionary history. Evidence from the lunar maria (dark, flat areas on the moon filled with solidified lava) suggested that the moon experienced significant compression in its distant past. Researchers suspected that large, arching ridges on the moon's near side were formed by contractions that occurred billions of years ago -- concluding that the moon's maria has remained dormant ever since.


						
However, a new study reveals that what lies beneath the lunar surface may be more dynamic than previously believed. Two Smithsonian Institution scientists and a University of Maryland geologist discovered that small ridges located on the moon's far side were notably younger than previously studied ridges on the near side. Their findings were published in The Planetary Science Journal on January 21, 2025.

"Many scientists believe that most of the moon's geological movements happened two and a half, maybe three billion years ago," said Jaclyn Clark, an assistant research scientist in UMD's Department of Geology. "But we're seeing that these tectonic landforms have been recently active in the last billion years and may still be active today. These small mare ridges seem to have formed within the last 200 million years or so, which is relatively recent considering the moon's timescale."

Using advanced mapping and modeling techniques, the team found 266 previously unknown small ridges on the moon's far side. The ridges typically appeared in groups of 10 to 40 in volcanic regions that likely formed 3.2 to 3.6 billion years ago in narrow areas where there may be underlying weaknesses in the moon's surface, according to the researchers. To estimate the age of these small ridges, the researchers used a technique called crater counting. They found that the ridges were notably younger than other features in their surroundings.

"Essentially, the more craters a surface has, the older it is; the surface has more time to accumulate more craters," Clark explained. "After counting the craters around these small ridges and seeing that some of the ridges cut through existing impact craters, we believe these landforms were tectonically active in the last 160 million years."

Interestingly, Clark noted that the far-side ridges were similar in structure to ones found on the moon's near side, which suggests that both were created by the same forces, likely a combination of the moon's gradual shrinking and shifts in the lunar orbit. The Apollo missions detected shallow moonquakes decades ago; the new findings suggest that these small ridges might be related to similar seismic activity. Learning more about the evolution of the lunar surface could have important implications for the logistics of future moon missions.

"We hope that future missions to the moon will include tools like ground penetrating radar so researchers can better understand the structures beneath the lunar surface," Clark said. "Knowing that the moon is still geologically dynamic has very real implications for where we're planning to put our astronauts, equipment and infrastructure on the moon."
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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Relative of deadly Hendra virus found in the US | ScienceDaily
Researchers at the University of Queensland have identified the first henipavirus in North America.


						
Dr Rhys Parry from the School of Chemistry and Molecular Biosciences said Camp Hill virus was confirmed in shrews in the US state of Alabama.

"Henipaviruses have caused serious disease and death in people and animals in other regions," Dr Parry said

"One of the most dangerous is the Hendra virus, which was first detected in Brisbane, Australia and has a fatality rate of 70 per cent.

"Another example is Nipah virus which has recorded fatality rates between 40 and 75 per cent in outbreaks in Southeast Asia, including in Malaysia and Bangladesh.

"The discovery of a henipavirus in North America is highly significant, as it suggests these viruses may be more globally distributed than previously thought."

Camp Hill virus was found in northern short-tailed shrews, a small mammal with wide distribution across Canada and the US.




Dr Parry said more research was needed to understand if it was a threat to people.

"The closest known henipavirus to Camp Hill virus that has caused disease in humans is Langya virus, which crossed from shrews to humans in China," Dr Parry said.

"This indicates that shrew-to-human transmission can occur."

Co-author Dr Ariel Isaacs said developing vaccines for the virus family was a focus for UQ researchers.

"The next step for this work is to characterise key surface proteins on the virus that are involved in cell entry to broaden our understanding of the virus family and identify better ways to protect against it," Dr Isaacs said.

The research was completed with help from UQ's Dr Naphak Modhiran and Professor Daniel Watterson, along with members of the Professor Wendy R. Hood lab at Auburn University and members of the Professor Vera Gorbunova and Professor Andrei Seluanov Laboratory at the University of Rochester.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128221127.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Moderate exercise keeps appetite at bay | ScienceDaily
A recent study involving researchers at Murdoch University's Health Futures Institute has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.


						
The study, titled "Acute effect of exercise on appetite-related factors in males with obesity," provides new insights into how exercise can aid appetite control and weight management.

One of the study authors, Associate Professor Timothy Fairchild from Murdoch's School of Allied Health, said the study confirms their previous work showing the benefits of incorporating regular exercise into daily routines for individuals looking to manage their weight and improve their overall health.

"People understand that exercise helps 'burn energy'. A lot of people assume that exercise also increases hunger and energy intake afterwards," Associate Professor Timothy Fairchild said.

"We have previously shown, using high-intensity exercise, that this is not the case.

"This latest study shows that even moderate-intensity exercise can have immediate and beneficial effects on appetite control in males with obesity."

The study not only assessed food intake and appetite, but also measured changes in hormones which help to regulate appetite.

"Despite a strong focus on weight loss drugs in society at present, this study shows that lifestyle factors still have a strong and relevant role in helping people to live their healthiest life," Associate Professor Fairchild said.

"In fact, the hormones which have been shown to increase after exercise, are the same hormones which the most successful weight loss drugs are mimicking."

"The added benefit of exercise is that you also receive the additional physical and mental health benefits of exercise."
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A new register with thousands of entangled nuclei to scale quantum networks | ScienceDaily
In a groundbreaking achievement for quantum technologies, researchers at the Cavendish Laboratory, University of Cambridge, have created a functional quantum register using the atoms inside a semiconductor quantum dot.


						
Published in Nature Physics, the work demonstrates the introduction of a new type of optically connected qubits -- a critical advance in the development of quantum networks, where stable, scalable, and versatile quantum nodes are essential.

Quantum dots are nanoscale objects with unique optical and electronic properties that come from quantum mechanical effects. These systems are already used in technologies like display screens and medical imaging, and their adoption in quantum communication has been mostly due to their ability to operate as bright single-photon sources. However, effective quantum networks need more than just single-photon emission; they also require stable qubits that can interact with the photons and store quantum information locally. The new research builds on the inherent spins of the atoms forming the quantum dots as a functioning many-body quantum register to store information over extended periods.

A many-body system refers to a collection of interacting particles -- here, the nuclear spins inside the quantum dot -- whose collective behaviour gives rise to new, emergent properties that are not present in individual components. By using these collective states, the researchers created a robust and scalable quantum register.

The Cambridge team, in close collaboration with colleagues at the University of Linz, successfully prepared 13,000 nuclear spins into a collective, entangled state of spins known as a 'dark state.' This dark state reduces interaction with its environment, leading to better coherence and stability, and serves as the logical 'zero' state of the quantum register. They introduced a complementary 'one' state as a single nuclear magnon excitation -- a phenomenon representing a coherent wave-like excitation involving a single nuclear spin flip propagating through the nuclear ensemble. Together, these states enable quantum information to be written, stored, retrieved, and read out with high fidelity. The researchers demonstrated this with a complete operational cycle, achieving a storage fidelity of nearly 69% and a coherence time exceeding 130 microseconds. This is a major step forward for quantum dots as scalable quantum nodes.

"This breakthrough is a testament to the power many-body physics can have in transforming quantum devices," said Mete Atature, co-lead author of the study and Professor of Physics at the Cavendish Laboratory. "By overcoming long-standing limitations, we've shown how quantum dots can serve as multi-qubit nodes, paving the way for quantum networks with applications in communication and distributed computing. In the 2025 International Year of Quantum, this work also highlights the innovative strides being made at the Cavendish Laboratory toward realising the promise of quantum technologies."

The work represents a unique marriage of semiconductor physics, quantum optics, and quantum information theory. The researchers utilised advanced control techniques to polarise nuclear spins in gallium arsenide (GaAs) quantum dots, creating a low-noise environment for robust quantum operations.

"By applying quantum feedback techniques and leveraging the remarkable uniformity of GaAs quantum dots, we've overcome long-standing challenges caused by uncontrolled nuclear magnetic interactions," explained Dorian Gangloff, co-lead author of the project and Associate Professor of Quantum Technology. "This breakthrough not only establishes quantum dots as operational quantum nodes but also unlocks a powerful platform to explore new many-body physics and emergent quantum phenomena."

Looking ahead, the Cambridge team aims to extend the time their quantum register can store information to tens of milliseconds by improving their control techniques. These improvements would make quantum dots suitable as intermediate quantum memories in quantum repeaters -- critical components for connecting distant quantum computers. This ambitious goal is the focus of their new QuantERA grant, MEEDGARD, a collaboration with Linz and other European partners, to advance quantum memory technologies with quantum dots. Their current research was supported by EPSRC, the European Union, the US Office of Naval Research, and the Royal Society.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128221107.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New clues to the mechanism behind food tolerance and allergies | ScienceDaily
With every bite of food we take, our intestinal immune system must make a big decision. Tasked with defending us from foreign pathogens, these exquisitely sensitive cells somehow distinguish friend from foe -- destroying invaders while tolerating food and helpful bacteria. How the gut separates the good from the bad has long puzzled scientists.


						
Now, new research identifies specific gut cell types that communicate with T cells -- prompting them to tolerate, attack, or simply ignore -- and explains how these opposing responses are triggered. The findings, published in Science, give scientists a new understanding of how the intestinal immune system keeps the gut in balance, and may ultimately shed light on the root causes and mechanisms of food allergies and intestinal diseases.

"The big question is, how do we survive eating?" says lead author Maria C.C. Canesso, a postdoctoral fellow in the laboratories of Daniel Mucida and Gabriel D. Victora. "Why do our bodies normally tolerate food, and what goes wrong when we develop food allergies?"

Gut decisions

The intestinal immune system is complicated machinery. Tolerance to food begins with antigen presenting cells, or APCs, instructing T cells to stand down. This signal gives rise to pTregs, a special type of T cell that calms the immune response to food particles, and kicks off a cascade of activity involving additional immune cells that reinforce the message. But without knowing which specific APCs run the show, it's difficult to tease out the ins and outs of the body's eventual tolerance to food and intolerance to pathogens.

"There are so many types of antigen-presenting cells," Canesso says. "Pinpointing which ones are doing what is a longstanding technical challenge."

She began exploring this conundrum as a PhD student in the Mucida lab, which focuses on how the intestine balances defense with tolerance. During her postdoc, Canesso also joined the Victora lab, which developed a technology known as LIPSTIC that helps scientists catalogue cell-to-cell interactions, particularly among immune cells.




"The technological advances made by the Victora lab allowed us to understand immune cell dynamics that would not have been possible using existing tools," says Mucida, head of the Laboratory of Mucosal Immunology.

After optimizing LIPSTIC for the task, Canesso and colleagues succeeded in pinpointing those APCs that promote tolerance -- a process primarily handled by two types: cDC1s and Rorgt+ APCs. These cells capture dietary antigens from ingested food and present them to T cells, giving rise to the pTregs that ensure food tolerance.

"When we first developed LIPSTIC, we were aiming to specifically measure the interactions between B and T cells that promote antibody responses to vaccines," says Victora, head of the Laboratory of Lymphocyte Dynamics. "It was to Maria's credit that she was able to adapt this to settings so different from those it was originally intended for."

They also uncovered how infections of the intestines can cause interference, demonstrating in mice that the parasitic worm Strongyloides venezuelensis shifts the balance away from tolerance promoting APCs and toward those that promote inflammation. Indeed, mice infected with this worm during a first exposure to a dietary protein display reduced tolerance towards this protein, and signs of allergy when challenged.

Finally, the team characterized the molecular signals underpinning these immune shifts, identifying key cytokines and pathways that influence how APCs present antigens and modulate immune responses. For example, the infection induced a surge in pro-inflammatory cytokines such as IL-6 and IL-12, which have been shown to nudge APC activity toward inflammatory outcomes. This inflammatory environment appears to override the immune system's tolerance mechanisms. "The worm infection induces this an expansion of non-tolerogenic APCs that help deal with the infection, outnumbering the tolerance-related APCs," Canesso says.

From food to food allergies

Together, the findings illuminate how the immune system maintains food tolerance and, in the case of parasitic infections, highlights the specific immune mechanisms that can go awry. "It's important to note that our findings do not suggest that worm infections trigger food allergies," clarifies Mucida, head of the Laboratory of Mucosal Immunology. "They reduce tolerance mechanisms while the immune response focuses on dealing with the worms."

While these findings aren't directly relevant to food allergies, they do lay some groundwork for further investigation into food intolerance. "If food allergies are derived from dysregulation on intestinal APCs inducing tolerance and protective responses to infections, perhaps we could one day modulate those APCs specifically to prevent food allergies," Canesso says.

Next up, Canesso plans to shift her focus toward early life, exploring how maternal-neonatal interactions shape food intolerance. "Most allergies develop early in life," she says. "I want to focus on how breast milk and maternal exposure to dietary antigens may influence a baby's immune system, potentially shaping their risk of developing food allergies."
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Follow the water: Searching for a lunar oasis | ScienceDaily
As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Is it in the craters? The shadowed regions? The poles? Knowing where to look gives astronauts the best chance at successfully living on the moon, something that has, heretofore, remained the stuff of science fiction.


						
Researchers from the University of California San Diego may help bring science fiction to reality by providing a divining rod to guide future space missions, including NASA's Artemis campaign, which seeks to explore and, eventually, inhabit the moon. Their work appears in a special issue of Proceedings of the National Academy of Sciences (PNAS) called "Water on the Moon and Mars," which features Artemis I on its cover.

The researchers included the father-son team of Mark Thiemens, UC San Diego Distinguished Professor of Chemistry and Biochemistry, and Maxwell Thiemens, a research fellow at the Vrije Universiteit Brussel, who is also an alumnus of Scripps Institution of Oceanography.

In 1967, Nobel laureate Harold Urey and James Arnold -- both faculty members in UC San Diego's Department of Chemistry -- were among the first to receive Apollo 11 lunar samples. Urey was one of the first scientists to theorize that there was water on the moon, particularly in the permanently shadowed regions of the moon's poles. Today, scientists believe that water on the moon originated from one of three sources:
    	indigenous to the moon,
    	created by solar winds (where hydrogen from the sun reacts with oxygen at high energy on the moon and likely Mars to create water)
    	deposition (from icy comets that have crashed onto the lunar surface).

On Earth, human civilizations often bubble up near bodies of water and it would be no different in space. On the moon, it's important to know the origin of the water sources because it will give astronauts guidance on where it would be most prudent to set up bases and habitats.

To learn about the origin of water on the moon, Morgan Nunn Martinez (who was a UC San Diego graduate student at the time) extracted very small amounts from lunar rocks collected from the 1969 Apollo 9 mission. It may sound implausible to get water from a rock, but it is possible through "thermal release," a process where lunar samples were heated to 50, 150 and 1,000 degrees Celsius (122, 302, and 1,832 degrees Fahrenheit respectively). As it turns out, these rocks were surprisingly "wet."

The lowest temperatures released lightly bound water molecules -- those molecules that are attached to other molecules (in this case, lunar rock) through a weak attraction. At 1,000 degrees Celsius, tightly bound water molecules, which are more deeply embedded in the rock, were released.




Through this process, gas water molecules are collected, then purified so that only the oxygen remains. The team then measured the composition of three different oxygen isotopes.

Isotopes are atoms of the same element that have varying numbers of neutrons, which changes their mass -- the more neutrons, the heavier the atom. These measurements are particularly useful in determining a substance's origin and age.

Think of it like space forensics. In the way humans have unique fingerprints, astronomical objects, like comets and the sun, have unique signatures. Scientists are able to look at the oxygen isotope measurements and determine the origin of the water.

Their data revealed that most of the lunar water likely originated from the moon itself or from comet impacts. Contrary to popular belief, solar winds did not significantly contribute to the moon's water stores.

"What's nice about this research is that we're using the most advanced scientific measurements and it supports common sense ideas about lunar water -- much of it has been there since the beginning and more was added by these icy comet impacts," stated Maxwell Thiemens. "The more complicated method of solar wind-derived water doesn't appear to have been that productive."

Although not a main thrust of the paper, the researchers also measured samples from Mars. If NASA's Artemis program is able to successfully colonize humans on the moon, it would bode well for the ultimate mission of inhabiting Mars.




"This kind of work hasn't been done before and we think it can provide NASA with some valuable clues about where water is located on the moon," stated Mark Thiemens. "The real goal of Artemis is to get to Mars. Our research shows that likely there is at least as much water on Mars as on the moon, if not more."

Of course, locating the water is only the first step. Being able to extract it from lunar rocks and soil in quantities large enough to sustain life will require further technological advancements and discovery.

Full list of authors: Maxwell Thiemens (Vrije Universiteit Brussel), Morgan Nunn Martinez and Mark Thiemens (UC San Diego).

This research was supported, in part, by a NASA Earth and Space Science Fellowship, a Zonta International Amelia Earhart Fellowship and the Achievement Rewards for College Scientists Fellowship.
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Ocean-surface warming four times faster now than late-1980s | ScienceDaily
The rate of ocean warming has more than quadrupled over the past four decades, a new study has shown.


						
Ocean temperatures were rising at about 0.06 degrees Celsius per decade in the late 1980s, but are now increasing at 0.27 degrees Celsius per decade.

Published today (Tuesday, 28 January 2025) in Environmental Research Letters, the study helps explain why 2023 and early 2024 saw unprecedented ocean temperatures.

Professor Chris Merchant, lead author at the University of Reading, said: "If the oceans were a bathtub of water, then in the 1980s, the hot tap was running slowly, warming up the water by just a fraction of a degree each decade. But now the hot tap is running much faster, and the warming has picked up speed. The way to slow down that warming is to start closing off the hot tap, by cutting global carbon emissions and moving towards net-zero."

Energy imbalance 

This accelerating ocean warming is driven by the Earth's growing energy imbalance -- whereby more energy from the Sun is being absorbed in the Earth system than is escaping back to space. This imbalance has roughly doubled since 2010, in part due to increasing greenhouse gas concentrations, and because the Earth is now reflecting less sunlight to space than before.

Global ocean temperatures hit record highs for 450 days straight in 2023 and early 2024. Some of this warmth came from El Nino, a natural warming event in the Pacific. When scientists compared it to a similar El Nino in 2015-16, they found that the rest of the record warmth is explained by the sea surface warming up faster in the past 10 years than in earlier decades. 44% of the record warmth was attributable to the oceans absorbing heat at an accelerating rate.

Expect more warming 

The findings show that the overall rate of global ocean warming observed over recent decades is not an accurate guide to what happens next: it is plausible that the ocean temperature increase seen over the past 40 years will be exceeded in just the next 20 years. Because the surface oceans set the pace for global warming, this matters for the climate as a whole. This accelerating warming underscores the urgency of reducing fossil fuel burning to prevent even more rapid temperature increases in the future and to begin to stabilise the climate.
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Towards a new generation of human-inspired language models | ScienceDaily
Can a computer learn a language the way a child does? A recent study published in the leading journal Computational Linguistics by professors Katrien Beuls (University of Namur) and Paul Van Eecke (AI Lab, Vrije Universiteit Brussel) sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.


						
"Children learn their native language by communicating with the people around them in their environment. As they play and experiment with language, they attempt to interpret the intentions of their conversation partners. In this way, they gradually learn to understand and use linguistic constructions. This process, in which language is acquired through interaction and meaningful context, is at the core of human language acquisition," says Katrien Beuls.

"The current generation of large language models (LLMs), such as ChatGPT, learns language in a very different way," adds Paul Van Eecke. "By observing vast amounts of text and identifying which words frequently appear together, they generate texts that are often indistinguishable from human writing. This results in models that are extremely powerful in many forms of text generation -- such as summarizing, translating, or answering questions -- but that also exhibit inherent limitations. They are susceptible to hallucinations and biases, often struggle with human reasoning, and require enormous amounts of data and energy to build and operate."

The researchers propose an alternative model in which artificial agents learn language as humans do -- by engaging in meaningful communicative interactions within their environment. Through a series of experiments, they demonstrate how these agents develop linguistic constructions that are directly linked to their surroundings and sensory perceptions. This leads to language models that:
    	Are less prone to hallucinations and biases, as their language comprehension is grounded in direct interaction with the world.
    	Use data and energy more efficiently, resulting in a smaller ecological footprint.
    	Are more deeply rooted in meaning and intention, enabling them to understand language and context in a more human-like manner.

"Integrating communicative and situated interactions into AI models is a crucial step in developing the next generation of language models. This research offers a promising path toward language technologies that more closely resemble how humans understand and use language," the researchers conclude.
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A super-Earth laboratory for searching life elsewhere in the Universe | ScienceDaily
Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team including the University of Geneva (UNIGE) and the NCCR PlanetS. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable zone. This discovery is the fruit of 20 years of observations using the best telescopes in the world. The results are published today in the journal Astronomy & Astrophysics.


						
''Are we alone in the Universe?'' For thousands of years, this question was confined to philosophy, and it is only very recently that modern science has begun to provide solid hypotheses and evidence to answer it. However, astronomers are making slow progress. Each new discovery, whether theoretical or observational, adds to the edifice by pushing back the limits of knowledge. This was the case with the discovery in 1995 of the first planet orbiting a star other than the Sun, which earned two UNIGE researchers, Michel Mayor and Didier Queloz, the 2019 Physics Nobel Prize.

Nearly thirty years later, astronomers have taken many small steps towards detecting more than 7,000 of these exoplanets. The current scientific consensus points to the existence of a planetary system for every star in our galaxy. Astronomers are now looking for exoplanets that are easier to characterise or have interesting features to test their hypotheses and consolidate their knowledge. This is the case of planet HD 20794 d, which has just been detected by a team that includes members of the UNIGE Astronomy Department.

In the habitable zone of its star

This promising planet is a super-Earth, a telluric planet larger than the Earth. It is part of a planetary system containing two other planets. It orbits a G-type star, like the Sun, at a distance of just 19.7 light-years, which is, on the scale of the Universe, in the very close neighbourhood of the Earth. This ''closeness'' makes it easier to study, as its light signals are more visible and stronger. ''HD 20794, around which HD 20794 d orbits, is not an ordinary star,'' explains Xavier Dumusque, Senior Lecturer and researcher in the Department of Astronomy at the UNIGE and co-author of the study. ''Its luminosity and proximity makes it an ideal candidate for future telescopes whose mission will be to observe the atmospheres of exoplanets directly.''

The interest in planet HD 20794 d lies in its position in the habitable zone of its star, the zone that delimits the place where liquid water can exist, one of the conditions necessary for the development of life as we know it. This zone depends on several factors, mainly the stellar properties. For stars such as the Sun or HD 20794, it can extend from 0.7 to 1.5 astronomical units (AU), encompassing not only the orbit of the Earth but also that of Mars in the case of the Sun. The exoplanet HD 20794 d takes 647 days to orbit its star, around forty days less than Mars.

Instead of following a relatively circular orbit, like the Earth or Mars, HD 20794 d follows an elliptical trajectory with large changes in the distance to its star during its revolution. The planet thus oscillates between the inner edge of its star HZ (0.75 AU) and outside of it (2 AU) along its orbit. This configuration is of particular interest to astronomers because it allows them to adjust theoretical models and test their understanding of the notion of a planet's habitability. If there is water on HD 20794 d, it would pass from the state of ice to the liquid state, conducive to the appearance of life, during the planet's revolution around the star.

Many years of observations

Detecting this super-Earth was not easy and the process was iterative. The team analysed more than twenty years of data from state-of-the-art instruments such as ESPRESSO and HARPS. For the latter, the scientists were able to rely on YARARA, a data reduction algorithm recently developed at the UNIGE. For years, planetary signals had been obscured by noise, making it difficult to discern whether planets actually existed. ''We analysed the data for years, carefully eliminating sources of contamination,'' explains Michael Cretignier, a post-doctoral researcher at Oxford University, co-author of the study and developer of YARARA during his PhD at UNIGE.

The discovery of HD 20794 d provides scientists with an interesting laboratory for modelling and testing new hypotheses in their search for life in the Universe. The proximity of this planetary system to its bright star also makes it a prime target for next-generation instruments such as the ANDES spectrograph for ESO's Extremely Large Telescope (ELT). Knowing whether this planet harbours life will still require a number of scientific milestones and a transdisciplinary approach. The conditions for its habitability are already being studied by the new Centre for Life in the Universe (CVU) at the UNIGE's Faculty of Science.
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Innovative one-minute video game boasts 80% success rate in diagnosing autism | ScienceDaily
A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.


						
Developed by researchers at Kennedy Krieger Institute and Nottingham Trent University, the tool, called the Computerized Assessment of Motor Imitation (CAMI), uses motion-tracking technology to detect differences in motor imitation skills.

In the study, 183 children, ages 7-13, were asked to copy the dance-like movements of a video avatar for one minute, while their imitation performance was measured using CAMI. The video game tool was able to correctly distinguish children with autism vs. neurotypical children with a 80% success rate. CAMI also differentiated autism from ADHD with 70% accuracy. Researchers say that this is a particular challenge because ADHD and autism often co-occur, and it can be hard to identify the diagnoses, even by expert clinicians.

Dr. Stewart Mostofsky, a pediatric neurologist and director of the Center for Neurodevelopmental and Imaging Research at Kennedy Krieger Institute and co-author of the study, says this tool is a step forward in how we diagnose autism.

"Diagnosing autism can be challenging, especially when children have overlapping traits with other conditions like ADHD. If the condition is misdiagnosed, it can impact support and resources for the child." said Dr. Mostofsky.

It is often time-consuming to diagnose autism, requiring highly trained clinicians and costing families an estimated $1,500 to $3,000 annually, according to the U.S. National Library of Medicine.

Dr. Bahar Tuncgenc, senior author and social development expert at Nottingham Trent University, said: "Autism is traditionally seen as a social-communication disorder, but we now know sensory-motor difficulties, like motor imitation, play a key role in shaping social and communication skills. CAMI identifies autism by tapping into these challenges, which are distinct from ADHD." She added, "What makes CAMI exciting is its simplicity. Video games are fun for kids, fast for clinicians, and provide clear results."

With further development, CAMI could be adapted for younger children and those with more severe developmental challenges, broadening its impact. Researchers hope CAMI's success inspires new ways to simplify and improve diagnostic tools for other conditions.

"This tool could transform autism diagnoses worldwide," said. Dr. Mostofsky. "By identifying autism as precisely as possible, we can connect children to interventions that improve their quality of life and long-term outcomes. We want to see CAMI used widely in clinics to support diagnosis as an alternative that is quick, low-cost, and requires minimal set-up."
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How simple prompts can make partially automated cars safer | ScienceDaily
A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.


						
Partially automated driving systems -- such as adaptive cruise control and technologies that keep a car in its lane or automate lane changes -- are increasingly common in new vehicle models. However, these technologies do not allow a car to drive itself.

"Drivers still need to be aware of their surroundings and be able to take control of the vehicle at any time, in order to deal with system failures or other unexpected situations," says Jing Feng, corresponding author of a paper on the work and a professor of psychology at North Carolina State University. "Ensuring that drivers are engaged and able to assume control of the vehicle is a significant challenge."

"Our work here focused on assessing whether conversational prompts from the partially automated system are effective at keeping drivers engaged and, by extension, better able to take control of the vehicle in a timely way," says Xiaoliu Bai, first author of the paper and a Ph.D. student at NC State.

In this context, a conversational prompt consists of an audio cue -- such as a beep -- and a text message asking the driver to answer a question about the driving environment. For example, "Is the speed limit still 55 miles per hour?" or "Is the vehicle behind you following at a safe distance?"

To assess the effectiveness of conversational prompts at maintaining driver engagement, the researchers conducted two experiments.

In the first experiment, the researchers recruited 24 study participants. Using a vehicle simulator, all 24 participants went on six "drives." During some of the drives, participants received no prompts. During some of the drives, participants received driving-oriented conversational prompts. And during the remaining drives, participants received conversational prompts unrelated to driving, with questions such as "Did you eat breakfast this morning?" In all six drives, the study participant was required to take over the vehicle at some point.




In the second experiment, the researchers recruited 24 different study participants. The participants went on the same six "drives" under the same conditions. However, in the second experiment, the study participants were also offered a cash reward for solving anagrams on their phone while driving.

"We asked the participants in Experiment 2 to solve anagrams because that is a non-driving-related task that is cognitively demanding," Bai says. "And it made a significant difference."

The researchers found that study participants in Experiment 1 did the best job of taking over the vehicle promptly when they were receiving and interacting with driving-related conversational prompts. However, even the conversational prompts unrelated to driving improved performance when compared to study participants receiving no prompts at all.

But in Experiment 2, when participants were engaged in a cognitively demanding task, driver performance suffered across the board -- and the prompts made virtually no difference.

"Processing driving-related information is clearly valuable at helping maintain driver engagement," says Feng. "However, our findings also underscore the importance of having drivers maintain the proper cognitive workload when driving with partially automated systems.

"If the cognitive workload is too high, as in Experiment 2, drivers are too distracted to engage effectively with driving tasks and responsibilities," says Feng. "But if the workload is too low, drivers get bored. That is likely why, in Experiment 1, even prompts that had nothing to do with driving improved driver performance; those prompts helped maintain the proper workload."

"A clear takeaway message here is that incorporating driving-related prompts into partially automated driving systems can improve driver performance at taking the wheel when necessary, which has real-world ramifications for traffic safety," Bai says.

"Another takeaway message is that even these prompts are insufficient to improve driver performance when drivers are cognitively engaged in demanding non-driving-related tasks," Bai says. "Additional research is needed to see what, if anything, can be done to mitigate these situations."
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A mite-y use of electricity | ScienceDaily
Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity.


						
These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers, including Carlos Garcia-Robledo, associate professor in the Department of Ecology and Evolutionary Biology, are closer to answering these questions, and they published their results in PNAS.

Garcia-Robledo studies aspects of the evolutionary and life histories of organisms and how they respond to climate change, including this puzzling behavior.

"When hummingbirds visit multiple flowers, you usually see the mites going down their beaks only when they touch the first flower," says Garcia-Robledo. "I thought that was interesting and wondered why the mites were not going to the second or third flower."

For years, researchers have proposed that the mites use a smell signal, but after some experimentation to test this theory, Garcia-Robledo was not convinced.

"I knew that it was not maybe the smell that played a major role in this because if you bring the mites to a laboratory, they don't care much about smells of flowers and so on. I knew it had to be something else."

Then, after reading a story about research into how ticks are pulled onto clothing by static electricity, and a chance lunch meeting while working at the La Selva Research Station in Costa Rica, everything came together.




"I was reminded of the weird observation about the mites, and I thought maybe something electrostatic was happening there," he says. "These mites are so tiny that they live at another level of perception, so of course, even little electric fields are important for them. This could help explain the mystery of how they can be fast enough to hitchhike on this family of birds."

Just by chance, Garcia-Robledo was having lunch with friends and co-authors Konstantine Manser and Diego Dierick. Manser was at the time a Ph.D. student at the University of Bristol in the laboratory that produced the tick static research. Diego Dierick is a scientist at the Organization for Tropical Studies, and an electronics whiz collaborating in many projects at La Selva Research Station. Garcia-Robledo proposed they test his theory on the hitchhiking hummingbird flower mites.

"Diego and Kosta said that it was super easy and that we should try. We built the devices the next day and brought the first mite from a flower to test it. We turned on the device, and instantaneously, they started to respond. That's how we figured out that they were using static electricity," says Garcia-Robledo.

With that immediate success, the researchers were inspired to experiment further with a power source that only generated static electricity and test whether the mites were attracted to statics or the frequency that it was transmitting. They discovered that when the field was only static electricity, the mites did not respond, yet they did when the field was modulated.

"The mites respond to the bouncing of a signal that is associated with the size, geometry, and vibration of the hummingbirds, which reach frequencies between 20 and 160 Hz," Garcia-Robledo says.

As the hummingbirds beat their wings, they generate a charge, and their bodies become supercharged. So, just like how you may get a small static shock after walking across a room and touching a door handle, the first flower seems to be the one where mites have the electric potential to embark or disembark quickly.




In another experiment, Garcia-Robledo tested how the mites recognize very small positive electrical charges. He experimented with a very simple and effective device composed of a glass tube, and wire where the wire would be touched by either an aluminum or copper plate to generate a charge. The glass tube held the mite, and when the device was charged, the mites responded by running toward the positive pole at both higher and lower electrical fields, but only when it was transmitting a frequency of 120 Hz.

"You just charge the little arena, and then instantaneously, the mite is attracted only if you have this little bounce of the signal, and they go to the positive charge even if you have these super tiny charges. The little bounce the second that you touch, it is enough for them to know where to go, and they just go," says Garcia-Robledo.

Each of the 19 mite species at La Selva is attracted to specific set of flowers, and they somehow know when they have arrived at the right flower and that it's time to jump on or hop off their hummingbird shuttle.

"We think that there may be some specificity in the electric signals or different charges for flowers," says Garcia-Robledo. "That's one possibility. We found that there is a structure in the front legs that they used to perceive these electric charges and frequencies. The next step is that we have many of these mites, and they have different structures, and different species of mites have different structures in their legs. Potentially, they can detect different frequencies."

Besides signaling when to get off, these electric charges help the mites quickly board their speedy chaperones. Just like the study looking at how ticks hitch a statically charged ride onto clothing, the mites are pulled up from the flower to the hummingbird beaks via the bird's positive charge.

"When the mites are attracted by that electric field, we found they are one of the fastest terrestrial organisms for a few milliseconds," Garcia-Robledo says. "This is the most surprising thing because the mites were not just responding to electrostatics, they are responding to an actual signal generated by an organism. That was super surprising. This may be the first kind of like case where these organisms are using, at the same time, electricity to locate organisms that they are using for transportation, but also for transportation itself."
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First mouse with two male parents to reach adulthood | ScienceDaily
A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results, publishing on January 28, 2025, in the Cell Press journal Cell Stem Cell, describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.


						
Scientists have attempted to create bi-paternal mice before, but the embryos developed only to a certain point and then stopped growing. Here, the investigators, led by corresponding author Wei Li of the Chinese Academy of Sciences (CAS) in Beijing, focused on targeting imprinting genes, which regulate gene expression in a number of ways. "This work will help to address a number of limitations in stem cell and regenerative medicine research," says Li.

"The unique characteristics of imprinting genes have led scientists to believe that they are a fundamental barrier to unisexual reproduction in mammals," says co-corresponding author Qi Zhou, also of CAS. "Even when constructing bi-maternal or bi-paternal embryos artificially, they fail to develop properly, and they stall at some point during development due to these genes."

Earlier attempts to make a bi-paternal mouse used ovarian organoids to derive oocytes from male pluripotent stem cells; those ooctyes were then fertilized with sperm from another male. However, when the homologous chromosomes -- the chromosomes that divide during meiosis to create oocytes and sperm -- originated from the same sex, imprinting abnormalities arose, leading to severe developmental defects.

In this study, the researchers modified 20 key imprinting genes individually using a number of different techniques, including frameshift mutations, gene deletions, and regulatory region edits. They found that not only did these edits allow the creation of bi-paternal animals that sometimes lived to adulthood, but they also led to stem cells with more stable pluripotency.

"These findings provide strong evidence that imprinting abnormalities are the main barrier to mammalian unisexual reproduction," says co-corresponding author Guan-Zheng Luo of Sun Yat-sen University in Guangzhou. "This approach can significantly improve the developmental outcomes of embryonic stem cells and cloned animals, paving a promising path for the advancement of regenerative medicine."

The researchers note several limitations that their work still needs to address. For one thing, only 11.8% of the viable embryos were capable of developing until birth, and not all the pups that were born lived to adulthood due to developmental defects. Most of those that did live to adulthood had altered growth and a shortened lifespan. Also, the mice that lived to adulthood were sterile, although they did exhibit increased cloning efficiency.

"Further modifications to the imprinting genes could potentially facilitate the generation of healthy bi-paternal mice capable of producing viable gametes and lead to new therapeutic strategies for imprinting-related diseases," says co-corresponding author Zhi-Kun Li of CAS.

The team will continue to study how modifying imprinting genes may lead to embryos with higher developmental potential. They also aim to extend the experimental approaches developed in mice to larger animals, including monkeys. However, they note that this will require considerable time and effort because the imprinting gene combinations in monkeys differ significantly from those in mice. Whether this technology will ultimately be applied towards solving human disease remains unclear. The International Society for Stem Cell Research's ethical guidelines for stem cell research does not allow heritable genome editing for reproductive purposes nor the use of human stem cell-derived gametes for reproduction because they are deemed as currently unsafe.
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Explaining persistent hydrogen in Mars' atmosphere | ScienceDaily
The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, Harvard researchers think they have a good explanation for a warmer, wetter ancient Mars.


						
Building on prior theories describing the Mars of yore as a hot again, cold again place, a team led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

"It's been such a puzzle that there was liquid water on Mars, because Mars is further from the sun, and also, the sun was fainter early on," said Danica Adams, NASA Sagan Postdoctoral Fellow and lead author of the new paper in Nature Geoscience.

Hydrogen was previously theorized as the magic ingredient, mixed with carbon dioxide in the Martian atmosphere to trigger episodes of greenhouse warming. But the lifetime of atmospheric hydrogen is short, so a more detailed analysis was required.

Now, Adams; Robin Wordsworth, the Gordon McKay Professor of Environmental Science and Engineering at SEAS; and team have performed photochemical modeling -- similar to methods used today to track air pollutants -- to fill in details of the early Martian atmosphere's relationship to hydrogen, and how that relationship changed over time.

"Early Mars is a lost world, but it can be reconstructed in great detail if we ask the right questions," Wordsworth said. "This study synthesizes atmospheric chemistry and climate for the first time, to make some striking new predictions -- which are testable once we bring Mars rocks back to Earth."

Adams modified a model called KINETICS to simulate how a combination of hydrogen and other gases reacting with both the ground and the air controlled the early Martian climate.




She found that during Mars' Noachian and Hesperian periods, between 4 and 3 billion years ago, Mars experienced episodic warm spells over about 40 million years, with each event lasting 100,000 or more years. These estimates are consistent with geologic features on Mars today. The warm, wet periods were driven by crustal hydration, or water being lost to the ground, which supplied enough hydrogen to build up in the atmosphere over millions of years.

During the fluctuations between warm and cold climates, the chemistry of Mars' atmosphere was also fluctuating. CO2 is constantly hit by sunlight and converted to CO. In warm periods, the CO could recycle back into CO2, making CO2 and hydrogen dominant. But if it was cold for long enough, the recycling would slow down, build up CO, and bring about a more reduced state, a.k.a. less oxygen. The redox states of the atmosphere thus changed dramatically over time.

"We've identified time scales for all of these alternations," Adams said. "And we've described all the pieces in the same photochemical model."

The modeling work lends potential new insight into conditions that supported prebiotic chemistry -- the underpinnings of later life as we know it -- during warm periods, and challenges for the persistence of that life during intervals of cold and oxidation. Adams and others are starting to work on finding evidence of those alternations using isotope chemical modeling, and they plan to compare those results to rocks from the upcoming Mars Sample Return mission.

Because Mars lacks plate tectonics, unlike Earth, the surface seen today is similar to that of long ago, making its history of lakes and rivers that much more intriguing. "It makes a really great case study for how planets can evolve over time," Adams said.

Adams started the work as a Ph.D. student at California Institute of Technology, which hosts the photochemical model she used. The study was supported by NASA and Jet Propulsion Laboratory.
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Archaeologists find 'lost' site depicted in the Bayeux Tapestry | ScienceDaily
Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry.


						
By reinterpreting previous excavations and conducting new surveys, the team from Newcastle University, UK, together with colleagues from the University of Exeter, believe they have located a power centre belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

Bosham, on the coast of West Sussex, is depicted twice in the Bayeux Tapestry, which famously narrates the Norman Conquest of England in 1066 when William, Duke of Normandy, challenged Harold for the throne. The Tapestry culminates in Williams's victory at Hastings, but earlier in the artwork Bosham is shown as the place where Harold enjoys a feast in an extravagant hall before setting sail for France, and again on his return.

The location of Harold's residence at Bosham has never been proved, although it has been suggested that a house in the village -- now a private home -- stands on the site.

Archaeological detective work

The team of archaeologists used a range of methods to unpick the early history of the property, including a geophysical survey of the surrounding area, assessment of standing remains, scrutiny of maps and records, and re-examination of evidence from excavations carried out in 2006 by West Sussex Archaeology.

This confirmed the existence of two previously unidentified Medieval buildings: one integrated into the current house and another in the garden. The crucial indication that the site had even earlier origins comes from the excavations in 2006, which identified a latrine within a large timber building. In the past decade or so archaeologists have begun to recognise a trend in England, beginning during the 10th century AD, for high-status houses to integrate toilets. The discovery of the latrine therefore indicated to the team that the timber building was of elite status, and almost certainly represents part of Harold's residence illustrated on the Bayeux Tapestry. The hall was one part of a more extensive complex, that also included a church, which still survives.

The research, which is published in The Antiquaries Journal, was led by Dr Duncan Wright, Senior Lecturer in Medieval Archaeology at Newcastle University, who said: "The realisation that the 2006 excavations had found, in effect, an Anglo-Saxon en-suite confirmed to us that this house sits on the site of an elite residence pre-dating the Norman Conquest. Looking at this vital clue, alongside all our other evidence, it is beyond all reasonable doubt that we have here the location of Harold Godwinson's private power centre, the one famously depicted on the Bayeux Tapestry."

Professor Oliver Creighton of the University of Exeter, and Co-Investigator of the project, added: "The Norman Conquest saw a new ruling class supplant an English aristocracy that has left little in the way of physical remains, which makes the discovery at Bosham hugely significant -- we have found an Anglo-Saxon show-home."

The research at Bosham was carried out as part of the wider Where Power Lies project, with a team drawn from Newcastle University and the University of Exeter, and funded by the Arts and Humanities Research Council. The project aims to explore the origins and early development of aristocratic centres like Bosham, assessing for the first time the archaeological evidence for these sites across the entirety of England.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250127201031.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Embodied energy' powers modular worm, jellyfish robots | ScienceDaily
In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent Cornell University research in battery development and design.


						
A modular worm robot and jellyfish demonstrate the benefits of "embodied energy" -- an approach that incorporates power sources into the body of a machine, to reduce its weight and cost.

The worm and jellyfish are direct descendants of an aqueous soft robot, inspired by a lionfish and unveiled in 2019, that could store energy and power its applications via a circulating hydraulic fluid -- i.e., "robot blood." Similar blood sustains the new species, but with an improved design for greater battery capacity and power density.

"The jellyfish has much more capacity for its weight, so the duration it can travel is even longer than the fish," said Rob Shepherd, professor of mechanical and aerospace engineering, who led both projects. "The worm is the first version we've done above ground. When it's underwater, you get buoyantly supported, so you don't need a skeleton. It doesn't need to be rigid."

The key innovation of the worm robot was its compartmentalized design. The worm's body is a series of interconnected pods, each containing a motor and tendon actuator so the worm can compress and expand its shape, as well as a stack of anolyte pouches immersed in catholyte.

"There are a lot of robots that are powered hydraulically, and we're the first to use hydraulic fluid as the battery, which reduces the overall weight of the robot, because the battery serves two purposes, providing the energy for the system and providing the force to get it to move," Shepherd said. "So then you can have things like a worm, where it's almost all energy, so it can travel for long distances."

The researchers tested two modes of movement. The worm can inch along the ground, with each pod contracting and then pushing itself forward; the worm can also push its way up and down a vertical pipe like a caterpillar, a technique known as two-anchor crawling.

The robot is not exactly speedy -- it would take 35 hours to travel 105 meters in a single charging -- but it is faster than other hydraulically powered worm bots. As for potential applications, the worm is particularly well suited for exploring long and narrow passageways, such as pipes, and possibly conducting repairs.

Likewise, the jellyfish robot would be an ideal low-cost tool for ocean exploration because it can be carried along with the current, then swim up to the surface to send and receive communications, before sinking back down.

The research was supported by the Office of Naval Research and the Department of Energy Basic Energy Sciences Program.
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Cancer risk established before birth | ScienceDaily
A person's lifetime risk for cancer may begin before they are even born, reports a paradigm-shifting study by Van Andel Institute scientists.


						
The findings, published in Nature Cancer, identified two distinct epigenetic states that arise during development and are linked to cancer risk. One of these states is associated with a lower lifetime risk while the other is associated with a higher lifetime risk.

If cancer does develop in the lower risk state, it is more likely to be a liquid tumor, such as leukemia or lymphoma. If cancer develops in the higher risk state, it is more likely to be a solid tumor, such as lung or prostate cancer.

"Because most cancers occur later in life and are understood as diseases of mutation, or genetics, there hasn't been a deep focus on how development might shape cancer risk. Our findings change that," said J. Andrew Pospisilik, Ph.D., chair of VAI's Department of Epigenetics and co-corresponding author of the study. "Our identification of these two epigenetically different states open the door to an entirely new world of study into the underpinnings of cancer."

Cancer risk increases as people age, thanks to an accumulation of DNA damage and other factors. Still, not every abnormal cell goes on to become cancer. In recent years, scientists have identified other influences, such as epigenetic errors, as additional contributors to cancer.

Epigenetics are processes that affect how and when the instructions in DNA are carried out. Problems with epigenetics can derail cellular quality control processes, enabling sick cells to survive and spread.

In their study, Pospisilik and collaborators found that mice with reduced levels of the gene Trim28 can have one of two patterns of epigenetic marks on cancer-related genes, despite being otherwise identical. These patterns are established during development. The strength of the patterns determines which of the two cancer risk states occur.

"Everyone has some level of risk but, when cancer does arise, we tend to think of it just as bad luck," said Ilaria Panzeri, Ph.D., a research scientist in the Pospisilik Lab and the study's first and co-corresponding author. "However, bad luck doesn't fully explain why some people develop cancer and others don't. Most importantly, bad luck cannot be targeted for treatment. Epigenetics, on the other hand, can be targeted. Our findings show that cancer's roots may start during the sensitive period of development, offering a new perspective to study the disease and potential new options for diagnosis and treatment."

The team found evidence of the two epigenetic states throughout tissues in the body, which suggests that developmental epigenetic risk may be common across cancers. In the future, they plan to explore the effects of these two states in individual cancer types.

Other authors include Luca Fagnocchi, Ph.D., Stefanos Apostle, M.S., Megan Tompkins, Emily Wolfrum, MPH, Zachary Madaj, M.S., Galen Hostetter, M.D., Yanqing Liu, Kristen Schaefer, Chih-Hsiang Yang, Ph.D., Alexis Bergsma, Ph.D., Anne Drougard, Ph.D., Erez Dror, Ph.D., Darrell Chandler, Ph.D., and Timothy J. Triche, Jr., Ph.D., of VAI; the PERMUTE Consortium; and Daniel Schramek, Ph.D., of University of Toronto. Schaefer also is affiliated with Case Western Reserve University. 
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Hear ye! Hear ye! Researchers uncover new complexities in human hearing | ScienceDaily
Yale physicists have discovered a sophisticated, previously unknown set of "modes" within the human ear that put important constraints on how the ear amplifies faint sounds, tolerates noisy blasts, and discerns a stunning range of sound frequencies in between.


						
By applying existing mathematical models to a generic mock-up of a cochlea -- a spiral-shaped organ in the inner ear -- the researchers revealed a new layer of cochlear complexity. The findings offer fresh insight into the remarkable capacity and accuracy of human hearing.

"We set out to understand how the ear can tune itself to detect faint sounds without becoming unstable and responding even in the absence of external sounds," said Benjamin Machta, an assistant professor of physics in Yale's Faculty of Arts and Science and co-senior author of a new study in the journal PRX Life. "But in getting to the bottom of this we stumbled onto a new set of low frequency mechanical modes that the cochlea likely supports."

In humans, sound is converted into electrical signals in the cochlea. People are able to detect sounds with frequencies across three orders of magnitude and more than a trillion-fold range in power, down to tiny vibrations of air.

Once sound waves enter the cochlea, they become surface waves that travel along the cochlea's hair-lined basilar membrane.

"Each pure tone rings at one point along this spiral organ," said Asheesh Momi, a graduate student in physics in Yale's Graduate School of Arts and Sciences and the study's first author. "The hair cells at that location then tell your brain what tone you are hearing."

Those hairs do something else as well: They act as mechanical amplifiers, pumping energy into sound waves to counteract friction and help them reach their intended destinations. Pumping in just the right amount of energy -- and making constant adjustments -- is crucial for precise hearing, the researchers said.




But that is simply one set of hearing modes within the cochlea, and it is well-documented. The Yale team discovered a second, extended set of modes within the organ.

In these extended modes, a large portion of the basilar membrane reacts and moves together, even for a single tone. This collective response places constraints on how hair cells respond to incoming sound and how the hair cells pump energy into the basilar membrane.

"Since these newly discovered modes exhibit low frequencies, we believe our findings might also contribute to a better understanding of low-frequency hearing, which is still an active area of research," said Isabella Graf, a former Yale postdoctoral researcher who is now at the European Molecular Biology Laboratory in Heidelberg, Germany.

Graf and Machta have collaborated on a series of studies in recent years that used mathematical models and statistical physics concepts to better understand biological systems, such as a pit viper's sensitivity to temperature change and the interplay between phases of matter that come into contact within cell membranes.

Michael Abbott of Yale and Julian Rubinfien of Harvard are co-authors of the new study. Machta, Momi, and Abbott are part of Yale's Quantitative Biology Institute.

The research was supported by the National Institutes of Health, a Simons Investigator award, and the German Research Foundation.
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Dwarf planet Ceres: Building blocks of life delivered from space | ScienceDaily
The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them. In the journal AGU Advances, a group of researchers led by the Max Planck Institute for Solar System Research (MPS) in Germany presents the most comprehensive analysis to date of this mysterious material and its geological context. To this end, the team for the first time used artificial intelligence to analyse observational data from NASA's Dawn spacecraft. According to the study, the dwarf planet's unique cryovolcanism, in which salty brine rises from the body's interior to the surface, is not responsible for the organic deposits discovered so far. These new findings help to understand where and how habitable conditions could have arisen in the Solar System.


						
Organic molecules are among the necessary inventory of life-friendly worlds. On Earth, the compounds of carbon, hydrogen and -- in smaller quantities -- other elements form the basic building blocks of all life. In recent years, researchers have found such molecules at great distances from the Sun: on trans-Neptunian objects, comets, and far-away asteroids. These bodies are thought to be largely unaltered remnants from the early days of the Solar System. The building blocks of life may therefore have been part of their "basic configuration" from the very beginning and possibly reached the inner Solar System only later.

For the current study, the researchers looked for previously unknown deposits of organic material on dwarf planet Ceres. With its location in the middle of the asteroid belt between the orbits of Mars and Jupiter, the body is neither clearly native to the inner nor the outer Solar System. According to earlier studies, this location could even be its birthplace. Scientists are therefore interested in the origin of Ceres's organic components. Did they originate locally in the asteroid belt? Or did they arrive later?

Searching for Organics from afar

Evidence of deposits of organic material was already found during the early stages of the Dawn mission. The Dawn spacecraft reached Ceres in March 2015 and accompanied it for about three and a half years. During this time, the scientific camera system and the spectrometer on board scanned the entire surface of the dwarf planet. Potential patches of organic material can be detected from the camera data: the brightness of the light reflected from these areas increases noticeably with increasing wavelength. The spectrometer splits the light into many more wavelengths than the camera and can therefore prove or disprove the presence of organics. Unfortunately, remote data is not sufficient to identify individual types of molecules beyond doubt. However, it is certain that the discovered deposits consist of organic compounds that have a chain-like structure. Researchers refer to such molecules as aliphatic hydrocarbons.

The authors of the current study have now used artificial intelligence to comb the entire surface of the dwarf planet for traces of aliphatic organic molecules. "Sites of such organic molecules are actually rare on Ceres, and devoid of any cryovolcanic signatures" says first author Ranjan Sarkar from the MPS, summarizing the results. The vast majority of deposits can be found along the edge or near the large Ernutet crater in the northern hemisphere of the dwarf planet. Only three are located at a greater distance from it. Two patches were not previously known. A closer look at the geological structures at the locations of the organic material allows further conclusions. "At none of the deposits do we find evidence of current or past volcanic or tectonic activity: no trenches, canyons, volcanic domes or vents. Furthermore, there are no deep impact craters nearby," says Martin Hoffmann from MPS.

Impacts from distant neighbors

During the Dawn mission, Ceres had turned out to be an extraordinary, cryovolcanic world. Under its surface, a watery brine is hidden, which in some places has been seeping to the surface until recently. "Of course, the first assumption is that Ceres' unique cryovolcanism has transported the organic material from the interior of the body to the surface," says Andreas Nathues from MPS, head of the camera team. "But our results show otherwise," he adds. At the sites of cryovolcanic activity, there is no proof of organic matter. And where organic compounds have been reliably detected, there is no evidence of deep or surface activity.




The researchers therefore argue that the impact of one or more asteroids from the outer asteroid belt introduced the organic material. Computer simulations show that these bodies are among the ones that most frequently collided with Ceres. Since the not-too-distant neighbors do not pick up much speed, only little heat is generated upon impact. Organic compounds can survive these temperatures.

"Unfortunately, Dawn can't detect all types of organic compounds," Andreas Nathues points out. It is quite likely that building blocks of life were also formed in Ceres' underground ocean and perhaps even reached the surface -- or are still doing so. "However, the organic deposits that have been reliably detected with Dawn so far likely do not originate Ceres itself," he explains. Nathues continues by saying that a future lander mission would be needed to detect organic material from the interior of Ceres.

About the mission

NASA's Dawn mission studied two bodies in the asteroid belt up close: the protoplanet Vesta from 2011 to 2012, and the dwarf planet Ceres from 2015 to 2018. The mission's scientific camera system, the Dawn Framing Cameras, were developed, built, and operated during the mission under the leadership of MPS. The VIR spectrometer was provided by the Italian Space Agency ASI.
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Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario | ScienceDaily
An interdisciplinary team of researchers from Nanyang Technological University, Singapore (NTU Singapore), and Delft University of Technology (TU Delft), The Netherlands, has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 metres by 2100. The high end of this projection's range is 90 centimetres higher than the latest United Nations' global projection of 0.6 to 1.0 metres [1].


						
The very likely range (90 per cent probability for the event to occur), reported by the NTU team in the scientific journal Earth's Future, complements sea-level rise projections reported by the United Nation's Intergovernmental Panel on Climate Change (IPCC), which only assessed the probability of projections up to a likely range (66 per cent probability).

Current sea-level projections rely on a range of methods to model climate processes. Some include well-understood phenomena like glacier melting, while others incorporate more uncertain events, such as abrupt ice shelf collapse.

As a result, these models produce varying projections, making it difficult to estimate reliable extreme sea-level rise. This ambiguity in projections from different methods has prevented the IPCC from providing very likely ranges for sea-level projections -- a valuable standard in managing risk.

To overcome this challenge and to address the uncertainties in current sea-level rise projections, NTU researchers developed a new, improved projection method known as the "fusion" approach. This approach combines the strengths of existing models with expert opinions, offering a clearer, more reliable picture of future sea-level rise.

Lead author of the study, Dr Benjamin Grandey, Senior Research Fellow at NTU's School of Physical and Mathematical Sciences (SPMS), said, "Our new approach tackles a key issue in sea-level science: different methods of projecting sea-level rise often produce widely varying results. By combining these different approaches into a single fusion projection, we can estimate the uncertainty associated with future sea-level rise and quantify the very likely range of sea-level rise."

The research team believes their new method fills a critical gap for reliable information, complementing the IPCC's latest report.




The fusion approach: Combining strengths of existing models

The interdisciplinary NTU team of physicists and climate scientists created the fusion model by integrating statistical methods with expert judgments. They used data from established projections presented in the IPCC's Sixth Assessment Report, which simulate potential future scenarios under different emissions pathways.

The researchers combined different classes of projections reported in the IPCC report. They incorporated both 'medium confidence' and 'low confidence' projections, supplemented by expert assessments, to account for poorly understood extreme processes, such as sudden shifts in ice sheet behaviour. A weighting system was applied, prioritising more reliable medium-confidence data while still including lower-confidence projections to address uncertainties.

Projections based on this fusion approach suggest that under a low-emissions scenario, global mean sea levels are very likely to rise between 0.3 and 1.0 metres by 2100. The IPCC's likely range projected global mean sea level to rise by 0.3 to 0.6 metres.

Under a high-emissions scenario, the NTU fusion model projects global mean sea level will very likely rise between 0.5 and 1.9 metres by 2100. The IPCC likely range projected a rise between 0.6 to 1.0 metres.

The broader ranges indicated by the NTU model suggest that previous estimates may have understated the potential for extreme outcomes, with levels possibly rising to 90 cm higher than the upper end of the IPCC's likely range under a high-emissions pathway.




Current emissions trends suggest that the world is on a trajectory between the low-emissions and high-emissions scenarios.

"Our new very likely projections highlight just how large the uncertainties are when it comes to sea-level rise," said Dr Grandey. "The high-end projection of 1.9 metres underscores the need for decision-makers to plan for critical infrastructure accordingly. More importantly, these results emphasise the importance of climate mitigation through reducing greenhouse gas emissions."

Co-author, Professor Benjamin Horton, Director, Earth Observatory of Singapore at NTU, said, "This NTU research represents a significant breakthrough in sea-level science. By estimating the probability of the most extreme outcomes, it underscores the severe impacts of sea-level rise on coastal communities, infrastructure, and ecosystems, emphasising the urgent need to address the climate crisis."

Why the new projection method matters 

Accurate projections of sea-level rise are essential for preparing for climate change. The NTU team believes that their new method provides valuable, actionable information for urban planners and governments, helping them plan and implement measures to protect vulnerable communities, especially in extreme sea-level rise scenarios.

Co-author, Professor Chew Lock Yue from NTU School of SPMS, said, "By appropriately combining the best available knowledge of sea-level information at different confidence levels into a single fused probability distribution, we have developed a novel way to project the full uncertainty range of future sea-level rise."

Co-author, Associate Professor Justin Dauwels, Signal Processing Systems (SPS), Department of Microelectronics at TU Delft, said, "Our new method for projecting the full uncertainty range of future sea-level rise can also be applied for other climate projections and beyond, including coastal flooding risk assessments, infrastructure vulnerability analysis, and economic impact forecasts."

This study exemplifies NTU's commitment to advancing climate science research and supporting global sustainability efforts and is supported by the National Research Foundation, Singapore, and National Environment Agency, Singapore under the National Sea Level Programme Funding Initiative (Award No. USS-IF-2020-3).

[1] Projection based on the Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report. The IPCC is a United Nations body that provides authoritative scientific assessments on climate change. https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
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Researchers discover new way to store hydrogen using lignin jet fuel | ScienceDaily
An international team of scientists has discovered a way to store and release volatile hydrogen using lignin-based jet fuel that could open new pathways for sustainable energy production.


						
In a new study in the International Journal of Hydrogen Energy, Washington State University Professor Bin Yang and colleagues demonstrated that a type of lignin-based jet fuel they developed can chemically bind hydrogen in a stable liquid form. The research has many potential applications in fuels and transportation and could ultimately make it easier to harness hydrogen's potential as a high energy and zero emissions fuel source.

"This new, lignin jet fuel-based technology could enable efficient, high-density hydrogen storage in an easy-to-handle sustainable aviation fuel, eliminating the need for pressurized tanks for storage and transport," Yang said.

For the study, researchers at WSU, Pacific Northwest National Laboratory, the University of New Haven, and Natural Resources Canada set out to address one of the major challenges with using hydrogen as a fuel source. The lightest element's low density and explosive nature make storage and transport technically challenging, inefficient, and expensive.

The January article details how the research team discovered the new hydrogen-storing process using chemical reactions that produced aromatic carbons and hydrogen from lignin jet fuel -- an experimental fuel developed by Yang's lab based on lignin, an organic polymer found in plants.

"Hydrogen is a versatile energy carrier that could help the U.S. meet its targets for zero-emission mobility, integration of renewables, and decarbonization of industry," Yang said.

The discovery points to new uses for the lignin jet fuel developed at WSU by Yang, who previously tested a new continuous process that creates the fuel from agricultural waste. Experiments have shown that the sustainably produced fuel could increase engine performance and efficiency while dispensing with aromatics, the pollution-causing compounds found in conventional fuels.

"This innovation offers promising opportunities for compatibility with existing infrastructure and economic viability for scalable production," Yang said. "It could help create a synergistic system that enhances the efficiency, safety, and ecological benefits of both sustainable aviation fuel and hydrogen technologies."

Next, WSU researchers will collaborate with scientists at the University of New Haven to design an AI-driven catalyst that enhances and completes the reactions, making them more efficient and cost-effective.

Funding for the work came from the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy and its Hydrogen and Fuel Cell Technologies Office.
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New weapon against harmful algal blooms | ScienceDaily
As harmful algal blooms (HABs) continue to spread across the globe, urgent research is needed to address this growing threat. Studies in Italy, China, and the Atlantic basin have shown that many water bodies have high nitrogen-to-phosphorus ratios, making phosphorus a key factor that drives these blooms. This highlights the critical need for more effective phosphorus management strategies to curb the rise of HABs and protect our ecosystems.


						
Recently, there's been a growing interest in finding useful ways to repurpose troublesome algal biomass, which could be turned into valuable products like bioplastics, biofertilizers, and biofuels. Researchers have already explored using algal biomass to create materials that can help clean up things such as heavy metals, rare earth metals, dyes, and even capture CO2 and harmful volatile organic compounds from the air.

However, few studies have looked into how algal biomass, especially cyanobacteria, also known as blue-green algae, can be used to create materials that remove phosphate from water.

Now, researchers from the College of Engineering and Computer Science at Florida Atlantic University, have filled that gap by transforming cyanobacterial biomass, which is typically a hazardous waste, into custom-made adsorbent materials that can pull harmful phosphorus out of water. Adsorbent materials are substances that can attract and hold molecules or particles such as gases, liquids, or dissolved solids on their surface. Unlike absorbent materials that soak up substances into their structure, adsorbents capture molecules on the outside surface, forming a thin layer.

To convert algal biomass into chemically modified activated carbon adsorbent materials for phosphate removal, researchers collected cyanobacterial biomass from Florida's Lake Okeechobee and processed before activation using fast and energy-efficient microwave heating. To improve phosphate removal from water, researchers tested adsorbent materials modified with lanthanum chloride or zinc chloride. Relatively abundant, lanthanum is a metal that is part of the rare-earth element group. Both compounds are useful in a variety of fields including environmental cleanup, industrial processing, and chemical manufacturing. Previous research did not identify any human health risks associated with the use of lanthanum for phosphorus removal.

Results of the study, published in the journal Algal Research, show that materials treated with lanthanum chloride removed more than 99% of phosphorus, even at starting phosphorus concentrations as high as 20 milligrams per liter of water. The best material could be synthesized in three minutes and successfully achieved 90% phosphorus removal efficiency with a low amount of material (0.2 gram per liter of contaminated water) and just 30 minutes of contact time. This material also performed well in the presence of natural organic matter by selectively removing phosphorus.

The study suggests that lanthanum-modified algae-based adsorbents could help reduce HABs by removing phosphorus from water. The effectiveness comes from the formation of a compound, LaPO4.H2O (also known as rhabdophane), which traps phosphorus permanently.




"Our findings suggest that lanthanum-modified algae-based materials could be an effective solution for removing phosphorus and preventing harmful algal blooms if used on a larger scale," said Masoud Jahandar Lashaki, Ph.D., senior author, assistant professor and graduate program director/coordinator in FAU's Department of Civil, Environmental and Geomatics Engineering. "By using readily available waste materials like algal biomass, combined with lanthanum, an element known for its strong phosphorus-binding capabilities, we have developed an adsorbent that can effectively target and remove excess phosphorus from water. Phosphorus is a major contributor to the occurrence of harmful algal blooms, which can lead to toxic water conditions, loss of aquatic life, and significant economic impacts on industries like fishing and tourism."

Results of this study show the promise of this innovative approach in addressing one of the most pressing challenges in water quality management. With further refinement and scalability, this technique could become an essential tool for managing nutrient pollution and preserving aquatic ecosystems globally.

"Our team's research highlights the high efficiency of these materials in removing phosphorus over a wide range of concentrations. This approach could provide an environmentally friendly and cost-effective solution to mitigate the effects of eutrophication -- the process where excessive nutrients, particularly phosphorus, fuel the growth of harmful algae in lakes, rivers, and coastal areas," said Stella Batalama, Ph.D., dean, FAU College of Engineering and Computer Science. "By applying lanthanum-modified algae-based materials in regions prone to harmful algal blooms, communities could significantly reduce the occurrence of these blooms, improving water quality, protecting ecosystems, and ensuring safe water for both human use and wildlife."

Study co-authors are Vithulan Suthakaran, a civil engineer and doctoral candidate in FAU's College of Engineering and Computer Science; Ryan Thomas, an environmental engineer and FAU graduate; Mitchell Guirard, an environmental engineer and FAU graduate; and Daniel Meeroff, Ph.D., professor and dean of undergraduate studies, FAU Department of Civil, Environmental and Geomatics Engineering.

This research and publication were developed under Project INV12 and funded by the Florida Department of Environmental Protection (FDEP) under the direction of the Blue-Green Algae Task Force. The research team recently received a Phase-II grant ($590,527; INV45) from the FDEP to investigate the scalability of the proposed solution.
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How Titan maintains its atmosphere | ScienceDaily
Southwest Research Institute partnered with the Carnegie Institution for Science to perform laboratory experiments to better understand how Saturn's moon Titan can maintain its unique nitrogen-rich atmosphere. Titan is the second largest moon in our solar system and the only one that has a significant atmosphere.


						
"While just 40% the diameter of the Earth, Titan has an atmosphere 1.5 times as dense as the Earth's, even with a lower gravity," said SwRI's Dr. Kelly Miller, lead author of a paper about these findings published in the journal Geochimica et Cosmochimica Acta. "Walking on the surface of Titan would feel a bit like scuba diving."

The origin, age, and evolution of this atmosphere, which is roughly 95% nitrogen and 5% methane, has puzzled scientists since it was discovered in 1944.

"The presence of methane is critical to the existence of Titan's atmosphere," Miller says. "The methane is removed by reactions caused by sunlight and would disappear in about 30 million years after which the atmosphere would freeze onto the surface. Scientists think an internal source must replenish the methane, or else the atmosphere has a geologically short lifetime."

Miller was also the lead author of a 2019 paper published in the Astrophysical Journal that proposed a theoretical model of how the atmosphere may have developed and is replenished over the years. The paper theorizes that large amounts of highly complex organic materials are heated up in Titan's rocky interior, releasing nitrogen as well as carbon gases like methane. The gas then seeps out at the surface, where it forms a thick atmosphere around the moon. This theory is corroborated by the recent experiments that heated organic materials to temperatures of 250 to 500 Celsius at pressures up to 10 kilobars to simulate the interior conditions of Titan. The experiments produced carbon gases like carbon dioxide and methane in sufficient quantities to help supply Titan's atmospheric reservoir.

The paper is largely based on data from NASA's Cassini-Huygens spacecraft mission, which launched in 1997 and explored the Saturn system from 2004 to 2017. NASA plans to launch its next mission to the Saturnian system in 2028 with a spacecraft dubbed Dragonfly. It will include a quadcopter designed to explore Titan up close and investigate whether environments at Titan could have ever been conducive for life. Miller is working next with a global team of researchers to study the habitability of the subsurface liquid ocean.
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Vacations are good for employee well-being, and the effects are long lasting | ScienceDaily
If you're like many Americans, you probably didn't take all your vacation time this past year. Even if you did, it's highly likely you didn't fully unplug while off the clock.


						
But you might want to change that if you want to improve your health and well-being, according to a new review article from the University of Georgia.

The meta-analysis of 32 studies from nine countries suggests that not only are vacations more beneficial for boosting employee well-being than previously thought, but the positive effects of annual leave last much longer than the ride home from the airport.

"The theme of the paper is that vacations create longer-lasting benefits than previously thought," said Ryan Grant, lead author of the study and a doctoral student in psychology in UGA's Franklin College of Arts and Sciences. "Job demands and job stress are on the rise. But people think that they can't take time off because they don't want to look bad or lose out on an opportunity for promotion.

"We think working more is better, but we actually perform better by taking care of ourselves. We need to break up these intense periods of work with intense periods of rest and recuperation."

Disengage from work on vacation for maximum well-being benefits

How you vacation makes a difference in how restorative your time off is, though.




The researchers found that employees who psychologically disengaged from work on their vacations saw the most improvement in their well-being.

"If you're not at work but you're thinking about work on vacation, you might as well be at the office," Grant said. "Vacations are one of the few opportunities we get to fully just disconnect from work."

Ideally, that means not answering emails, taking work calls or even thinking about the office.

Work up a sweat on your trip

The analysis also found that people who engaged in physical activities while on vacation experienced higher levels of well-being and restoration.

But that doesn't have to mean going for a marathon hike or sweat session on holiday.




"Basically anything that gets your heart rate up is a good option," Grant said.

"Plus, a lot of physical activities you're doing on vacation, like snorkeling for example, are physical. So they're giving you the physiological and mental health benefits. But they're also unique opportunities for these really positive experiences that you probably don't get in your everyday life."

Plan time before and after vacation to decompress

The review also suggests that longer vacations offer larger benefits for employees once they head back to work.

Although longer vacation stretches appear to be more beneficial, those getting back from extended trips can also experience a steeper decline in their well-being once they're back to reality.

That's why the periods right before and immediately after vacation are key.

Giving yourself time to pack and plan your trip ahead of time reduces stress and can help maximize well-being benefits. And incorporating a day or two off to reacclimate when you get home can ease the transition back into work mode, the researchers said.

Published in Journal of Applied Psychology, the meta-analysis was co-authored by Beth Buchanan, a late Ph.D. student in UGA's Department of Psychology, and Kristen Shockley, an adjunct associate professor in UGA's Department of Psychology and an associate professor at Auburn University.
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Strong as steel, light as foam: High-performance, nano-architected materials | ScienceDaily
Researchers at the University of Toronto's Faculty of Applied Science & Engineering have used machine learning to design nano-architected materials that have the strength of carbon steel but the lightness of Styrofoam.


						
In a new paper published in Advanced Materials, a team led by Professor Tobin Filleter describes how they made nanomaterials with properties that offer a conflicting combination of exceptional strength, light weight and customizability. The approach could benefit a wide range of industries, from automotive to aerospace.

"Nano-architected materials combine high performance shapes, like making a bridge out of triangles, at nanoscale sizes, which takes advantage of the 'smaller is stronger' effect, to achieve some of the highest strength-to-weight and stiffness-to-weight ratios, of any material," says Peter Serles, the first author of the new paper.

"However, the standard lattice shapes and geometries used tend to have sharp intersections and corners, which leads to the problem of stress concentrations. This results in early local failure and breakage of the materials, limiting their overall potential.

"As I thought about this challenge, I realized that it is a perfect problem for machine learning to tackle."

Nano-architected materials are made of tiny building blocks or repeating units measuring a few hundred nanometres in size -- it would take more than 100 of them patterned in a row to reach the thickness of a human hair. These building blocks, which in this case are composed of carbon, are arranged in complex 3D structures called nanolattices.

To design their improved materials, Serles and Filleter worked with Professor Seunghwa Ryu and PhD student Jinwook Yeo at the Korea Advanced Institute of Science & Technology (KAIST) in Daejeon, South Korea. This partnership was initiated through the University of Toronto's International Doctoral Clusters program, which supports doctoral training through research engagement with international collaborators.




The KAIST team employed the multi-objective Bayesian optimization machine learning algorithm. This algorithm learned from simulated geometries to predict the best possible geometries for enhancing stress distribution and improving the strength-to-weight ratio of nano-architected designs.

Serles then used a two-photon polymerization 3D printer housed in the Centre for Research and Application in Fluidic Technologies (CRAFT) to create prototypes for experimental validation. This additive manufacturing technology enables 3D printing at the micro and nano scale, creating optimized carbon nanolattices.

These optimized nanolattices more than doubled the strength of existing designs, withstanding a stress of 2.03 megapascals for every cubic metre per kilogram of its density, which is about five times higher than titanium.

"This is the first time machine learning has been applied to optimize nano-architected materials, and we were shocked by the improvements," says Serles. "It didn't just replicate successful geometries from the training data; it learned from what changes to the shapes worked and what didn't, enabling it to predict entirely new lattice geometries.

"Machine learning is normally very data intensive, and it's difficult to generate a lot of data when you're using high-quality data from finite element analysis. But the multi-objective Bayesian optimization algorithm only needed 400 data points, whereas other algorithms might need 20,000 or more.?So, we were able to work with a much smaller but an extremely high-quality data set."

"We hope that these new material designs will eventually lead to ultra-light weight components in aerospace applications, such as planes, helicopters and spacecraft that can reduce fuel demands during flight while maintaining safety and performance," says Filleter. "This can ultimately help reduce the high carbon footprint of flying."

"For example, if you were to replace components made of titanium on a plane with this material, you would be looking at fuel savings of 80 litres per year for every kilogram of material you replace," adds Serles.




Other contributors to the project include University of Toronto professors Yu Zou, Chandra Veer Singh, Jane Howe and Charles Jia, as well as international collaborators from Karlsruhe Institute of Technology (KIT) in Germany, Massachusetts Institute of Technology (MIT) and Rice University in the United States.

"This was a multi-faceted project that brought together various elements from material science, machine learning, chemistry and mechanics to help us understand how to improve and implement this technology," says Serles, who is now a Schmidt Science Fellow at the California Institute of Technology (Caltech).

"Our next steps will focus on further improving the scale up of these material designs to enable cost effective macroscale components," adds Filleter.

"In addition, we will continue to explore new designs that push the material architectures to even lower density while maintaining high strength and stiffness."
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Study points to South America -- not Mexico -- as birthplace of Irish potato famine pathogen | ScienceDaily
Call it a mystery solved.


						
North Carolina State University researchers firmly point the finger at the South American Andes Mountains as the place where the Irish potato famine pathogen, Phtytophthora infestans, originated.

In a wide-ranging study of the genetic material found in P. infestans and other members of the Phytophthora species, the NC State researchers provide more evidence that P. infestans spread from South America to North America before wreaking havoc in Ireland in the 1840s. The pathogen still causes late-blight disease on potato and tomato plants around the world.

Much of the study's evidence compares whole genomes of P. infestans with those of close relative pathogens -- Phytophthora andina and Phytophthora betacei -- which are only found in South America. The results show that these three species are very similar.

"It's one of the largest whole-genome studies of not only P. infestans, but also the sister lineages," said Jean Ristaino, William Neal Reynolds Distinguished Professor of Plant Pathology at North Carolina State University and corresponding author of a paper in PLOS One that describes the study. "By sequencing these genomes and accounting for evolutionary relationships and migration patterns, we show that the whole Andean region is a hot spot for speciation, or where a species splits into two or more distinct species."

In recent decades, scientists have been split in their theories about the point of origin for P. infestans, with some hypothesizing a Mexico origin rather than a South American origin. Yet, the paper shows distinct differences between P. infestans and the two Mexican pathogen species, P. mirabilis and P. ipomoea.

"A lot of the search for resistance to this disease has focused on a wild potato species in Mexico -- Solanum demissum -- which was used to breed resistant potato lines that were used for the past 100 years," Ristaino said.




"It points out the importance of looking at the center of origin where a host and pathogen have evolved together over thousands of years," she said. "Climate change is bringing more drought to higher Andean elevations, so we could be losing some of these potatoes before we learn if they could provide resistance to late-blight disease." Ristaino added that more research is needed to examine wild potato species from the Andes to learn more about host resistance to P. infestans.

"Our data show that there have been more migrations of the pathogen into and out of South America, and the migrations into and out of Mexico are small in comparison," said Allison Coomber, a former NC State graduate student researcher and lead author of the paper. "We did find there was gene flow from the Andes to Mexico, and also in reverse, because there's a big Mexican potato breeding program and potatoes have gone into the Andean region in more recent times. But in historic times it was the other way around."

"Historic P. infestans -- the samples collected from 1845-1889 -- were the first to diverge from all other P. infestans populations, with modern South American and Mexican populations both showing shared ancestry derived from historic P. infestans," Ristaino said. "Modern global trade appears to contribute to mixing together the pathogen populations in South America and Mexico."

Amanda C. Saville, a research and laboratory specialist in Ristaino's lab, and Ignazio Carbone, a professor of plant pathology at NC State, also co-authored the paper, along with Michael Martin and Vanessa Bieker from the Norwegian University of Science and Technology. Funding was provided by a National Science Foundation National Research Training Grant (award number 1828820), and by two USDA APHIS Plant Protection Act 7721 grants: AP21PPQ&ST000020 and AP21PPQ&ST000062.
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Myth busted: Healthy habits take longer than 21 days to set in | ScienceDaily
We're nearly one month into 2025, but if you're struggling to hold onto your New Year's resolution, stay strong, as University of South Australia research shows that forming a healthy habit can take longer than you expect.


						
In the first systematic review of its kind, UniSA researchers found that new habits can begin forming within about two months (median of 59-66 days) but can take up to 335 days to establish.

It's an important finding that could inform health interventions to promote healthy behaviours and prevent chronic disease.

In Australia, chronic disease contributes to a large portion of the disease burden. Many conditions, including type 2 diabetes, heart disease, lung diseases and stroke, can be prevented by changing unhealthy habits or lifestyle factors.

University of South Australia researcher, Dr Ben Singh, says that contrary to popular belief, healthy habits take far longer than three weeks to lock down.

"Adopting healthy habits is essential for long-term well-being but forming these habits -- and breaking unhealthy ones -- can be challenging," Dr Singh says.

"At the beginning of the year, many of us are setting goals and making plans for the months ahead -things like being more active, cutting back on sugar, or making healthier food choices -- but while common wisdom suggests that it takes just 21 days to form such habits, these claims are not evidence-based.




"In our research, we've found that habit formation starts within around two months, but there is significant variability, with formation times ranging from four days to nearly a year.

"So, it's important for people who are hoping to make healthier habits not to give up at that mythical three-week mark."

The study of more than 2600 participants also found that certain factors can influence successful habit formation.

"When trying to establish a new healthy habit, success can be influenced by a range of things including how frequently we undertake the new activity, the timing of the practice, and whether we enjoy it or not," Dr Singh says.

"If you add a new practice to your morning routine, the data shows that you're more likely to achieve it. You're also more likely to stick to a new habit if you enjoy it.

"Planning and intending to complete a new behaviour can also help solidify a new habit, so make sure you continue to make time to include your new healthy habits into your everyday activities. This could be as easy as laying out your gym clothes the night before a morning walk or having a healthy lunch ready to go in the fridge.

"Tailoring habit-building strategies into our day and making plans on how we can achieve them, will put you in a position for success."

While more research is needed, researchers say that these findings can guide public health initiatives and personalised programs that support sustained and healthy behaviour change.

Additional stats:
    	Fruit and vegetables: 6/10 Australian adults do not eat enough fruit; only 1/15 Australian adults eat enough vegetables.
    	Physical activity: 83% of Australian teenagers, 37% of adults; and 57% of older adults (65+) do not meet physical activity guidelines.
    	Obesity: 14 million Australians (2 in 3 adults, and 1 in 4 children) are living with overweight or obesity.
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New evidence pushes back arrival of early hominins in Europe | ScienceDaily
Research led by Ohio University Associate Professor of Anthropology Dr. Sabrina Curran(opens in a new window) reveals new evidence of early hominin activity in Europe, suggesting that hominins were present on the continent far earlier than previously thought.


						
The team of researchers, also led by co-principal investigators Dr. Alexandru Petculescu, of the "Emil Racovita" Institute of Speleology, Romanian Academy in Bucharest, Romania and Dr. Claire E. Terhune, an associate professor in the Department of Anthropology at the University of Arkansas, have uncovered multiple cut marked bones that appear to have been made by early hominins using stone tools at the site of Graunceanu, Romania. These cut marks, dating to approximately 1.95 million years ago, represent some of the earliest evidence of tool use and meat processing in Eurasia.

The discovery, published in Nature Communications, sheds new light on the timing and extent of hominin dispersal across Eurasia. While previous evidence indicated hominin presence in Dmanisi, Georgia, around 1.8 million years ago, the discovery at Graunceanu pushes this timeline even further back, suggesting that hominins may have been present in Eurasia by at least 2 million years ago.

"The discovery of these cut marks is significant because it pushes back the timeline of hominin activity in Eurasia," Curran said. "While evidence of stone tools has been found in other parts of the world, the presence of these marks on bones offers a rare and valuable glimpse into the behavior of early human ancestors."

Curran and team's research builds on decades of previous excavations in Romania, where major fossil discoveries were made in the 1960s and 1980s. The bones, which had been curated in the "Emil Racovita" Institute of Speleology and the Museum of Oltenia, were largely overlooked until recent re-examinations by Curran and her international team.

"We didn't initially expect to find much," Curran explained. "But during a routine check of the collections we found several cut marked bones. This led to further investigation in collaboration with Dr. Briana Pobiner of the Smithsonian Institution and Dr. Michael Pante, of Colorado State University, and the discovery of other distinct marks across different bones, suggesting deliberate butchering activities."

The discovery is especially notable because it predates the well-known Dmanisi site in Georgia -- previously considered the earliest evidence of hominin activity outside of Africa -- by roughly 200,000 years. This new finding places Romania as a crucial location for understanding the spread and behaviors of early human ancestors.




The findings are supported by biostratigraphic data and high-resolution U-Pb dating techniques, which have established the site's age with remarkable precision. In addition, Dr. Virgil Dragusin and the team used isotope analysis to reconstruct the environments that these hominins would have experienced in this area at the time. Those results indicate that the region would have experienced seasonal fluctuations in temperature, much like today, but perhaps with increased levels of rainfall.

According to Curran, this discovery has significant implications for our understanding of human evolution, suggesting that early hominins may have had a widespread presence across Eurasia long before the more established hominin sites in Europe.

"The Graunceanu site represents a pivotal moment in our understanding of human prehistory, Curran said. "It demonstrates that early hominins had already begun to explore and inhabit diverse environments across Eurasia, showing an adaptability that would later play a crucial role in their survival and spread."

In addition to the cut-marked bones, Curran's team has also uncovered fossils of a wide range of species that lived in Romania at the time, shedding light on the environment in which these early humans lived. The site, which once hosted a diverse range of species, has yielded fossils of saber-toothed cats, giraffes, and even an extinct species of pangolin. This finding highlights the extraordinary biodiversity of the region during the early Pleistocene.

"The evidence coming out of Romania suggests that early hominins were much more adaptable than we previously thought," Curran added. "These early humans were capable of surviving and thriving in a variety of environments."

In addition to being published in Nature Communications, Curran and her team will present their findings at the American Association of Biological Anthropologists (AABA) conference in March 2025.

"The history of human evolution is far more complex and intricate than we could have imagined, and we are just beginning to uncover the many chapters of that story."
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Progress and challenges in brain implants | ScienceDaily

The research and development of neuroprostheses has entered a phase in which experiments on animal models are being followed by tests on humans. Only recently, reports of a paraplegic patient in the USA who was implanted with a brain chip as part of a clinical trial caused a stir. With the help of the implant, the man can control his wheelchair, operate the keyboard on his computer and use the cursor in such a way that he can even play chess. About a month after the implantation, however, the patient realised that the precision of the cursor control was decreasing and the time between his thoughts and the computer actions was delayed. "The problem could be partially, but not completely, resolved -- and illustrates just one of the potential challenges for research into this technology," explains study author Stanisa Raspopovic from MedUni Vienna's Center for Medical Physics and Biomedical Engineering, who published the paper together with Marcello Ienca (Technical University of Munich) and Giacomo Valle (ETH Zurich). "The questions of who will take care of the technical maintenance after the end of the study and whether the device will still be available to the patient at all after the study has been cancelled or completed are among the many aspects that need to be clarified in advance in neuroprosthesis research and development, which is predominantly industry-led."

Protection of highly sensitive data

Neuroprostheses establish a direct connection between the nervous system and external devices and are considered a promising approach in the treatment of neurological impairments such as paraplegia, chronic pain, Parkinson's disease and epilepsy. The implants can restore mobility, alleviate pain or improve sensory functions. However, as they form an interface to the human nervous system, they also have an effect on a psychological level: "They can influence consciousness, cognition and affective states and even free will. This means that conventional approaches to safety and efficacy assessment, such as those used in clinical drug trials, are not suitable for researching these complex systems. New models are needed to comprehensively evaluate the subjective patient experience and protect the psychological privacy of the test subjects," Raspopovic points out.

The special technological features of neuroimplants, in particular the ability to collect and process neuronal data, pose further challenges for clinical validation and ethical oversight. Neural data is considered particularly sensitive and requires an even higher level of protection than other health information. Unsecured data transmission, inadequate data protection guidelines and the risk of hacker attacks are just some of the potential vulnerabilities that require special precautions in this context. "The use of neural implants cannot be reduced to medical risks," summarises Stanisa Raspopovic. "We are only in the initial phase of clinical studies on these technological innovations. But questions of ethical and scientific diligence in dealing with this highly sensitive topic should be clarified now and not only after problems have arisen in test subjects or patients."
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Finding better photovoltaic materials faster with AI | ScienceDaily
Perovskite solar cells are a flexible and sustainable alternative to conventional silicon-based solar cells. Researchers at the Karlsruhe Institute of Technology (KIT) are part of an international team that was able to find -- within only a few weeks -- new organic molecules that increase the efficiency of perovskite solar cells. The team used a clever combination of artificial intelligence (AI) and automated high-throughput synthesis. Their strategy can also be applied to other areas of materials research, such as the search for new battery materials.


						
In order to find out which of a million different molecules would conduct positive charges and make perovskite solar cells particularly efficient, one would need to synthesize and test all of them -- or do as the researchers headed by Tenure-track Professor Pascal Friederich, who specializes in the applications of AI in materials science at KIT's Institute of Nanotechnology, and Professor Christoph Brabec from the Helmholtz Institute Erlangen-Nurnberg (HI ERN). "With only 150 targeted experiments, we were able to achieve a breakthrough that would otherwise have required hundreds of thousands of tests. The workflow we have developed will open up new ways to quickly and economically discover high-performance materials for a wide range of applications," Brabec said. With one of the discovered materials, they increased the efficiency of a reference solar cell by approximately two percentage points to 26.2 percent. "Our success shows that enormous amounts of time and resources can be saved by applying skillful strategies for the discovery of new energy materials," Friedrich said.

The starting point at HI ERN was a database with structural formulae for approximately one million virtual molecules that could be synthesized from commercially available substances. From these virtual molecules, 13,000 were selected at random. The KIT researchers used established quantum mechanical methods to determine their energy levels, polarity, geometry and other properties.

Training AI with Data from Just 101 Molecules

From the 13,000 molecules, the scientists chose 101 with the greatest differences in their properties, synthesized them with robotic systems at HI ERN, used them to produce otherwise identical solar cells, and then measured the efficiency of the solar cells. "Being able to produce truly comparable samples thanks to our highly automated synthesis platform, and thus being able to determine reliable efficiency values, was crucial to our strategy's success," said Brabec, who headed the work at HI ERN.

The researchers at KIT used the achieved efficiencies and the properties of the associated molecules to train an AI model, which suggested 48 other molecules to synthesize. Its suggestions were based on two criteria: high expected efficiency and unforeseeable properties. "When the machine learning model is uncertain about the predicted efficiency, it's worthwhile to synthesize the molecule and take a closer look at it," Friederich said, explaining the second criterion. "It might surprise us with a high efficiency level."

Using the molecules suggested by the AI, it was indeed possible to build solar cells with above-average efficiency, including some exceeding the capabilities of the most advanced materials currently used. "We can't be sure we've really found the best one of a million molecules, but we're certainly close to the optimum," Friederich said.




AI Versus Chemical Intuition

Since the researchers used an AI that indicates which of the virtual molecules' properties its suggestions were based on, they were able to gain some insight into the molecules it suggested. For example, they determined that the AI-suggestions are based in part on the presence of certain chemical groups, such as amines, that chemists had previously neglected.

Brabec and Friederich believe that their strategy holds promise for other applications in materials science or can be extended to the optimization of entire components.

The findings, which are the result of research conducted in collaboration with scientists from FAU Erlangen-Nurnberg, South Korea's Ulsan National Institute of Science, and China's Xiamen University and University of Electronic Science and Technology, were published recently in the journal Science.
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Boosting this molecule could help retain muscle while losing fat | ScienceDaily
About one in eight adults in the United States has tried or currently uses a GLP-1 medication, and a quarter of those users cite weight loss as their main goal. But weight loss doesn't discriminate between fat and muscle. Patients using GLP-1 drugs can experience rapid and substantial muscle loss, accounting for as much as 40% of their total weight loss. So how can we lose weight without also losing critical muscle?


						
A new study from the Salk Institute has revealed that a protein called BCL6 is key to maintaining healthy muscle mass. The experiments showed that mice with lower levels of BCL6 had significantly reduced muscle mass and strength, but increasing BCL6 successfully reversed those losses. The results suggest that pairing GLP-1 medications with a BCL6-boosting drug may help counteract unwanted muscle loss. Similar therapies could also be used to treat other populations prone to muscle loss, such as older adults and patients with systemic diseases like sepsis or cancer.

The findings were published in Proceedings of the National Academy of Sciences on January 22, 2025.

"Muscle is the most abundant tissue in the human body, so its maintenance is critical to our health and quality of life," says Ronald Evans, professor and director of the Gene Expression Laboratory at Salk. "Our study reveals how our bodies coordinate the upkeep of all this muscle with our nutrition and energy levels, and with this new insight, we can develop therapeutic interventions for patients losing muscle as a side effect of weight loss, age, or illness."

Going too long without eating puts your body in a fasted state. When this happens, your empty stomach sends a hormone called ghrelin to your brain to say, "I'm hungry!"The brain responds by releasing growth hormone into the rest of your body, where it regulates growth and metabolism in your many cells, tissues, and organs. As it travels through your body, growth hormone latches on to cells and directs them to make another protein called insulin-like growth factor 1 (IGF1), which then does the important work of controlling muscle growth.

In the time between growth hormone's arrival and IGF1 synthesis, there is a complex web of proteins that determine how much IGF1 is made. One such protein is SOCS2, which slows down IGF1 production. Without SOCS2, IFG1 production runs out of control and causes gigantism. On the other hand, too much SOCS2 means not enough IFG1, leading to losses in body size and strength.

Still, SOCS2 is only one player in the path between growth hormone and IGF1. To protect people from rapid muscle loss, Salk scientists needed to get a clearer picture of the mechanisms underlying muscle maintenance. In search of other potential players, the researchers scoured a national database of human tissue samples and noticed an abundance of BCL6 in muscle cells -- a clue that it may play an important role in this process.




To determine whether BCL6 was involved in muscle maintenance, the team compared mice with and without functional BCL6 proteins. Mice lacking BCL6 had 40% less muscle mass than their healthy counterparts, and the muscle they did have was compromised both in structure and function. However, when the researchers increased the expression of BCL6 in the animals' muscles, this successfully reversed the losses in muscle mass and strength. And when they compared normal mice and those that had fasted overnight, they found fasting mice had less BCL6 in their muscles.

Clearly, BCL6 was controlling muscle maintenance -- but how?

Through a series of subsequent experiments, the steps along the path became clear. Fasting promotes the secretion of growth hormone, which reduces BCL6 levels in muscle cells. BCL6 is a regulator of SOCS2, so less BCL6 leads to less SOCS2. At normal levels, this allows BCL6 to control how much SOCS2 is expressed and therefore how much IGF1 is made. In animals without BCL6, the lack of control over SOCS2 slowed IGF1 production so much that muscles became weaker and smaller.

"We are excited to reveal BCL6's important role in maintaining muscle mass," says first author of the study Hunter Wang, a postdoctoral researcher in Evans' lab. "These were very surprising and special findings that open the door for a lot of new discoveries and potential therapeutic innovations."

For GLP-1 patients hoping to lose weight while retaining muscle mass, it's possible that a BCL6-boosting injectable could hit the market one day. In the meantime, the researchers plan to investigate what effects longer-term fasting has on BCL6 and muscle maintenance. Wang also notes that hormones tend to operate in cycles and that BCL6 naturally rises and falls with a strong circadian rhythm. A better understanding of this pattern may help further elucidate BCL6's relationship with growth hormone and muscle growth.

Other authors include Hui Wang, Weiwei Fan, Sihao Liu, Kyeongkyu Kim, Satoshi Ogawa, Hyun Gyu Kang, Jonathan Zhu, Gabreila Estepa, Mingxiao He, Lillian Crossley, Morgan Truitt, Ruth Yu, Annette Atkins, and Michael Downes of Salk; Ayami Matsushima of Kyushu University; Christopher Liddle of University of Sydney; and Minseok Kim of Daegu Gyeongbuk Institute of Science and Technology.

The work was supported by the National Institutes of Health (P01 HL147835, DK057978, DK120515, CCSG P30 CA23100, CCSG P30 CA014195, CCSG P30 CA014195, P30 AG068635), Department of the Navy Office of Naval Research (N00014-16-1-3159), Larry Hillblom Foundation (2021-D-001-NET), Wu Tsai Human Performance Alliance, American Heart Association (916787), Salk GT3 (RRID:SCR_014847) and Waitt Advanced Biophotonics (RRID:SCR_014838) Core Facilities, San Diego Nathan Shock Center, Henry L. Guenther Foundation, and Waitt Foundation.
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'Buzz me in:' Bees wearing itty bitty QR codes reveal hive secrets | ScienceDaily
Several hundred bees in rural Pennsylvania and rural New York are sporting tiny QR codes on their backs. More than the latest in apiarian fashion, the little tags serve a scientific purpose: tracking when bees go in and out of their hives to better understand how long honey bees spend foraging for food outside of their hives. The work, a collaboration among entomologists and electrical engineers at Penn State, is the first step in solving a long-standing mystery of how far bees travel from their hives to collect pollen and nectar.


						
So far, the researchers have learned that while most trips outside of the hive last mere minutes, a small minority of bees can spend more than two hours away. The team said they expect to learn much more, thanks to the system they developed to track honey bees' time out of the hive.

"This technology is opening up opportunities for biologists to study systems in ways that weren't previously possible, especially in relation to organic beekeeping," said Margarita Lopez-Uribe, the Lorenzo L. Langstroth Early Career Professor, associate professor of entomology and author on the paper published in HardwareX, an open-access journal that details the exact equipment and methods researchers use in their work so that it might be replicated or built upon by others. "In field biology, we usually just look at things with our eyes, but the number of observations we can make as humans will never scale up to what a machine can do."

Like workers at a high-security building, the bees "buzz" their way in and out of the hive, flashing the pass on their back. They have free access, but they are digitally tracked via an automated imaging system the team developed to monitor when bees leave the hive and when they return via a customized entrance with a camera sensor. The QR codes glued to bees' backs are known as fiduciary tags, which carry the smallest amount of identification information and can be quickly detected and logged via the imaging system, even in low-resolution conditions. The system is a break with conventional entomology field work in which researchers visually observe bees for limited periods, enabling far more comprehensive and expanded observations, the researchers said.

Barriers to organic beekeeping

In general, organic beekeeping means that hives are kept free of chemical pesticides, herbicides and synthetic chemical treatments, and are situated away from polluted areas. While the U.S. Department of Agriculture's National Organic Standards Board recommended specific standards for certifying honey and other bee products as "organic" in 2010, they were never passed. Honey bees are capable of flying long distances when they need to -- estimated to be able to fly up to 10 kilometers from their hive -- but the team hypothesized that such distance is uncommon and bees generally fly much shorter distances, perhaps less than one kilometer, according to Lopez-Uribe. As such, the forage and surveillance zone requirements recommended for organic beekeeping in 2010 may be unnecessarily large.

That could change with a better, more precise understanding of bee foraging range, the researchers said. Honey bees communicate where the food sources are to other bees in the colony with a physical behavior called the "waggle dance." Lopez-Uribe said researchers spend significant time observing and attempting to decode the waggle dance to determine how far bees travel from their colonies -- a process that could be aided by accurately tracking how long individual bees spend foraging.




"The waggle dance is the best source of information that we have about bee foraging, but that's based on human observations, with maybe an hour of observations made once a day over two weeks. So, we approached the electrical engineering team to see if there might be technology that could better make these observations," Lopez-Uribe said. "The goal is to understand if that 10-kilometer estimation is biologically accurate. Can we determine exactly how far honey bees travel from their hives?"

Buddying up for the bees

The entomologists turned to Julio Urbina, professor of electrical engineering and co-corresponding author on the study, who tapped Diego Penaloza-Aponte, a doctoral student in electrical engineering and co-corresponding author on the study.

"There wasn't anything available like this before," Urbina said. "This paper is the first step moving forward in the right direction, with opportunities to do more -- in large part because of the growing synergy across our teams."

The researchers emphasized that this was not a collaboration of silos, where biologists and engineers pieced together separate contributions. Rather, the experts spent time as novices in each other's disciplines to better understand the specific needs and limitations. The electrical engineers worked in the field, learning first-hand how to handle and monitor bees, while the entomologists visited the lab to learn what considerations go into designing and building automated technology.

"Systems built in the past to monitor bees were developed to run in or near controlled laboratory environments," Penaloza-Aponte said. "Our goal was to develop something that could run in a rural environment, away from the lab, on solar power and to make everything open source. Anyone can use this system and modify it."

According to Penaloza-Aponte, access was also of concern. All of the equipment used is commercially available and cost less than $1,500 in total per apiary, which includes six colonies.




Buzzing with new knowledge

The researchers used AprilTags, a QR code smaller than a person's pinky nail that could be glued to the worker bee without impeding her movement or causing harm. Every two weeks throughout the active spring and summer season, the team tagged 600 young bees that had just emerged from their cells across six colonies. In total, they tagged over 32,000 bees across six apiaries.

"We targeted young bees so we could track their age more accurately, especially when they start to fly and when they stop," said Robyn Underwood, Penn State Extension educator in apiculture and co-author on the paper. She explained that young bees are also softer and don't sting yet, so they're easier to handle. "Once the bee was old enough to fly, it would leave the colony and be seen under the camera. In real time, our sensor would read the QR code and capture the bee ID, date, time, direction of movement -- leaving or entering the hive -- and the temperature. Throughout the season, we could track individual bees. When did she leave? When did she come back? What was she up to?"

The researchers found that most trips typically lasted one to four minutes, which could be to check the weather prior to foraging or to defecate outside of the hive. Longer trips typically lasted less than 20 minutes, but 34% of the tagged bees spent more than two hours away from the hive. This could reflect an unusually long foraging trip, a bee who never returned to the hive or a missed detection if the bee entered the hive upside down, the researchers said. During some weeks, with fewer flowers available, more bees spent more time foraging, likely because they had to travel farther to find adequate food.

"We also found that bees are foraging for a lot longer over their lifetimes than initially thought," said Underwood, explaining that honey bees are believed to live for about 28 days. "We're seeing bees foraging for six weeks, and they don't start foraging until they are already about two weeks old, so they live a lot longer than we thought."

The cameras at each hive, running 24 hours a day and seven days a week, were each connected to a microcomputer, and the researchers uploaded the data to their laptops at weekly visits.

The researchers encountered an expected issue early in the monitoring -- bees loitering in the hive entrance. The camera would detect their individual QR codes upwards of hundreds of times in a day.

"Turns out, some bees just like hanging out in the entrance, and the camera will read them every time they walk by," Diego said. "That's why the programming is so handy. It can cut that outlier data and help make sure we're tracking what's actually meaningful."

Waggling into the future

The researchers are now collaborating with a team at Virginia Tech to assess how foraging duration times match decoded waggle dances. Next, the researchers said they hope to tag and track other bee species, as well as other types of honey bees, such as drone bees or queen bees to learn more about those aspects of the colony. They also plan to host workshops for scientists and beekeepers to learn how to build and use their own monitoring systems.

Other co-authors on this paper include Sarabeth Brandt, doctoral student in electrical engineering, and Selina Bruckner, postdoctoral scholar in entomology, Penn State; Erin Dent, an undergraduate student at Texas A&M University who participated on the project as a Project Drawdown scholar in summer of 2023; and Benedict DeMoras, with the Department of Entomology at Cornell University. This team is also collaborating with Margaret Couvillon and Lindsay Johnson, with the Department of Entomology at Virginia Tech; and Scott McArt, with the Department of Entomology at Cornell University.

The U.S. Department of Agriculture's National Institute of Food and Agriculture funded this work.
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New tool enables phylogenomic analyses of entire genomes | ScienceDaily
Researchers led by electrical engineers at the University of California San Diego have developed a better way to perform the comparative analysis of entire genomes. This approach can be used to study relationships between different species across geological time scales.


						
This new approach is poised to unlock discoveries regarding how evolution has shaped present-day genomes and also how the tree of life is organized. The new method, named CASTER, is described in a paper published in Science on 23 January 2025.

CASTER is poised to offer biologists a far more scalable approach than state-of-the-art for comparing full genomes. This is especially relevant given the exploding number of sequenced genomes of both living and also extinct species. All these genomes are available for comparative study through phylogenomic analyses. CASTER provides interpretable outputs that will help biologists understand not only the species relationships but also the mosaic of evolutionary histories across the genome.

"Since the early 2000s, countless studies have claimed 'genome-wide' phylogeny reconstruction; however, these have been all based on subsampling regions scattered across the genomes, totalling only a small fraction of each full genome that is part of any given study. Analyzing all genomic positions while using complex models had seemed out of reach," said Siavash Mirarab, an electrical engineering professor at UC San Diego and the corresponding author of the new paper in Science "What excites me is that we can now perform truly genome-wide analyses using every base pair aligned across species with widely available computational resources."

"Arriving at this milestone required combined efforts from many disciplines, including statistics, computer science, and biology," said Chao Zhang, the first author on the new Science paper. Zhang completed his PhD at UC San Diego in the Bioinformatics and Systems Biology program. He is now on the faculty of the University of Copenhagen.
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Uncovering the role of Y chromosome genes in male fertility in mice | ScienceDaily
Researchers at the Crick have uncovered which genes on the Y chromosome regulate the development of sperm and impact fertility in male mice. This research could help us understand why some men don't produce enough sperm and are infertile.


						
Males typically have one copy of the Y chromosome and one copy of the X chromosome, whereas females typically have two X chromosomes. Scientists know that the Y chromosome is essential for male fertility, but which genes are the most important and how they work is less clear.

In research published today in Science, a research team at the Crick resolved this question by generating thirteen different mouse models, each with different Y genes removed, and investigated their fertility.

The researchers studied the ability of these adult mice to reproduce, including looking at the number of offspring, number of sperm produced and the appearance and motility of the sperm.

They found that several Y genes were critical for reproduction. If these genes were removed, the mice couldn't produce young, due to absence or reduced number of sperm, failure to produce a reservoir of sperm stem cells or abnormal sperm shape or movement.

Interestingly, some other genes had no impact when removed individually, but did lead to the production of abnormal sperm when removed together.

This was the case for a group of three genes which model a region of the chromosome called AZFa in humans. AZFa deletions are a common cause of the most severe cases of male infertility, but it has been hard to tell which genes in the region are responsible.




The results suggest that many Y genes play a role in fertility and can compensate for each other if one gene is lost. This also means that some cases of infertility likely result from multiple genes being deleted at the same time.

As well as regulating sperm generation, some Y genes are also active in other organs, like the heart and the brain, where they may be very important. Also, as they age, some men can lose their Y chromosomes in blood due to errors in cell division. This loss is associated with conditions like Alzheimer's disease or cancer, so the lab is now aiming to understand what happens in other organs in the mice with Y gene deletions.

Jeremie Subrini, Postdoctoral Research Assistant in the Sex Chromosome Biology Laboratory at the Crick, and first author, said: "Our research has shown that more Y genes are required for mouse fertility than first thought. We saw that some genes are crucial, but others have a cumulative effect. Historically, the Y chromosome has been misunderstood. For a long time, it wasn't thought to be essential in adults, and some even hypothesised that it was going to disappear altogether. We now know that this is clearly not the case!"

James Turner, Principal Group Leader of the Sex Chromosome Biology Laboratory at the Crick, and senior author, said: "Infertility is a big problem, with 1 in 6 couples struggling to conceive. In a significant proportion of cases, genetic factors, particularly those involving the Y chromosome, are the cause. However, the details have been difficult to pinpoint, partly because sequencing and studying the Y chromosome has been technically challenging.

"Now that we've shed light on the Y genes, it will be important to start sequencing the Y chromosome in more individuals, to potentially uncover unexplained causes of male infertility. With more research, we may be able to one day replace missing genes in the cells that make sperm to help couples have children through IVF."
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Super enzyme that regulates testosterone levels in males discovered in 'crazy' bird species | ScienceDaily
A single gene that regulates testosterone levels in a "crazy" species of shore bird controls the development of three wildly different types of males, an international study involving researchers at Simon Fraser University has found.


						
Ruffs have long fascinated scientists for their three types of males, known as morphs, that differ radically from each other in appearance and mating behaviours.

A new study published on the cover of the journal Science this month has discovered that these morphs are produced by a super enzyme (HSD17B2) in the blood of the birds that's able to regulate testosterone levels in males and rapidly break down the hormone normally associated with male dominance and aggression.

"The species is crazy, with three kinds of outlandish looking and behaving males," says David Lank, a biologist at SFU who has studied ruffs for 40 years and whose team first discovered the testosterone differences between the morphs. "This paper explains a lot about the genetic and physiological process that control the development of the three types."

Most male ruffs are known as "independents" and are known for their striking, darker breeding plumage and aggressive defense of small mating areas to impress females, who provide all parental care. "Satellites" are smaller and have lighter coloured plumages, and form alliances with independents to co-display to females. Although they cooperate to some extent, each male is still attempting to mate with as many females as possible.

A third morph, "faeders," take an ingenious approach. It forgoes plumage and display behaviour altogether, thereby disguising themselves as females, which lets them sneak unnoticed into mating arenas.

For the satellites and faeders, whose strategies aren't based on aggressive behaviour, too much testosterone is counterproductive. Earlier studies had shown that both types of males have significantly lower testosterone levels in their blood.




The new paper identifies the exact gene that produces the super enzyme controlling testosterone levels throughout the body, except in the testes. Testosterone is still needed there for males to produce competitive sperm.

Lank says ruffs are unique in having three male morphs and showing chromosomal inversions, but the hormonal mechanics apply generally to all vertebrates, including humans.

He says a special form of the steroid hormone gene identified in the paper might one day have therapeutic uses for humans, though more study is required.

"HSD17B2 is three to four times as efficient in converting testosterone in androstenedione," he says. "This raises the possibility of treating people with some hyper-testosterone disorders with this form of enzyme, or a synthetic enzyme designed based on its structure."

The study was led by researchers at Germany's Max Planck Institute for Biological Intelligence, in collaborating with scientists at SFU, FU Berlin, University of Vienna, and Helmholtz Munich.
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Bacteria found to eat forever chemicals -- and even some of their toxic byproducts | ScienceDaily
In the quest to take the "forever" out of "forever chemicals," bacteria might be our ally.


						
Most remediation of per- and polyfluoroalkyl substances (PFAS) involves adsorbing and trapping them, but certain microbes can actually break apart the strong chemical bonds that allow these chemicals to persist for so long in the environment.

Now, a University at Buffalo-led team has identified a strain of bacteria that can break down and transform at least three types of PFAS, and, perhaps even more crucially, some of the toxic byproducts of the bond-breaking process.

Published in this month's issue of Science of the Total Environment, the team's study found that Labrys portucalensis F11 (F11) metabolized over 90% of perfluorooctane sulfonic acid (PFOS) following an exposure period of 100 days. PFOS is one of the most frequently detected and persistent types of PFAS and was designated hazardous by the U.S. Environmental Protection Agency last year.

The F11 bacteria also broke down a substantial portion of two additional types of PFAS after 100 days: 58% of 5:3 fluorotelomer carboxylic acid and 21% of 6:2 fluorotelomer sulfonate.

"The bond between carbon and fluorine atoms in PFAS is very strong, so most microbes cannot use it as an energy source. The F11 bacterial strain developed the ability to chop away the fluorine and eat the carbon," says the study's corresponding author, Diana Aga, PhD, SUNY Distinguished Professor and Henry M. Woodburn Chair in the Department of Chemistry, within the UB College of Arts and Sciences, and director of the UB RENEW Institute.

Unlike many prior studies on PFAS-degrading bacteria, Aga's study accounted for shorter-chain breakdown products -- or metabolites. In some cases, F11 even removed fluorine from these metabolites or broke them down to minute, undetectable levels.




"Many previous studies have only reported the degradation of PFAS, but not the formation of metabolites. We not only accounted for PFAS byproducts but found some of them continued to be further degraded by the bacteria," says the study's first author, Mindula Wijayahena, a PhD student in Aga's lab.

The work was supported by the National Institute of Environmental Health Sciences, part of the National Institutes of Health. Other collaborators include the Catholic University of Portugal, the University of Pittsburgh and the Waters Corp.

Picky eaters learn to like PFAS

PFAS are a group of ubiquitous chemicals widely used since the 1950s in everything from nonstick pans to fire-fighting materials.

They're far from the meal of choice for any bacterium, but some that live in contaminated soil have mutated to break down organic contaminants like PFAS so that they can use their carbon as an energy source.

"If bacteria survive in a harsh, polluted environment, it's probably because they have adapted to use surrounding chemical pollutants as a food source so they don't starve," Aga says. "Through evolution, some bacteria can develop effective mechanisms to use chemical contaminants to help them grow."

The bacterial strain used in this study, F11, was isolated from the soil of a contaminated industrial site in Portugal and had previously demonstrated the ability to strip fluorine from pharmaceutical contaminants. However, it had never been tested on PFAS.




Collaborators from the Catholic University of Portugal placed F11 in sealed flasks with no carbon source aside from 10,000 micrograms per liter of PFAS. Following incubation periods of between 100 to 194 days, the samples were then shipped to UB, where analysis revealed that F11 had degraded some of the PFAS.

The elevated levels of fluoride ions detected in these samples indicated that F11 had detached the PFAS' fluorine atoms so that the bacteria could metabolize the carbon atoms.

"The carbon-fluorine bond is what makes PFAS so difficult to break down, so to break them apart is a critical step. Crucially, F11 was not only chopping PFOS into smaller pieces, but also removing the fluorine from those smaller pieces," Wijayahena says.

Some of the metabolites left behind still contained fluorine, but after being exposed to PFOS for 194 days, F11 had even removed fluorine from three PFOS metabolites.

"As a caveat, there could be other metabolites in these samples so miniscule that they elude current detection methods," Aga says.

Making PFAS a desirable menu item

While UB researchers say their study is a good start, they caution that the F11 took 100 days to biodegrade a significant portion of the supplied PFAS, and there were no other carbon sources available for consumption.

The team now plans to research how to encourage F11 to consume PFAS faster, even when there are competing energy choices that could increase their growth rate.

"We want to investigate the impact of placing alternative carbon sources alongside the PFAS. However, if that carbon source is too abundant and easy to degrade, the bacteria may not need to touch the PFAS at all," Aga says. "We need to give the F11 colonies enough food to grow, but not enough food that they lose the incentive to convert PFAS into a usable energy source."

Eventually, F11 could be deployed in PFAS-contaminated water and soil. This might involve creating conditions to grow the strain within activated sludge at a wastewater treatment plant, or even injecting the bacteria directly into the soil or groundwater of a contaminated site, a process called bioaugmentation.

"In wastewater- activated sludge systems, you could accelerate removal of undesired compounds by adding a specific strain to the existing bacterial consortium in the treatment plants," Aga says. "Bioaugmentation is a promising method that has not yet been explored for PFAS remediation in the environment."
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        Topical mupirocin lowers lupus inflammation
        Systemic lupus erythematosus commonly presents as a rash. The rashes are caused by inflammation from the immune system fighting the body.

      

      
        Study finds three new safe, effective ways to treat drug-resistant tuberculosis
        Study finds three new safe and effective drug regimens to fight multidrug-resistant TB. The treatments, which include recently discovered TB drugs, give new options for shorter, personalized treatment and are cleared for use for more people than ever.

      

      
        A weekly injection could replace painful daily treatment for rare fat disorder
        A diabetes drug may beat costly shots for patients with a rare genetic condition, according to a Rutgers Health study.

      

      
        Changing cholesterol over time tied to risk of dementia
        Older adults whose cholesterol changes over time may be more likely to develop dementia than people whose cholesterol is stable, regardless of the actual cholesterol level, according to a new study.

      

      
        The benefits of speaking multiple languages
        New psychology research indicates that multilingual children may have enhanced executive function and perspective taking skills.

      

      
        Scientists 'mimic real biological processes' using synthetic neurons
        A new collaboration has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons.

      

      
        Diagnostic stewardship optimizes detection of appendicitis
        Although the delayed diagnosis of appendicitis is dangerous, over-testing can also be harmful.

      

      
        Researchers uncover key insights into how the body protects against neuron damage
        New research on nematodes reveals how glial cells maintain and monitor neuronal dendrites.

      

      
        New insights into the perception of coffee taste -- genetic predisposition plays a role
        Why does coffee taste more bitter to some people than it does to others? Researchers have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.

      

      
        Weather change linked to increased risk of Salmonella outbreaks
        Climate change is impacting the spread of Salmonella, according to new research. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.

      

      
        Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics
        A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers.

      

      
        Better nurse staffing linked to fewer C-sections
        Labor and delivery units that are adequately staffed by nurses have lower cesarean birth rates, according to new research published in the journal Nursing Outlook.

      

      
        Guided self-help makes treating children with obesity easier and more affordable
        According to a new study, self-guided family therapy for obesity could work just as well as traditional approaches at a fraction of the cost.

      

      
        No differences between dementia care approaches on patient behavioral symptoms or caregiver strain
        Research comparing different approaches to dementia care for people with Alzheimer's disease and other dementias found no significant differences in patient behavioral symptoms or caregiver strain, whether delivered through a health system, provided by a community-based organization, or as usual care over an 18-month period -- but did improve caregiver confidence in managing dementia-related challenges.

      

      
        Advanced brain circuit-mapping technique reveals new anxiety drug target
        Investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        Relative of deadly Hendra virus found in the US
        Researchers have identified the first henipavirus in North America.

      

      
        Urine-based test detects aggressive prostate cancer
        The test can differentiate between various grades of cancer, helping men avoid unnecessary biopsies.

      

      
        New structures of a critical amyloid protein illuminated
        The tiny protein known as transthyretin can cause big problems in the body when it misfolds after secretion. While healthy transthyretin moves hormones through blood and spinal fluid, misfolded versions of the protein form dangerous clumps in the heart and along nerves -- triggering a progressive and fatal disease known as transthyretin amyloidosis (ATTR). Up to a quarter of all men over the age of 80 have some degree of ATTR, which can cause shortness of breath, dizziness and tingling or loss of...

      

      
        Calorie labels on menus could make eating disorders worse
        Calorie labels on restaurant menus are negatively impacting people with eating disorders, according to a new study. The review found that individuals who have been diagnosed with an eating disorder changed their behaviors if presented with a menu featuring calorie labels.

      

      
        Moderate exercise keeps appetite at bay
        A recent study has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.

      

      
        Microbial therapy offers new hope for vitiligo patients
        A natural compound derived from gut-friendly bacteria significantly slows the progression of vitiligo and may restore pigmentation, reports a new pre-clinical study in mice.

      

      
        New clues to the mechanism behind food tolerance and allergies
        Study reveals how immune cells in the gut distinguish between food and harmful pathogens, shedding light on the origins of both food allergies and intestinal diseases.

      

      
        Routine brain MRI screening in asymptomatic late stage breast cancer patients
        A new study shows that asymptomatic brain metastasis is more common in stage 4 breast cancer patients than previously believed. The study suggests that doctors may need to rethink current screening guidelines for detecting brain metastasis in patients without symptoms.

      

      
        Inherited gene elevates prostate cancer risk in affected families
        The inherited mutated gene WNT9B, which functions normally in embryonic prostate development, increases risk of adult prostate cancer, according to a new study.

      

      
        Testing the effect of thousands of compounds on cellular metabolism
        Researchers are able to test in parallel the effects of over 1500 active substances on cell metabolism. Their analysis also led to the discovery of previously unknown mechanisms for known medications. This approach might help scientists to better predict side effects and find additional uses for commercially available pharmaceuticals.

      

      
        Blood test could guide use of anti-inflammatory drug celecoxib to reduce risk of colon cancer recurrence
        A data analysis from a randomized clinical trial for stage 3 colon cancer patients found that patients with evidence of residual cancer in their blood after surgery to remove the cancer, may benefit from adding of celecoxib, to post surgery treatment.

      

      
        Over 1/3 of parents say their child has experienced dental problems that reflect oral hygiene habits
        More than one in three parents say their child has faced issues like tooth decay, cavities, stained teeth, gum concerns or tooth pain linked to their oral health routine over the past two years, a national poll suggests.

      

      
        Researchers pioneer DNA-tagged gold nanoparticles for targeted cancer treatment
        A team of researchers has developed a novel method to enhance the precision of cancer treatment using gold nanoparticles tagged with DNA barcodes.

      

      
        Cell death and aging in cancer research review
        The latest findings on the interaction between cell death and cellular senescence in cancer and their pathophysiological significance have been reviewed.

      

      
        Individual cells can be connected to plastic electrodes
        Researchers have succeeded in creating a close connection between individual cells and organic electronics. The study lays the foundation for future treatment of neurological and other diseases with very high precision.

      

      
        Towards a new generation of human-inspired language models
        Can a computer learn a language the way a child does? A recent study sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.

      

      
        An injectable hydrogel for local bone densification
        Researchers have combined injections of a novel hydrogel with systemic osteoporosis drugs in rats, achieving rapid local increases in bone density. The results offer hope for future fracture prevention therapies in osteoporosis patients.

      

      
        Escaping the endosome: Bend lipids improve LNP mRNA delivery and gene editing
        A new class of lipids improve the rates at which lipid nanoparticles (LNPs) successfully deliver RNA therapeutics and gene editing tools, promising to increase their effectiveness of such treatments.

      

      
        Could fecal microbiota transplantation help patients heal after stem cell transplantation?
        A new study shows that oral fecal microbiota transplantation (FMT) is a feasible and safe addition to preventing graft-versus-host disease in patients undergoing stem cell transplantation for blood cancers.

      

      
        New numbering system facilitates comparability of protein domains
        Adhesion GPCRs are a group of cell-surface sensors associated with many body functions and diseases. However, they are not yet sufficiently understood to be exploited for therapies. Scientists have now developed an innovative numbering system for the GAIN domain, a protein domain common to all adhesion GPCRs. It should help to better understand the role of this protein domain in disease and pave the way for more precise experimental approaches.

      

      
        People with schizophrenia have an altered ability to visually perceive contrast
        Schizophrenia is a serious mental disorder that affects around 1% of the world's population. Researchers have identified a deficit in contrast perception in people with schizophrenia. According to a review of more than 600 studies, these patients have an impaired ability to see differences in light intensity between adjacent areas, which allows us to identify shapes, textures and details in the environment.

      

      
        Innovative one-minute video game boasts 80% success rate in diagnosing autism
        A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.

      

      
        How simple prompts can make partially automated cars safer
        A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.

      

      
        Simple ways to improve the wellbeing of pediatric critical care staff
        Researchers have developed two simple, easy-to-deliver sessions to improve the wellbeing of staff in pediatric critical care (PCC) units in UK hospitals.

      

      
        First mouse with two male parents to reach adulthood
        A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.

      

      
        Novel lab-on-chip platform promises to expedite cancer diagnoses
        Researchers propose a novel system that uses standing surface acoustic waves to separate circulating tumor cells from red blood cells with unprecedented precision and efficiency. The platform integrates advanced computational modeling, experimental analysis, and artificial intelligence algorithms to analyze complex acoustofluidic phenomena. The researchers included an innovative use of dualized pressure acoustic fields and strategically located them at critical channel geometry positions on a lit...

      

      
        Strategic corporate social responsibility can create social, economic value
        Strategic corporate social responsibility (CSR) efforts that are directly related to a hospitality company's core business operations and competencies can help companies create both social and business value, according to researchers.

      

      
        Genetic 'fingerprint' to predict drug resistance in bacteria
        New research has identified a unique genetic signature in bacteria that can predict their likelihood of developing antibiotic resistance, a finding that can help quickly identify precision-based treatments that are more effective against the deadly, treatment-resistant pathogens.

      

      
        Transforming longevity research: AI paves the way for personalized treatments in aging science
        Artificial Intelligence (AI) has the potential to transform aging research and help people live healthier, longer lives.

      

      
        Recommendations for mitochondria transfer and transplantation research
        Mitochondria organelles came from primordial bacterial endosymbionts and still preserve distinct genes for important functions like making ATP. To speed the emerging therapeutic research into the transfer of mitochondria between cells, 31 researchers have developed consensus recommendations for common terminology that describes mitochondria transfer and transplantation.

      

      
        Young adults more active after starting work, but sleep less -- unless working from home
        When young adults start working, the amount of daily physical activity they do increases sharply, only to fall away again over the new few years, while the amount of sleep they get falls slightly, according to new research. The largest drop in levels of physical activity was seen among people who work from home -- though their sleep levels did not change when they started work.

      

      
        Cancer risk established before birth
        A person's lifetime risk for cancer may begin before they are even born, reports a paradigm-shifting study. The findings identified two distinct epigenetic states that arise during development and are linked to cancer risk. One of these states is associated with a lower lifetime risk while the other is associated with a higher lifetime risk.

      

      
        High uric acid levels linked to deadly outcomes in children with severe malaria
        Researchers have uncovered a significant connection between elevated uric acid levels and life-threatening outcomes in children with severe malaria.

      

      
        Hear ye! Hear ye! Researchers uncover new complexities in human hearing
        Physicists have discovered a sophisticated, previously unknown set of 'modes' within the human ear that put important constraints on how the ear amplifies faint sounds, tolerates noisy blasts, and discerns a stunning range of sound frequencies in between. By applying existing mathematical models to a generic mock-up of a cochlea -- a spiral-shaped organ in the inner ear -- the researchers revealed a new layer of cochlear complexity. The findings offer fresh insight into the remarkable capacity an...
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Topical mupirocin lowers lupus inflammation | ScienceDaily
Systemic lupus erythematosus, more commonly known as lupus, has a variety of symptoms and room for improvement when it comes to treatment.


						
Cutaneous lupus erythematosus is a common manifestation of systemic lupus erythematosus.

The condition is characterized by rashes on various parts of the body including the face and scalp, hair loss and scarring of the skin.

The rashes are caused by inflammation from the immune system fighting the body.

The standard treatment for cutaneous lupus erythematosus is using immunosuppressants and biologic drugs to reduce inflammation.

While the medications can be helpful, many patients with systemic lupus erythematosus already take a high number of drugs and are looking for other treatment methods other than pills.

J. Michelle Kahlenberg, M.D., Ph.D., a professor of internal medicine in the Division of Rheumatology at University of Michigan Health led a team of researchers looking at one of these alternatives, a topical treatment called mupirocin.




This trial was based on Kahlenberg's previous discovery that cutaneous lupus rashes are often colonized with a common skin bacteria, Staphyloccous areus, also known asstaph, and contributes to inflammation in the rashes.

Mupirocin kills this type of bacteria.

The study randomly selected systemic lupus erythematosus patients currently experiencing cutaneous lupus erythematosus flares to treat their skin lesions with mupirocin or with an inactive control, petrolatum jelly.

Samples from the nose and lesional skin were used to determine baseline and post treatment Staphylococcus abundance and microbial community profiles.

Paired samples collected prior to treatment with the topical solution and seven days after treatment showed decreases in lesional staphylococcus aureusin the mupirocin treated samples.

Importantly, the reduction in staph also was accompanied by a reduction in inflammatory signals, including interferon-driven gene expression, in the lesions.




"In addition to decreasing the inflammation by decreasing lesional staphylococcus aureus, the mupirocin treatment also lowered skin monocyte levels, which are important in driving cutaneous lupus," said Kahlenberg.

Mupirocin is a prescription treatment, and while this early study showed signs of decreasing inflammation, the study wasn't designed to see if it can decrease the rash of cutaneous lupus erythematosus.

"Additional larger studies are needed to determine whether topical antibiotics will be helpful to make rashes go away," Kahlenberg said.

"However, this is an exciting first step to show that there may be additional treatments that can improve inflammation beyond our usual immunosuppressant and biologic drugs."
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Study finds three new safe, effective ways to treat drug-resistant tuberculosis | ScienceDaily
Tuberculosis remains one of the top infectious disease killers worldwide, a challenge amplified by drug-resistant forms of the disease. Now, in a major step forward, an international clinical trial has found three new safe and effective drug regimens for tuberculosis that is resistant to rifampin, the most effective of the first-line antibiotics used to treat TB.


						
The research, published Jan. 30 in the New England Journal of Medicine, was led by researchers at Harvard Medical School and other members of the endTB project, a collaboration among Partners In Health, Medecins Sans Frontieres, and Interactive Research and Development, with help from researchers and clinicians at academic medical centers and research hubs worldwide.

The newly identified regimens take advantage of recently discovered drugs to expand the treatment arsenal and give physicians new ways to shorten and personalize treatment, minimize side effects, and treat patients using only pills instead of daily injections. They also offer alternatives in case of drug intolerance, medication shortages or unavailability, or drug resistance, the researchers said.

The endTB trial is one of four recent efforts to use randomized controlled trials to test new, shorter, less toxic regimens for drug-resistant TB. endTB uses two new drugs -- bedaquiline and delamanid -- which, when brought to market in 2012-2013, were the first new TB medicines developed in nearly 50 years.

To find shorter, injection-free drug combinations for people infected with TB resistant to rifampin, endTB tested five new, all-oral 9-month regimens using the two new drugs in combination with older medications.

A third drug, pretomanid, received emergency authorization from the FDA for specific use within a regimen against highly drug-resistant TB in 2019, after the endTB clinical trial was underway, and is not included in the regimens used in these trials.

Trial regimens were considered effective if they performed at least as well as the control group, which received a well-performing standard of care composed in accordance with a stringent interpretation of World Health Organization (WHO) recommendations.




The three successful new regimens were successful for between 85 and 90 percent of patients, compared with 81 percent success for people in the control group. The control group was treated with longer treatments, which also included the recently discovered medicines.

The trial launched in 2017 and enrolled 754 patients across seven countries: Georgia, India, Kazakhstan, Lesotho, Pakistan, Peru, and South Africa. The goal was to improve treatment for patients with tuberculosis resistant to rifampin. The WHO estimates that some 410,000 people become sick with rifampin-resistant TB each year, including people who have multidrug-resistant TB (MDR-TB). Only 40 percent are diagnosed and treated, 65 percent of them successfully.

The study population included children as well as people infected with HIV or hepatitis C, both common in populations with high rates of TB. In another innovation, women who became pregnant while on treatment were included in the endTB trial. These groups are often excluded from clinical trials. In a special report published in August 2024, the WHO added the three noninferior regimens from the endTB trial to the list of treatment options for rifampin-resistant and multidrug-resistant TB (MDR-TB) treatment; the recommendations extend to these neglected groups as well as to pregnant women.

With recent efforts to end patent exclusivity on bedaquiline, two of the endTB regimens and the WHO-recommended pretomanid-containing regimen can all be purchased for less than $500, an access target set by activists more than 10 years ago, which has only just now been achieved. All of these innovations together mean the new shortened, all-oral regimens are available to more people than ever.

The endTB trial is part of a major transformation in how the world treats tuberculosis, said the trial's co-principal investigator, Carole Mitnick, professor of global health and social medicine in the Blavatnik Institute at HMS and PIH's director of research for the endTB project.

"This Harvard-led partnership among NGOs, ministries of health, and other academic partners identified three new regimens that will make lifesaving care dramatically more accessible," Mitnick said. "We also resolved a critical question left open by pharmaceutical industry trials that brought bedaquiline and delamanid to market: How can these new drugs be used to shorten and simplify treatment while retaining efficacy?"

Until recently, Mitnick said, poor treatment options and low-quality evidence made it difficult to stem the tide of preventable deaths from tuberculosis. For many years, the only approved treatment regimens lasted years and included daily injections and highly toxic medications with often-severe side effects.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129194552.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A weekly injection could replace painful daily treatment for rare fat disorder | ScienceDaily
Rutgers Health researchers have found that a weekly injection of diabetes medication could replace painful daily hormone shots for people with a rare genetic form of lipodystrophy that leaves patients with almost zero fat tissue, according to a study in The New England Journal of Medicine.


						
Congenital generalized lipodystrophy (CGL), which affects only a few thousand people worldwide, results in severe metabolic disease, diabetes, insulin resistance and reduced life expectancy. With no fat tissue for proper storage, fat accumulates in organs such as the liver, leading to extreme insulin resistance and diabetes.

"These patients are severely ill and face markedly reduced life expectancy due to profound insulin resistance," said Christoph Buettner, chief of endocrinology, metabolism, and nutrition at Rutgers Robert Wood Johnson Medical School and senior author of the study.

Currently, the standard treatment for CGL involves daily injections of metreleptin, a synthetic version of the hormone leptin, which is naturally produced exclusively by fat tissue. However, daily leptin shots are both expensive -- costing hundreds of thousands of dollars annually -- and particularly painful for CGL patients.

"When you inject yourself with, for example, insulin, you inject into subcutaneous fat, but these patients don't have that," said Svetlana Ten, associate professor of pediatrics and first author of the study. "Each injection is painful."

In the recent study, researchers explored if the diabetes and obesity drug tirzepatide(the active ingredient in Zepbound and Mounjaro) could improve CGL, as it improves insulin resistance. Tirzepatide is administered through a weekly injection, potentially reducing the burden and pain associated with CGL treatment. It is also much more affordable than metreleptin.

The first patient, a 23-year-old man who had refused the painful daily treatments with leptin and insulin for 2 years, saw his average blood glucose drop from 252 to 128 milligrams per deciliter after three weeks on the maximum dose of tirzepatide. His blood glucose, which had been at healthy levels between 70 and 140 milligrams per deciliter in 8% of readings, remained at healthy levels in 93% of readings, an almost complete normalization without the need to inject insulin.




The second patient, a 64-year-old woman who required supplemental insulin injections because leptin alone couldn't control her blood glucose, achieved normal blood glucose levels with tirzepatide alone.

"The surprise here was that when we stopped leptin and gave tirzepatide, the patient was very well controlled, probably better than while she was taking leptin," Buettner said. "Leptin is an important hormone, made only by fat tissue, that is an important regulator of metabolism, so leptin therapy made intuitive sense in patients with CGL. The hormone GLP1, which is mimicked by tirzepatide, is not made in adipose tissue, and while tirzepatide is an insulin sensitizer, we did not expect it would have such potency in patients with CGL."

While both tirzepatide and leptin work in the brain, they do so through different signaling pathways, acting on different neurons in distinct brain regions. This suggests that leptin and GLP1 signaling may have more extensive overlap than so far suggested.

The researchers plan a larger trial to validate these initial results, though recruiting enough patients will be challenging given the condition's rarity.

If the results hold up in larger studies, tirzepatide could offer CGL patients an easier and potentially more affordable treatment option. However, Buettner said more research is needed to evaluate both the long-term efficacy and safety in this specific patient population and beyond that in other leptin-deficient conditions.
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Changing cholesterol over time tied to risk of dementia | ScienceDaily
Older adults whose cholesterol changes over time may be more likely to develop dementia than people whose cholesterol is stable, regardless of the actual cholesterol level, according to a study published in the January 29, 2025, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
The study does not prove that changing cholesterol causes dementia; it only shows an association.

"These results suggest that fluctuating cholesterol, measured annually, may be a new biomarker for identifying people at risk of dementia, providing more information than the actual cholesterol levels measured at a single time point," said study author Zhen Zhou, PhD, of Monash University in Melbourne, Australia.

The study involved 9,846 people with an average age of 74 who did not have dementia or other memory problems. Cholesterol levels were measured at the beginning of the study and at three following annual visits. Participants were followed for an average of 5.5 years after the third visit. They took tests of memory skills annually.

Participants taking cholesterol medications, called statins, were allowed in the study unless they stopped or started taking the drugs during the measurement period for cholesterol.

The participants were divided into four equal groups based on the amount of change between their first and fourth cholesterol measurements. The difference between consecutive yearly measurements was 91 mg/dL on average in the group with the largest amount of change in total cholesterol and 22 mg/dL in the group with the smallest amount of change.

During the study, 509 people developed dementia. A total of 147 of the 2,408 people in the group with the largest amount of change in total cholesterol developed dementia, a rate of 11.3 per 1,000 person-years. In the group with the lowest amount of change in total cholesterol, 98 of 2,437 people developed dementia, a rate of 7.1 per 1,000 person-years. Person-years represent both the number of people in the study and the amount of time each person spends in the study.




After adjusting for other factors that could affect the risk of dementia, such as age, smoking status and high blood pressure, researchers found that those in the high change group were 60% more likely to develop dementia than those in the low change group.

The study also found a link between changing cholesterol levels and cognitive impairment or memory problems that did not meet the criteria for dementia.

Looking at the various types of cholesterol, researchers found a link between fluctuating LDL cholesterol, or "bad" cholesterol, and risk of dementia and cognitive impairment. They did not find that association with HDL, or "good" cholesterol, or triglycerides.

"Older people's cholesterol should be monitored for changes over time to help identify people who may be at risk of cognitive impairment or dementia and could benefit from interventions, which could include lifestyle changes or making sure they start or keep taking statin to prevent fluctuations in their cholesterol and potentially reduce the risk of dementia," Zhou said.

A limitation of the study is that while people who started or stopped taking cholesterol drugs were not included in the study to eliminate the medication-induced fluctuations in cholesterol, researchers did not have information on any changes in dosage or people who did not take their medication as prescribed, which could affect cholesterol changes.

The study is supported by the National Heart Foundation of Australia.
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The benefits of speaking multiple languages | ScienceDaily
Encouraging bilingualism at home can have many cognitive benefits, which may be particularly helpful to kids with autism spectrum disorder (ASD), new research from the University of Miami College of Arts and Sciences indicates.


						
A team of researchers led by Celia Romero, a graduate student in clinical psychology, along with associate professor Lynn Perry, professor Michael Alessandri, and former University professor Lucina Uddin, explored the role of bilingualism in 112 children, including typically developing children and children with autism, between the ages of 7 to 12 years old. Overall, they found that children who spoke two or more languages often had stronger executive functioning skills. This means they are able to control impulses and to switch between different tasks more easily than children who only spoke one language.

"We discovered that multilingualism is associated with improvements in executive function, which in turn is associated with improvements in autism symptoms," Perry said. "There were hints of this in the literature before, but it was exciting to see how far reaching those differences were in this research."

Published in the journal Autism Research, the results are significant because executive functioning skills are a key challenge for children on the spectrum but are important for all kids to thrive in school and later in the workplace. Yet, the team found the benefits of speaking more than one language were not limited to children with autism.

Key features of autism include social communication difficulties and restrictive and repetitive behaviors, as well as difficulty with executive function skills. These are mental processes that help us plan, focus, remember instructions, and manage multiple tasks effectively. While executive function skills develop and improve across the lifespan, individuals with autism often struggle with executive functioning, impacting their ability to manage daily tasks and adapt to new situations.

The study also looked at the impact of multilingualism on core symptoms of autism, including perspective taking, restricted and repetitive behaviors, and social communication.

"We also found that multilingual children have enhanced perspective taking skills, or the ability to understand someone else's thoughts or point of view," Romero added.




An idea called joint activation from the field of neuroscience can help explain the results. Prior research suggests that the bilingual brain has two languages constantly active and competing. As a result, the daily experience of shifting between these languages is associated with enhanced executive control. This concept is also known as the "bilingual advantage" and is a topic of much debate.

"If you have to juggle two languages, you have to suppress one in order to use the other. That's the idea, that inhibition -- or the ability to stop yourself from doing something -- might be bolstered by knowing two languages," said Uddin, now a professor at the University of California, Los Angeles, and director of the Brain Connectivity and Cognition Laboratory.

Romero realized she wanted to explore this topic while working in Uddin's neuroscience lab on campus that was doing brain imaging research on children with autism. She noticed that some bilingual families did not speak to their child in their native language because they thought it may be too challenging and harmful for their child to learn more than one language.

"I started investigating this to let families know there's no detriment for their child to learn another language, whether or not they have a neurodevelopmental disorder," she said. "We know this through research, but often it takes time to translate that to families, so I hope this study helps address that."

In his work as executive director of the University's Center for Autism and Related Disabilities, Alessandri said this question often comes up with parents.

"It is wonderful to have sound research supporting our general recommendation to not restrict language exposures to children in multilingual homes," Alessandri said. "This will surely bring a sense of relief to many of our families living with loved ones with autism."

Romero and Perry are now doing further research with preschool children to see if bilingualism also has an impact on kids' peer interactions, which are crucial for children's social and cognitive development. And at UCLA, Uddin is currently conducting a large follow-up study to further investigate the impact of multilingualism on brain and cognitive development in children with autism.
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Scientists 'mimic real biological processes' using synthetic neurons | ScienceDaily
Artificially engineered biological processes, such as perception systems, remain an elusive target for organic electronics experts due to the reliance of human senses on an adaptive network of sensory neurons, which communicate by firing in response to environmental stimuli.


						
A new collaboration between Northwestern University and Georgia Tech has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons. They also built a complete perception system by designing other organic materials and integrating their engineered neurons with artificial touch receptors and synapses, which enabled real-time tactile signal sensing and processing.

The research, described in a paper published this month in the journal Proceedings of the National Academy of Sciences (PNAS), could move the needle on intelligent robots and other systems currently stymied by sensing systems that are less powerful than those of a human.

"The study highlights significant progress in organic electronics and their application in bridging the gap between biology and technology," said first author Yao Yao, a Northwestern engineering professor. "We created an efficient artificial neuron with reduced footprint and outstanding neuronal characteristics. Leveraging this capability, we developed a complete tactile neuromorphic perception system to mimic real biological processes."

According to corresponding author Tobin J. Marks, Northwestern's Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, existing artificial neural circuits tend to fire within a narrow frequency range.

"The synthetic neuron in this study achieves unprecedented performance in firing frequency modulation, offering a range 50 times broader than existing organic electrochemical neural circuits," Marks said. "In contrast, our device's outstanding neuronal characteristics establish it as an advanced achievement in organic electrochemical neurons."

Marks is a world leader in the fields of organometallic chemistry, chemical catalysis, materials science, organic electronics, photovoltaics and nanotechnology. He is also a professor of Materials Science and Engineering and Professor of Chemical and Biological Engineering in Northwestern's McCormick School of Engineering and as Professor of Applied Physics. His co-corresponding author Antonio Facchetti, a professor at Georgia Tech's School of Materials Science and Engineering, also serves as an adjunct professor of chemistry at Northwestern.




"This study presents the first complete neuromorphic tactile perception system based on artificial neurons, which integrates artificial tactile receptors and artificial synapses," said Facchetti. "It demonstrates the ability to encode tactile stimuli into spiking neuronal signals in real time and further translate them into post-synaptic responses."

The team spanned departments and schools, with researchers who specialized in organic synthesis creating advanced materials that electronic device researchers then incorporated into circuit design and fabrication, and system integration.

With the human brain's immense network of 86 billion neurons poised to fire, sensing systems remain difficult to recreate. Scientists are limited by both the footprint of the design and by the amount they can create. In future models, the team hopes to further reduce the device's size, taking the project a step closer to fully mimicking human sensing systems.

This work was supported by the Air Force Office of Scientific Research (FA9550-22-1-0423), the Northwestern University Materials Research Science and Engineering Center (MRSEC; award from National Science Foundation DMR-230869), Flexterra Corporation, the National Science Fund for Distinguished Young Scholars of China (No. 32425040) and the National Natural Science Foundation of China (Grant No. 32201648).
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Diagnostic stewardship optimizes detection of appendicitis | ScienceDaily
Abdominal pain is among the most common reasons children are taken to the emergency department.


						
A small proportion of them usually have appendicitis, and timely detection is essential.

To do so, clinicians often rely on imaging, such as ultrasound or CT scans.

Although delayed diagnosis of appendicitis in children can be life threatening, overtesting is wasteful and can even cause harm.

Now in a study, published in Academic Emergency Medicine, University of Michigan researchers found that emergency departments vary widely in how they balance the need to diagnose appendicitis with the potential harms of overtesting.

"Children with abdominal pain are a diagnostic conundrum. On the one hand those who have appendicitis need to be diagnosed in a timely manner, but on the other hand the most common diagnostic tool we use, a CT scan, exposes them to radiation," said Alexander Janke, M.D., a clinical assistant professor of emergency medicine.

Although there are a range of tools that emergency clinicians can use, including ultrasounds, CT scans, blood tests and consultation with surgical specialists, their implementation varies among different emergency departments across Michigan.




The availability and quality of ultrasound, for example, isn't guaranteed at every emergency department.

Similarly, pediatric surgical consultations may be easily obtained in some, but not other, emergency departments.

To better understand the balance between overtesting and delayed diagnosis, the researchers studied over 100,000 emergency department visits for children with abdominal pain aged 5-17 years.

The data were collected from 26 emergency departments within the Michigan Emergency Department Improvement Collaborative between May 2016 to February 2024.

MEDIC is a quality improvement network that supports over 50 Michigan hospitals and enhances the quality of emergency department care.

To this end, MEDIC maintains a data registry that tracks clinical practices across the state, providing insight into diagnostic imaging use.




The team used the registry to understand both the patterns of how abdominal pain is evaluated in children and whether these are related to delays in diagnosing appendicitis.

Among 120,112 cases of abdominal pain, only 0.1% had a delayed diagnosis of appendicitis and these were not associated with differences in imaging rates.

Researchers found that large pediatric centers achieve low rates of delayed diagnosis of appendicitis while also having the lowest rates of CT use.

"Unsurprisingly, pediatric centers were able to accurately diagnose appendicitis without heavy reliance on CT scans. This is likely due to their access to high-quality ultrasound capabilities, MRI protocols for pediatric appendicitis, and in-house pediatric surgical consultation," said Courtney Mangus, M.D., clinical assistant professor of emergency medicine.

Although the study does not include real-time insights into how doctors made their decisions, the team hopes that it can be used as a foundation to drive diagnostic improvements.

They hypothesize that adherence to best practices and coordinating care across centers could improve the evaluation of children with abdominal pain.

"Different hospitals handle these cases in different ways. Diagnosis can be hard, and our work is a reminder to families that it is okay to ask questions and advocate for your child when you go to the emergency room," Janke said.
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Researchers uncover key insights into how the body protects against neuron damage | ScienceDaily
Neurons may get all the glory, but they would be nothing without glial cells. While brain cells do the heavy lifting in the nervous system, it's the glia that provide nutrients, clean up waste, and protect neurons from harm.


						
Now, scientists have discovered a new mechanism by which these crucial supporting players detect and respond to neuron damage. Published in Nature Communications, the study describes how two key proteins allow glial cells to actively monitor the hair-like cilia that extend out of nematode dendrites, so that the glial cells can respond to injuries and prevent damage. The findings may have implications for treating diseases caused by defective cilia, such as polycystic kidney disease.

"Fleshing out the pathway by which glia interact with dendrites was our major goal," says Shai Shaham, head of the Laboratory of Developmental Genetics at Rockefeller. "An important next question is whether one could manipulate these cells to address diseases related to cilia."

Uncharted territory

Neurons rely on axons and dendrites for communication; axons send messages out, while dendrites receive those incoming, some with the help of cilia extending from their tips. Cilia detect odors, light, and other stimuli.

Scientists have studied how glial cells keep axons in shape. But comparatively few studies have investigated how glia protect and maintain dendrites and their delicate cilia. Knowing that dendrite structure changes correlate with learning and memory, and that dysfunctional cilia are at the heart of a family of disorders known as ciliopathies, Shaham and colleagues set out to fill that crucial knowledge gap .

"We knew essentially nothing about the interactions between glial cells and dendrites, but they matter just as much as axons," Shaham says. "You need something to receive signals, too."

The team chose to study glia, dendrites, and cilia in the nematode C. elegans, a model organism cherished by basic researchers for its straightforward genetics and well-studied biology. An additional advantage here was that nematodes have cilia only on the ends of their dendrites, simplifying the work of homing in on what happens to dendritic cilia when glia clock out. "C. elegans is a powerful model, because we can use it to explore everything from molecules to behavior," says Katherine Varandas, a postdoctoral fellow in Shaham's lab and lead author of the study. "Through studying nematodes we can decipher very specific dendrite and glia interactions."




Moving up the tree of life

For the study, the team used CRISPR to engineer nematodes with disrupted cilia or altered glial responses, and then tracked glia in-action using fluorescence microscopy. Then, to figure out how glia respond to normal and cilia-stunted nematodes, they employed RNA sequencing to monitor gene expression changes and electron microscopy to observe structural changes.

They found that glial cells respond to damaged cilia by accumulating excess extracellular matrix proteins and altering gene expression. Specifically, they discovered a new signaling pathway involving DGS-1, a neuronal protein, and FIG-1, a glial protein. These two proteins appear crucial to monitoring cilia integrity -- mutations in either trigger glial responses even without cilia damage.

The findings broaden our understanding of glial functions, with potential implications extending far beyond nematodes. Indeed, the structural and functional similarities of sensory organs across species suggest that similar mechanisms for keeping cilia safe may exist in mammals, where glial cells have been shown to interact with similar dendritic structures. The present study could therefore lay the groundwork for exploring glia-dendrite interactions across species, with potential implications for humans suffering from ciliopathies.

"We hope to move these studies into mammals next," Varandas says. "Sensory organs, which include cilia-decorated dendrites surrounded by glia, are highly conserved across evolution and share striking similarities to one another, providing a fascinating direction for future research."
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New insights into the perception of coffee taste -- genetic predisposition plays a role | ScienceDaily
Why does coffee taste more bitter to some people than it does to others? Researchers at the Leibniz Institute for Food Systems Biology at the Technical University of Munich have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated for the first time that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.


						
Although caffeine has been known as a bitter tasting substance for a long time, even decaffeinated coffee tastes bitter. This shows that other substances also contribute to the bitter taste of roasted coffee. Coline Bichlmaier, a doctoral student at the Leibniz Institute, explains: "Indeed, previous studies have identified various compound classes that are formed during roasting and contribute to bitterness. During my doctoral thesis, I have now identified and thoroughly analyzed another class of previously unknown roasting substances."

The starting point of her research was the mozambioside contained in Arabica beans. It tastes about ten times more bitter than caffeine and activates two of the approximately 25 bitter taste receptor types found in the human body, namely the TAS2R43 and TAS2R46 receptors. "However, our investigations showed that the concentration of mozambioside decreases significantly during roasting, so that it only makes a small contribution to the bitterness of coffee," says principal investigator Roman Lang, and continues: "This prompted us to test whether roasting produces breakdown products of mozambioside are also bitter and could affect coffee's taste."

Combination effect and genetic predisposition are important

As the research team shows, seven different degradation products of mozambioside are formed during roasting. These compounds are found in roasted coffee in varying concentrations, depending on roasting temperature and duration, and almost completely pass into the beverage during brewing.

Investigations in a cellular test system established at the institute show that these roasting substances activate the same bitter taste receptor types as mozambioside. Three of the roasting products even had a stronger effect on the receptors than the original compound. However, the researchers found that the concentrations of these roasting products measured in brewed coffee were too low to induce a noticeable taste on their own. Only the combination of mozambioside and its roasting products in a sample led eight out of eleven test subjects to perceive a bitter taste. One person found the taste astringent and two did not perceive any particular taste.

A genetic test showed that taste sensitivity depended on the genetic predisposition of the test subjects: two people had both copies of the TAS2R43 gene variant defective. Seven had one intact and one defective variant of the receptor and only two people had both copies of the gene intact.




What do the results mean for the future?

"The new findings deepen our understanding of how the roasting process influences the flavor of coffee and open up new possibilities for developing coffee varieties with coordinated flavor profiles. They are also an important milestone in flavor research, but also in health research," says Roman Lang, explaining: "Bitter substances and their receptors have further physiological functions in the body, most of which are still unknown." According to Lang, there is still a lot of work to be done, since for many bitter substances in coffee alone, it is not yet known which bitter taste receptors they activate, even though millions of people worldwide drink coffee every day.

More information

Mozambioside 

Arabica coffee contains bitter-tasting mozambioside (11-O-b-D-glucosyl-cafestol-2-one). It is a hydrophilic derivative of cafestol that is particularly abundant in naturally caffeine-free varieties. Its perception threshold in humans is 60 +- 10 micromolar (Lang et al., 2015; Lang et al., 2020). Its concentration in raw Arabica coffee is about 0.4-1.2 micromol/g. Roasting breaks down the substance to below the taste threshold in the end product.

Other bitter-tasting roasting substances in coffee 

The most important bitter tasting substances that are reportedly formed during roasting include caffeoylquinides, which are formed from chlorogenic acids, diketopiperazines, which originate from coffee proteins, and oligomers of 4-vinylcatechols, which are formed from caffeic acids. These compound classes do impart a bitter taste, but it is not yet known which bitter taste receptor types mediate their perception.

Bitter taste receptors 

In humans, about 25 different taste receptor types are responsible for the perception of bitter substances. These bitter taste receptors are not only found in the mouth, but also on cells of other organs and tissues. The many functions they perform there are the subject of numerous studies, including those conducted at the Leibniz Institute for Food Systems Biology at the Technical University of Munich. Various studies already indicate that bitter taste receptors in the respiratory tract help to ward off pathogens and accelerate the movement of cilia. They also suggest that endogenous bitter receptors in the intestines and blood cells support defense mechanisms or are involved in the regulation of metabolism.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129121125.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Weather change linked to increased risk of Salmonella outbreaks | ScienceDaily
Climate change is impacting the spread of Salmonella, according to new research from the University of Surrey. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.


						
The study, led by a team of researchers at Surrey's School of Veterinary Medicine, investigated the impact of different weather factors on the transmission of Salmonella -- a leading cause of foodborne illnesses in Europe, accounting for nearly one in three foodborne outbreaks.

Salmonella is a type of bacteria that can cause food poisoning. It's found in the intestines of animals and humans and can contaminate food if it's not cooked or handled properly. Salmonella can cause diarrhea, fever, and stomach cramps, and it is most prominent in areas with poor sanitation and hygiene.

In the study, published in the Journal of Infection, researchers compared UK Health Security Agency (UKHSA) data of confirmed cases of Salmonella in England and Wales during 2000-2016 with Met Office data of the time, focusing on 14 different weather factors. This provided a more holistic understanding, which considered the combined effect of multiple weather factors on incidents of Salmonella, leading to an in-depth description of the risk of salmonellosis when we know the local weather during the past days.

Warmer temperatures (above 10 degrees Celsius), relative humidity, dewpoint temperature (between 7-10 degrees Celsius), and longer days (over 12-15 hours) were identified as key weather factors associated with an increase in Salmonella cases, irrespective of geographical location. These findings were also validated by analysing data from the Netherlands.

Dr Gianni Lo Iacono, Senior Lecturer in Biostatistics and Epidemiology at the University of Surrey, said:

"The model we used to analyse the data shows promise, as the findings were replicated across England, Wales and, independently, in the Netherlands, suggesting a potential for wider application in other European and high-income countries to help gain new insights on the incidence of Salmonella. It would be interesting to investigate this in regions with very different environmental and socio-economic characteristics, like tropical countries."

Dr Laura Gonzalez Villeta, the first author of the study and researcher at the University of Surrey, said:

"The study highlights how weather plays a significant role in Salmonella outbreaks and provides a valuable tool for predicting future risks and tailoring interventions, particularly in the context of climate change."
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Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics | ScienceDaily
A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers at the University of Surrey.


						
The human gut microbiome, a complex ecosystem of bacteria, plays a vital role in overall health. Imbalances in this ecosystem, known as dysbiosis, have been linked to various inflammatory conditions.

Through harnessing the power of large-scale computer models such as Genome Scale Metabolic Models (GSMMs) and computational methodologies such as Flux Balance Analysis (FBA), researchers can investigate the complexity of the human gut microbiome. By analysing these models, researchers can identify potential targets and design personalised probiotic and prebiotic treatments.

Dr Matteo Barberis, lead author of the study and Reader in Systems Biology from the University of Surrey, says:

"Our research presents a workflow to model human-gut microbiome interactions for probiotic design, a step in the right direction, offering a new way to help the treatment of inflammatory diseases. It can predict metabolic reactions within the bacterial strains in the gut that may be targeted to correct the dysbiosis, thus offering a platform for dietary/probiotic interventions. By understanding the intricate workings of the gut microbiome and developing dedicated modelling workflows, we are paving the way for a future where personalised therapies can improve patients' health."
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Better nurse staffing linked to fewer C-sections | ScienceDaily
Labor and delivery units that are adequately staffed by nurses have lower cesarean birth rates, according to new research published in the journal Nursing Outlook.


						
"Our findings highlight how crucial nurse staffing is for optimal maternal outcomes," said Audrey Lyndon, the Vernice D. Ferguson Professor in Health Equity and executive vice dean at NYU Rory Meyers College of Nursing.

C-sections account for nearly a third of births in the US and are the most common surgery performed in hospitals. While C-sections can be lifesaving and some are necessary for the health of the mother and child, the surgery carries more risks and a longer recovery than vaginal births and can complicate future pregnancies.

"If we can safely lower the C-section rate, we are improving outcomes for childbearing people and their families," added Lyndon, the study's lead author.

Nurses play an important role during childbirth, providing emotional and physical support at the bedside, monitoring the health of the mother and baby, and administering medication. When hospitals are understaffed, nurses are forced to prioritize tasks that require the most immediate attention at the expense of other care.

"While nurses intuitively know that having enough nurses to provide the attentive care that mother and babies need and deserve improves outcomes, research has been minimal in linking maternity nurse staffing and patient outcomes," said Kathleen Rice Simpson, a perinatal clinical nurse specialist at Mercy Hospital St. Louis and study author.

To determine if nurse staffing influences C-section rates, the researchers examined how well maternity units adhere to staffing standards established by the Association of Women's Health, Obstetric and Neonatal Nurses (AWHONN). The evidence-based standards call for one nurse to one birthing person during many parts of labor, two nurses at birth, and one nurse for each mother-newborn pair in the first few hours after birth.




The researchers surveyed 2,786 nurses from 193 hospitals across 23 states about staffing on their maternity units. Their responses, collected in 2018 and 2019, were matched with hospital-level administrative data and rates of C-sections and vaginal births.

Better nurse staffing during labor and birth was linked to lower C-section rates and higher vaginal birth rates, including vaginal births among mothers who had previously had C-sections. C-section rates were 11 percent lower in hospitals with nurse staffing aligned with the national standards.

"Concern about cesarean section rates in the US has been high for many years, and there has been little progress toward improvement. This study points us toward one important solution: aligning labor and delivery nurse staffing with consensus- and expert-developed guidelines," said Joanne Spetz, director of the Institute for Health Policy Studies at the University of California, San Francisco (UCSF) and a study author.

"We hope our findings will encourage hospitals to see the value in nurse staffing consistent with standards to support healthy outcomes for mothers and babies," said Simpson.

Hospitals and policymakers often point to increased costs related to both C-sections and nurse staffing. The researchers note that the cost of adequate nurse staffing during labor and birth can be balanced by the savings of avoiding unnecessary C-sections, including shorter hospital stays and fewer complications.

"Nursing care is looked at as a cost center as opposed to a revenue center in hospitals, so it's often one of the first things cut when hospitals are trying to keep costs in line. But research continues to show that nurse staffing is a key contributor to patient safety across departments," said Lyndon.

"While increasing nurse staffing during a period of shortage can be challenging, this investment could reduce overall costs by reducing rates of surgical cesarean sections and longer-term adverse outcomes for mothers and babies," said Spetz.

To hold hospitals accountable, the researchers encourage the Centers for Medicare and Medicaid Services (CMS) to consider establishing regulatory standards for nurse staffing as part of their "Birthing-Friendly" designation for high-quality maternity care.

Additional study authors include Jason Fletcher of NYU Meyers, Gay Landstrom of Trinity Health in Michigan, and Caryl Gay of UCSF. The research was supported by the Agency for Healthcare Research and Quality (grant R01HS025715).
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Guided self-help makes treating children with obesity easier and more affordable | ScienceDaily
Family-based behavioral treatment (FBT) is a clinically-proven approach to treating children with obesity in which a health care professional works with the family to help children lose weight by promoting physical activity, encouraging healthy eating habits, and teaching age-appropriate behavioral skills. While FBT is traditionally led by clinicians, researchers at University of California San Diego's Center for Healthy Eating and Activity Research (CHEAR) have now found that self-guided FBT is just as effective in helping children lose weight compared to traditional approaches. It is also more flexible in terms of scheduling, costs significantly less and requires fewer contact hours with a provider. The results were recently published in Pediatrics.


						
"Traditional FBT is an effective treatment for children with obesity, but it can be time-intensive, can only be offered at specific times, and is expensive, which makes families facing difficult financial circumstances less likely to seek treatment," said senior author Kerri Boutelle, Ph.D., director of CHEAR and professor in the Departments of Pediatrics and Psychiatry at UC San Diego School of Medicine and the UC San Diego Herbert Wertheim School of Public Health and Human Longevity Science. "By providing the same core skills as traditional FBT in a more flexible and condensed format, we can increase access to treatment for families who may not be able to participate in traditional group-based programs."

About one-in-five children in the U.S. has obesity, according to 2017-2018 data from the National Health and Nutrition Examination Survey (NHANES). Obesity is associated with a wide range of negative health outcomes in children, such as increased risk of developing type 2 diabetes, high blood pressure and asthma. Obesity in children is also associated with mental health concerns such as depression, anxiety, low self-esteem and social isolation. Unlike obesity in adults, which is often managed individually, helping children lose weight is a family effort.

The researchers developed a guided self-help version of FBT that can be delivered through 20-minute biweekly visits, providing written educational materials for families to work through in between sessions. Traditional FBT is more time intensive, and is offered in weekly 60-minute parent and child separate group sessions in addition to 20-minute biweekly sessions. To determine whether the self-guided approach was as effective as standard FBT, the researchers randomly assigned 150 parent/child pairs to receive either traditional or self-guided FBT. They then compared the children's weight loss during treatment and at follow-up visits six, 12 and 18 months later.

The researchers found that self-guided FBT resulted in similar child weight losses to traditional FBT, but with much less contact time with a provider: 5.3 hours for self-guided versus 23 hours for traditional FBT. The cost of self-guided FBT was also significantly lower than traditional FBT: $1,498 per family for self-guided versus $2,775 per family for traditional FBT.

By demonstrating the efficacy of self-guided FBT, the study offers a more accessible solution to the growing crisis of obesity among children and throws a wrench in the idea that helping children lose weight requires substantial clinical resources.

"Previous studies suggest that outcomes are improved with more contact hours, but our findings show that it may not be so simple," said Boutelle. "We're finding that the most important thing is working with parents, which can be done without a trained clinician. While some families may benefit from the standard approach, providing more flexible and accessible alternatives like self-guided FBT can help us make a wider impact on the epidemic of childhood obesity."
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No differences between dementia care approaches on patient behavioral symptoms or caregiver strain | ScienceDaily
New research comparing different approaches to dementia care for people with Alzheimer's disease and other dementias found no significant differences in patient behavioral symptoms or caregiver strain, whether delivered through a health system, provided by a community-based organization, or as usual care over an 18-month period.


						
However, the Dementia Care Study, also known as D-CARE, also found that caregiver self-efficacy -- a measurement of caregivers' confidence in managing dementia-related challenges and accessing support -- improved in both the health-system and community-based care approaches and was rated higher than in those receiving usual care. Higher self-efficacy was observed within 6 months of care delivery and remained consistent throughout the study.

"The D-CARE trial is the largest evaluation, to date, of different approaches to providing dementia care," said Dr. David Reuben, Archstone Professor of Geriatrics at the David Geffen School of Medicine at UCLA and principal investigator of the study. "Caregivers play an essential role in the lives of individuals with dementia, and their ability to manage stress and feel confident in their caregiving roles is crucial. Higher self-efficacy may lead to obtaining more resources and keeping persons with dementia in their homes."

The study will be published on Jan. 29 in the peer-reviewed Journal of the American Medical Association (JAMA).

Funded by the Patient-Centered Outcomes Research Institute and the National Institute on Aging, the D-CARE study aimed to compare the effectiveness of two established dementia care approaches to each other and to usual care. It comprised 2,176 persons with dementia and their caregivers and was conducted from June 2019 to August 2023.

The study was led by investigators at University of California, Los Angeles, with data management and statistics performed by the Yale Data Coordinating Center and was conducted at four clinical sites: Atrium Health Wake Forest Baptist, Baylor Scott & White Health, the University of Texas Medical Branch, and Geisinger Health. The study was supported by investigators at the Benjamin Rose Institute on Aging, University of Oklahoma Health Sciences Center, Cedars-Sinai Medical Center, and RAND. Participants were randomly assigned to one of three groups: health care system-based care delivered by Dementia Care Specialists (based on the UCLA Alzheimer's and Dementia Care Program), community-based organization-based care delivered by Care Consultants (utilizing Benjamin Rose Institute on Aging Care Consultation Program), or usual care.

"The study's results underscore the complexities of dementia care and the challenges in comparing dementia care models in a real-world setting, particularly during the COVID-19 pandemic," Reuben said. "Moreover, some benefits of the models may not have been fully captured in the trial's chosen primary and secondary outcomes." The effects of the interventions on health care utilization are still pending.

The findings from D-CARE have significant implications for healthcare systems, medical groups, community-based organizations, policymakers, and insurers working to improve dementia care. The study suggests that while health system and community-based dementia programs may not outperform routine care in reducing caregiver strain or managing patient behaviors, these programs help caregivers navigate the challenges of dementia care more effectively.

"These findings remind us that different approaches to dementia care can lead to comparable clinical outcomes and may be particularly valuable for institutions participating in the new Medicare Guiding an Improved Dementia Experience (GUIDE) program," Reuben said. "Additional analyses of D-CARE will provide further insight into the effectiveness of health system- and community-based dementia care."

The D-CARE study is funded by the Patient-Centered Outcomes Research Institute (PCS-2017C1-6534), a nonprofit institution, and the National Institute on Aging (R01 AG061078). The awards include four clinical trial sites. Additional support was provided by the Yale Program on Aging/Claude D. Pepper Older Americans Independence Center (P30AG021342), The National Center for Advancing Translational Science (NCATS) a component of the National Institutes of Health (NIH) (UL1 TR000142), The Mexican Health and Aging Study (R01AG018016), The UTMB Claude D. Pepper Older Americans Independence Center (OAIC) (P30 AG024832), The Dewey and Cynthia Robertson Fund for Wake Forest Geriatrics and the Wake Forest Alzheimer's Disease Research Center (P30 AG049638).
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Advanced brain circuit-mapping technique reveals new anxiety drug target | ScienceDaily
Weill Cornell Medicine investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.


						
In their study, published Jan. 28 in Neuron, the researchers examined the effects of experimental drug compounds that activate a type of brain-cell receptor called the metabotropic glutamate receptor 2 (mGluR2). While these receptors are found on neurons within many brain circuits, the team showed that activating them in a specific circuit terminating in an emotion-related brain region called the amygdala reduces signs of anxiety without apparent adverse side effects. Current treatments for anxiety disorders, panic disorder and associated conditions can have unwanted side effects including cognitive impairments.

"Our findings indicate a new and important target for the treatment of anxiety-related disorders and show that our photopharmacology-based approach holds promise more broadly as a way to precisely reverse-engineer how therapeutics work in the brain," said study senior author Dr. Joshua Levitz, an associate professor of biochemistry at Weill Cornell Medicine.

The co-first authors of the study are Drs. Hermany Munguba and Ipsit Srivastava, a former and current postdoctoral associate, respectively, in the Levitz lab, and Dr. Vanessa Gutzeit, a doctoral student in the Levitz lab at the time of the study.

Activating mGluR2 -- a tiny "dimmer switch" that reduces the synaptic transmission of its host neuron -- has been shown to have anxiety-reducing effects in prior preclinical and small clinical studies. However, the development of this drug class has been stymied in part by concerns over potential side effects. mGluR2 is found within many different brain circuits, and the drugs that target them often activate other members of the mGluR family as well, contributing to the possibility that these drugs will have unwanted side effects.

In the new study, Dr. Levitz and his team advanced the understanding of how mGluR2 activators work on the brain with their new toolkit for mapping circuit-specific drug effects. In initial experiments, they confirmed that a portion of the amygdala known as the basolateral amygdala (BLA) is the principal location where mGluR2-activating compounds exert their anxiety-reducing effects. With genetic tools and a special tracer-labeled virus that can move "upstream" along nerve fibers, they isolated two specific circuits that terminate in the BLA, express high levels of mGluR2 and induce anxiety signs in mice when active.

They next deployed a photopharmacology technique that was first developed by Dr. Levitz when he was a graduate student in the early 2010s. The technique uses small molecules that are tethered to mGluR2 and can activate the receptor -- in any brain circuit of interest -- when "switched on" by specific colors of light. The team found that in one of the BLA circuits, which runs from a brain region called the ventromedial prefrontal cortex, activating mGluR2 signaling reduced spatial avoidance, a classic anxiety sign in mice. However, this anxiety-reducing effect was accompanied by memory impairment, an unwanted side effect.




"This working memory deficit we observed may be a basis for the cognitive impairment associated with typical anxiety drugs," Dr. Levitz said.

In the other circuit, which runs to the BLA from a sensory and interoception (internal body-sensing)-integrating part of the brain called the insula, activating mGluR2 had different anxiety-reducing effects, normalizing sociability and feeding behavior. In this case, there were no apparent cognitive impairments -- indicating that this insula-BLA circuit could be investigated further as a possible side-effect-free target for treating anxiety and related conditions.

"One of the next steps will be to find a way to target this circuit selectively -- in other words, not via mGluR2, because mGluR2 is everywhere," Dr. Levitz said.

He and his colleagues are now pursuing that goal, he said, and are also using their new circuit-mapping toolkit to investigate other drug classes, including opioids and antidepressants.
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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Relative of deadly Hendra virus found in the US | ScienceDaily
Researchers at the University of Queensland have identified the first henipavirus in North America.


						
Dr Rhys Parry from the School of Chemistry and Molecular Biosciences said Camp Hill virus was confirmed in shrews in the US state of Alabama.

"Henipaviruses have caused serious disease and death in people and animals in other regions," Dr Parry said

"One of the most dangerous is the Hendra virus, which was first detected in Brisbane, Australia and has a fatality rate of 70 per cent.

"Another example is Nipah virus which has recorded fatality rates between 40 and 75 per cent in outbreaks in Southeast Asia, including in Malaysia and Bangladesh.

"The discovery of a henipavirus in North America is highly significant, as it suggests these viruses may be more globally distributed than previously thought."

Camp Hill virus was found in northern short-tailed shrews, a small mammal with wide distribution across Canada and the US.




Dr Parry said more research was needed to understand if it was a threat to people.

"The closest known henipavirus to Camp Hill virus that has caused disease in humans is Langya virus, which crossed from shrews to humans in China," Dr Parry said.

"This indicates that shrew-to-human transmission can occur."

Co-author Dr Ariel Isaacs said developing vaccines for the virus family was a focus for UQ researchers.

"The next step for this work is to characterise key surface proteins on the virus that are involved in cell entry to broaden our understanding of the virus family and identify better ways to protect against it," Dr Isaacs said.

The research was completed with help from UQ's Dr Naphak Modhiran and Professor Daniel Watterson, along with members of the Professor Wendy R. Hood lab at Auburn University and members of the Professor Vera Gorbunova and Professor Andrei Seluanov Laboratory at the University of Rochester.
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Urine-based test detects aggressive prostate cancer | ScienceDaily
Traditional approaches to prostate cancer screening involve blood tests, MRI, and biopsies.


						
However, in addition to being uncomfortable, some of these procedures result in overdiagnosis of low-grade cancers.

In a new study, researchers at the University of Michigan Health Rogel Cancer Center have clinically validated a previously developed urine test, which can potentially bypass these invasive procedures among men who are unlikely to benefit.

Prostate cancers are categorized based on their Gleason Grade or Grade Group.

Those with Gleason 3+4=7, or Grade Group 2, or higher are more likely to grow and cause harm in comparison with Gleason 6 or Grade Group 1 prostate cancers, which are considered non-aggressive.

The urine test, called MyProstateScore 2.0, or MPS2, looks at 18 different genes linked to high-grade prostate cancer.

The researchers had previously demonstrated that the test was effective in identifying GG2 or higher cancers, helping patients avoid unnecessary biopsies.




However, in that study, urine samples were obtained after a digital rectal examination.

"The process requires the prostate to be compressed, causing the release of cellular debris into a urine sample that the patient provides after the rectal exam," said Ganesh S. Palapattu, M.D., a professor of urology.

Such an examination may not be practical for many and is associated with some discomfort.

Developing a potential at-home test

In the study, the team modified the urine collection approach so that the MPS2 test could detect markers for prostate cancer, without requiring a prior rectal exam.

Using urine samples from a cohort of 266 men who did not undergo a rectal exam, they found that the test could detect 94% of GG2 or higher cancers and was more sensitive than blood tests.




Further, the team used mathematical models to demonstrate that the use of MPS2 would have avoided up to 53% of unnecessary biopsies.

"These results show that MPS2 has promise as an at-home test," Palapattu said.

"Its primary benefit is that the test can accurately predict your probability of developing aggressive prostate cancer, putting both the patient and physician at ease."

MPS2 can also help patients save on healthcare costs since it is significantly cheaper than an MRI.

The team is interested in repeating the study and corroborating their results with a larger, diverse population of men.

They're also hoping to study the test's performance in men as a surveillance screen for low-risk prostate cancer.

"MPS2 could potentially improve the health of our patients by avoiding overdiagnosis and overtreatment and allowing us to focus on those who are most likely to have aggressive cancers," Palapattu said.

MPS2 is currently available through Lynx Dx, a University of Michigan spin-off company that has an exclusive university license to commercialize MPS2. Patients interested in learning more can call the Michigan Medicine Cancer AnswerLine at 800-865-1125.
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New structures of a critical amyloid protein illuminated | ScienceDaily
The tiny protein known as transthyretin can cause big problems in the body when it misfolds after secretion. While healthy transthyretin moves hormones through blood and spinal fluid, misfolded versions of the protein form dangerous clumps in the heart and along nerves -- triggering a progressive and fatal disease known as transthyretin amyloidosis (ATTR). Up to a quarter of all men over the age of 80 have some degree of ATTR, which can cause shortness of breath, dizziness and tingling or loss of sensation in the extremities.


						
Now, Scripps Research scientists have uncovered new structures of transthyretin. Their findings, published in Nature Structural & Molecular Biology onJanuary 22, 2025, show how the three-dimension asymmetry of the protein may contribute to its instability. This discovery could also contribute to the development of new drugs for ATTR.

"We've unveiled a molecular complexity that has been hidden from researchers for decades, which enables us to design better medicines to stabilize transthyretin," says co-senior author Gabriel Lander, PhD, professor at Scripps Research.

"The new structures reveal differences in two thyroid hormone binding sites previously thought to be identical, and help explain why a drug binding to one site changes the ability of drugs to bind the opposing site," adds Jeffery Kelly, PhD, the Lita Annenberg Hazen Professor of Chemistry at Scripps Research and a co-senior author of the study.

To determine the three-dimensional structure of small proteins such as transthyretin, researchers often turn to crystallography, in which proteins are forced into a large, repetitive crystal structure before being imaged. However, the structure of a crystallized protein doesn't always reflect the conformation of individual free-floating proteins in the body.

Another method, cryo-electron microscopy (cryo-EM), flash-freezes proteins to catch them in their more natural structures. However, these frozen proteins are then suspended in a liquid and small proteins like transthyretin tend to get stuck at the air-liquid boundary rather than remaining fully submerged. This affects both the proteins' structural stability and the ability to illuminate their detailed structure.

To overcome this challenge, Lander's group developed a thin graphene-coated grid to which transthyretin molecules could naturally adhere. Then, they rapidly plunged this grid into liquid ethane to freeze the sample. This process trapped the transthyretin molecules in place on the graphene surface and preserved their natural conformations to mimic how they would appear when moving through the body's blood or fluids.




"We built on the 2019 work from the Yan lab at Princeton when making our grids. Getting the surface chemistry right is crucial for this type of study. With small proteins like transthyretin, creating a high-quality sample is just the beginning; analyzing the data is also part of the challenge," says Benjamin Basanta, PhD, a former research associate in the Lander Lab and first author of the new paper.

When the team tested the approach with transthyretin, they discovered that transthyretin forms asymmetric structures with two differently shaped binding pockets. Based on the more than 200 crystal structures that had been solved in the past, these binding sites had been assumed to be identical. The researchers showed that this variation was because the transthyretin complex was constantly wiggling between two different states -- like a molecular version of "breathing," according to Lander. This asymmetry in the native structure of transthyretin also presents a hypothesis for how the process of dissociation and misfolding could occur then lead to the clumping of the protein and subsequent disease.

Attaching the ATTR drug tafamidis -- developed by the Kelly lab -- to one or both of the transthyretin binding sites, they then found, stabilized the molecule and minimized this movement.

Now, Lander and his colleagues aim to study how this structure and its stabilization relate to ATTR, and how drugs targeting transthyretin could treat the disease. They also say that their graphene grid method could be used to determine the structures of other small and unstable proteins -- including the amyloid-beta peptide that builds up in the brain in Alzheimer's disease.

"The methodologies we've developed have opened new doors to avenues of treatment that could one day protect patients from not just TTR amyloidosis, but other amyloid diseases as well," says Lander.

This work was supported by the National Institutes of Health (GM142196, AG067594, DK046335) and a Postdoctoral Fellowship from the George E. Hewitt Foundation for Medical Research.
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Calorie labels on menus could make eating disorders worse | ScienceDaily
Calorie labels on restaurant menus are negatively impacting people with eating disorders, according to a new study published today in the BMJ Public Health.


						
The review, which is the first of its kind, is led by researchers at King's College London. It found that individuals who have been diagnosed with an eating disorder changed their behaviours if presented with a menu featuring calorie labels.

This included avoiding restaurants, triggering eating disorder thoughts and paying more attention to calorie labels as identified by eye tracking research.

The research found that some people with eating disorders reported that seeing menu labels reinforced their eating disorder beliefs.

The study evaluated existing research to help build a picture of how nutritional labels on menus impact people with a lived experience of eating disorders or disordered eating. It reviewed 16 studies from the UK, US, Canada and Saudi Arabia which included 8,074 participants in total.

The study highlights that people with eating disorders can feel that eating disorders are perceived as less important in the light of obesity prevention policies.

However, physical health cannot be measured by a single indicator such as weight. Some argue that calorie labels can be seen as a blunt instrument to fix a complicated problem and that people with eating disorders could be losing out.




Food labelling came into force in England in 2022. Restaurants, take-aways and cafes with 250 employees or more must display the calories of the food and drink they sell on menus, online menus and take-away platforms. The measure was an attempt to curb rising obesity levels. The United States and Canada have also made calorie displays mandatory, however, few policies targeting obesity have considered the potential impact on eating disorders.

The eating disorder charity Beat estimates that at least 1.25 million people in the UK have an eating disorder. The number of people admitted to hospital with an eating disorder has risen approximately 7% each year since 2005 -- 2006.

Senior author Dr Tom Jewell, Lecturer in Mental Health Nursing at King's College London, said: "Our study highlights that people with lived experience of eating disorders are frustrated at being left out of the conversation around calorie labels.

"Striking a balance between the positive and harmful impacts of calorie labels on menus is vital in any public health policies. Policymakers should consider the impact on both obesity and eating disorders when making decisions about nutrition labelling. A recent review found that calorie labelling has a modest effect on people's behaviour but this needs to be counterbalanced with the potential harm it does for people with eating disorders."

Co-author Dr Nora Trompeter, Research Fellow University College London, said: "Our study provides an important addition to the evidence base around calorie labels. Typically, there is a lot of focus on whether policies are effective in reducing obesity, but it is also critical to investigate whether these policies inadvertently harm people with eating disorders. Our review also shows that more research is needed to fully understand the impact of calorie labels on individuals with eating disorders. For example, none of the studies included young people."
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Moderate exercise keeps appetite at bay | ScienceDaily
A recent study involving researchers at Murdoch University's Health Futures Institute has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.


						
The study, titled "Acute effect of exercise on appetite-related factors in males with obesity," provides new insights into how exercise can aid appetite control and weight management.

One of the study authors, Associate Professor Timothy Fairchild from Murdoch's School of Allied Health, said the study confirms their previous work showing the benefits of incorporating regular exercise into daily routines for individuals looking to manage their weight and improve their overall health.

"People understand that exercise helps 'burn energy'. A lot of people assume that exercise also increases hunger and energy intake afterwards," Associate Professor Timothy Fairchild said.

"We have previously shown, using high-intensity exercise, that this is not the case.

"This latest study shows that even moderate-intensity exercise can have immediate and beneficial effects on appetite control in males with obesity."

The study not only assessed food intake and appetite, but also measured changes in hormones which help to regulate appetite.

"Despite a strong focus on weight loss drugs in society at present, this study shows that lifestyle factors still have a strong and relevant role in helping people to live their healthiest life," Associate Professor Fairchild said.

"In fact, the hormones which have been shown to increase after exercise, are the same hormones which the most successful weight loss drugs are mimicking."

"The added benefit of exercise is that you also receive the additional physical and mental health benefits of exercise."
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Microbial therapy offers new hope for vitiligo patients | ScienceDaily
A natural compound derived from gut-friendly bacteria significantly slows the progression of vitiligo and may restore pigmentation, reports a new Northwestern University pre-clinical study in mice.


						
The findings could offer hope to millions affected by the autoimmune disease, which causes visible patches of skin discoloration and carries profound emotional and physical consequences.

"The results in our model were astonishing," said senior study author I. Caroline Le Poole, a professor of dermatology and microbiology-immunology at Northwestern University Feinberg School of Medicine.

"We found that administering a microbial compound weekly to vitiligo-prone mice significantly suppressed disease progression. It made a spectacular difference in an aggressive model of the disease."

The study was recently published in the Journal of Investigative Dermatology.

How the study was conducted

Le Poole and her colleagues administered a microbial product weekly to vitiligo-prone mice over an 18-week period. By the end, pigment loss on the mice's backs was reduced by 74%.




The product reduced killer T cells that attack the skin's pigment and increased protective regulatory T cells, which are typically scarce in vitiligo patients.

"This simple microbial compound could work as a standalone therapy, or in synergy with existing treatments," Le Poole said.

Existing therapy has limitations

In 2022, the FDA approved the first re-pigmentation therapy for vitiligo: Opzelura (ruxolitinib) cream. Clinical trials found that only 30% of patients using the cream regained 75% or more skin re-pigmentation on the face.

"Our findings about the effectiveness of microbial therapy could give hope to patients who are not well-served by existing treatments," Le Poole said.

Vitiligo is more severe in patients with darker skin

Vitiligo affects 0.5% to 2% of the global population and is linked to other health challenges, including higher risks of cardiovascular disease, psychological distress and endocrine disorders.




Discoloration often appears on the face, scalp, hands and arms, as well as around body openings like the mouth and genitals. Many individuals with vitiligo also have at least one other autoimmune condition.

Le Poole, who has spent more than 30 years studying vitiligo, said the disease has been found to be more severe in people with darker skin tones. The visibility of the discoloration in people with darker skin can also amplify stigma and emotional distress.

"Patients often feel powerless as they watch their disease progress, unsure how they will look next month," Le Poole said. "For many, stabilizing the disease would be life changing."

While the disease can affect self-esteem -- particularly for adolescents navigating social pressures -- some people embrace it.

"We've seen beautiful models with vitiligo challenging societal norms, and that's wonderful," Le Poole added. "But for those who want treatment, it's important to provide real options that can halt disease progression."

Next steps

The next challenge is adapting the microbial product for human use. "Weekly injections could work, but we need to explore simpler options, like a food additive or ointment," said Le Poole. "We also need to understand how long the effects last and the best timing for treatment."

Le Poole added that the same microbial compound she and her colleagues injected in mice could potentially treat other autoimmune conditions, particularly those involving killer T cells in the skin.

"Our next step is collaborating with scientists from several institutions to refine the compound, understand its mechanisms and determine whether it works alongside existing treatments for auto-immune disease."

Le Poole's lab is located in the Robert H. Lurie Comprehensive Cancer Center at Northwestern University.
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New clues to the mechanism behind food tolerance and allergies | ScienceDaily
With every bite of food we take, our intestinal immune system must make a big decision. Tasked with defending us from foreign pathogens, these exquisitely sensitive cells somehow distinguish friend from foe -- destroying invaders while tolerating food and helpful bacteria. How the gut separates the good from the bad has long puzzled scientists.


						
Now, new research identifies specific gut cell types that communicate with T cells -- prompting them to tolerate, attack, or simply ignore -- and explains how these opposing responses are triggered. The findings, published in Science, give scientists a new understanding of how the intestinal immune system keeps the gut in balance, and may ultimately shed light on the root causes and mechanisms of food allergies and intestinal diseases.

"The big question is, how do we survive eating?" says lead author Maria C.C. Canesso, a postdoctoral fellow in the laboratories of Daniel Mucida and Gabriel D. Victora. "Why do our bodies normally tolerate food, and what goes wrong when we develop food allergies?"

Gut decisions

The intestinal immune system is complicated machinery. Tolerance to food begins with antigen presenting cells, or APCs, instructing T cells to stand down. This signal gives rise to pTregs, a special type of T cell that calms the immune response to food particles, and kicks off a cascade of activity involving additional immune cells that reinforce the message. But without knowing which specific APCs run the show, it's difficult to tease out the ins and outs of the body's eventual tolerance to food and intolerance to pathogens.

"There are so many types of antigen-presenting cells," Canesso says. "Pinpointing which ones are doing what is a longstanding technical challenge."

She began exploring this conundrum as a PhD student in the Mucida lab, which focuses on how the intestine balances defense with tolerance. During her postdoc, Canesso also joined the Victora lab, which developed a technology known as LIPSTIC that helps scientists catalogue cell-to-cell interactions, particularly among immune cells.




"The technological advances made by the Victora lab allowed us to understand immune cell dynamics that would not have been possible using existing tools," says Mucida, head of the Laboratory of Mucosal Immunology.

After optimizing LIPSTIC for the task, Canesso and colleagues succeeded in pinpointing those APCs that promote tolerance -- a process primarily handled by two types: cDC1s and Rorgt+ APCs. These cells capture dietary antigens from ingested food and present them to T cells, giving rise to the pTregs that ensure food tolerance.

"When we first developed LIPSTIC, we were aiming to specifically measure the interactions between B and T cells that promote antibody responses to vaccines," says Victora, head of the Laboratory of Lymphocyte Dynamics. "It was to Maria's credit that she was able to adapt this to settings so different from those it was originally intended for."

They also uncovered how infections of the intestines can cause interference, demonstrating in mice that the parasitic worm Strongyloides venezuelensis shifts the balance away from tolerance promoting APCs and toward those that promote inflammation. Indeed, mice infected with this worm during a first exposure to a dietary protein display reduced tolerance towards this protein, and signs of allergy when challenged.

Finally, the team characterized the molecular signals underpinning these immune shifts, identifying key cytokines and pathways that influence how APCs present antigens and modulate immune responses. For example, the infection induced a surge in pro-inflammatory cytokines such as IL-6 and IL-12, which have been shown to nudge APC activity toward inflammatory outcomes. This inflammatory environment appears to override the immune system's tolerance mechanisms. "The worm infection induces this an expansion of non-tolerogenic APCs that help deal with the infection, outnumbering the tolerance-related APCs," Canesso says.

From food to food allergies

Together, the findings illuminate how the immune system maintains food tolerance and, in the case of parasitic infections, highlights the specific immune mechanisms that can go awry. "It's important to note that our findings do not suggest that worm infections trigger food allergies," clarifies Mucida, head of the Laboratory of Mucosal Immunology. "They reduce tolerance mechanisms while the immune response focuses on dealing with the worms."

While these findings aren't directly relevant to food allergies, they do lay some groundwork for further investigation into food intolerance. "If food allergies are derived from dysregulation on intestinal APCs inducing tolerance and protective responses to infections, perhaps we could one day modulate those APCs specifically to prevent food allergies," Canesso says.

Next up, Canesso plans to shift her focus toward early life, exploring how maternal-neonatal interactions shape food intolerance. "Most allergies develop early in life," she says. "I want to focus on how breast milk and maternal exposure to dietary antigens may influence a baby's immune system, potentially shaping their risk of developing food allergies."
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Routine brain MRI screening in asymptomatic late stage breast cancer patients | ScienceDaily
A new study led by researchers at Moffitt Cancer Center shows that asymptomatic brain metastasis is more common in stage 4 breast cancer patients than previously believed. The study, published in Neuro-Oncology, suggests that doctors may need to rethink current screening guidelines for detecting brain metastasis in patients without symptoms.


						
Researchers examined 101 asymptomatic patients diagnosed with stage 4 breast cancer, including triple-negative, HER2-positive and hormone receptor-positive/HER2-negative breast cancer. These patients underwent MRI scans to check for brain metastasis, with a follow-up MRI six months later if the initial scan showed no signs of cancer spread.

Of the patients who completed the initial MRI, 14% had brain metastasis. The rates by subtype were:
    	18% in triple-negative breast cancer
    	15% in HER2-positive breast cancer
    	10% in hormone receptor-positive/HER2-negative breast cancer

After the second MRI, the number of patients with brain metastasis grew to about 25% in each subtype. Following diagnosis, patients went on to receive early treatment for their brain metastases, including changes in systemic therapy and local therapies.

"Our study suggests that asymptomatic brain metastasis is quite common in stage 4 breast cancer," said Kamran Ahmed, M.D., associate member and section chief for Breast Radiation Oncology at Moffitt and principal investigator of the study. "Although larger studies are needed to confirm our findings, given the improvements in systemic and local therapies for breast cancer brain metastasis, the time may be appropriate to reconsider current guidelines that recommend against routine MRI surveillance in late stage breast cancer."

This study was supported by the Florida Breast Cancer Foundation.
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Inherited gene elevates prostate cancer risk in affected families | ScienceDaily
A study of men with a family history of prostate cancer has discovered an inherited form of prostate cancer.


						
The inherited mutated gene WNT9B, which functions normally in embryonic prostate development, increases risk of adult prostate cancer, according to the Vanderbilt University Medical Center study published in JCO Precision Oncology.

This discovery was replicated in five independent study populations collectively encompassing one-half million patients from the U.S. and Europe, with the increased prostate cancer risk estimates ranging from two- to 12-fold, according to lead author Jeffrey Smith, MD, PhD, associate professor of Medicine in the Division of Genetic Medicine.

"Unlike breast cancer, relatively few high-risk prostate cancer genes have been established to date," Smith said.

"Inherited risk of prostate cancer is roughly twice that of breast cancer, but its genetic complexity is also considerably greater; this has been a formidable obstacle for global studies," he said.

A pathogenic gene mutation is a change in the DNA sequence of a gene that causes a person to have or be at risk of developing a certain genetic disorder or disease, such as cancer. Pathogenic variants can be inherited from a parent or occur during a person's lifetime.

Established high-risk prostate cancer genes now include WNT9B, HOXB13 (also functioning in embryonic prostate development), the 8q24 locus, andBRCA2.




"Risk for prostate cancer due to pathogenic WNT9B mutation is comparable to risk of breast cancer conferred by pathogenic mutations that are routinely tested for breast cancer care," Smith said. "Knowledge of inherited mutations can guide selection of effective treatments and can carry broader implications for a family."

Smith said future research will look at whether an inherited or acquired mutation may alter clinical outcome, motivating tailored precision care.

Other Vanderbilt authors include William Dupont, PhD, and Angela Jones, MS.

This work was supported by grants from the Veterans Health Administration, the V Foundation for Cancer Research, and National Institutes of Health grant P30CA068485. This research is based on data from the Million Veteran Program, Office of Research and Development, Veterans Health Administration, which was supported by MVP000 and MVP046.
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Testing the effect of thousands of compounds on cellular metabolism | ScienceDaily
Researchers at the University of Basel are able to test in parallel the effects of over 1500 active substances on cell metabolism. Their analysis also led to the discovery of previously unknown mechanisms for known medications. This approach might help scientists to better predict side effects and find additional uses for commercially available pharmaceuticals.


						
How do active substances alter metabolic processes in cells? Answering that question would provide valuable clues for the development of new medications. However, investigating such modes of action for a whole compound library would have been very resource-intensive in the past.

Researchers at the Department of Biomedicine at the University of Basel have just presented a method of testing the metabolic effects of thousands of active substances at the same time. They have published the results of this method, known as high-throughput metabolomics, in the scientific journal Nature Biotechnology.

Predicting side effects and interactions

"When we have a better understanding of exactly how active substances intervene in cell metabolism, the development of medication can be accelerated," explains Professor Mattia Zampieri. "Our method provides additional characterization of the substances, from which we can infer possible side effects or interactions with other medications."

The researchers, led by Dr. Laurentz Schuhknecht, lead author of the study, grew cells in thousands of little wells in cell culture plates. They then treated the cells in each well with one of over 1500 substances from a compound library, and used a method called mass spectrometry to measure how thousands of small biomolecules inside the cells (known as metabolites) change upon treatment.

This allowed the research team to gather data on the changes of over 2000 metabolic products in the cells for each active compound. They then compared these changes with those obtained from untreated cells via computer-aided analysis. This resulted in an overview of the effects on cell metabolism of each active substance, which gave them a very accurate picture of its respective mode of action.




New applications for tried and tested medications

"Commercially available drugs can influence cell metabolism much more than we had imagined," says Zampieri, summing up the results of the experiments. Particularly of note were the previously unknown modes of action of common medications. For example, the team discovered that tiratricol, a drug for treating a rare condition involving the thyroid gland function, aside its primary mode of action also influences the production of certain nucleotides, the building blocks for DNA synthesis.

"This medication would therefore potentially be a good candidate for a new field of application: modulating nucleotide biosynthesis and hence being used for instance in cancer therapy to inhibit tumor growth," says Schuhknecht.

Comprehensive data from high-throughput methods such as this, can help train artificial intelligence for designing new medications. "Our long-term vision is to match patient specific metabolic profiles of a disease with the mode of metabolic interference of thousands of compound candidates to unravel the best medication able to revert the molecular changes induced by the disease," says Zampieri.

In order to get closer to this vision, it is not only important to understand the action of the substances on metabolism, the pharmacologist emphasizes. It is equally important how the human body processes the active substances and thus how it changes their effect. The scientists are therefore conducting further research to examine the interaction between the body and active substances more closely.
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Blood test could guide use of anti-inflammatory drug celecoxib to reduce risk of colon cancer recurrence | ScienceDaily
A data analysis from a randomized clinical trial for stage 3 colon cancer patients by investigators at Dana-Farber Brigham Cancer Center found that patients with evidence of residual cancer in their blood after surgery to remove the cancer, may benefit from adding of celecoxib, to post surgery treatment. The analysis showed that patients with positive blood tests for circulating tumor DNA (ctDNA) had worse outcomes in general, but those who were treated with celecoxib, a non-steroidal anti-inflammatory drug, experienced significantly improved disease-free survival.


						
"This is one of the first studies to show that ctDNA status has predictive utility in terms of selecting patients that respond better to a drug," says Jonathan Nowak, MD, PhD, a pathologist at Dana-Farber Cancer Institute and Brigham and Women's Hospital who presents the study at the American Society of Clinical Oncology Gastrointestinal Cancers Symposium on Jan. 25, 2025, in San Francisco, Calif.

"These results add to our earlier findings that celecoxib improves survival for PIK3CA mutated colon cancer," says Jeffrey Meyerhardt, MD, MPH, senior author and co-director of the Colon and Rectal Cancer Center at Dana-Farber Cancer Institute. "These findings will help develop a personalized approach to additional therapy for patients with early-stage colon cancer."

Patients with stage 3 colon cancer are initially treated with surgery to remove the cancer in the colon and nearby lymph nodes. After this treatment, they typically receive adjuvant chemotherapy intended to reduce their risk of the cancer coming back. In a subset of these patients, however, the cancer returns, potentially rendering them incurable. A key research focus at Dana-Farber is finding ways to improve adjuvant therapies and stave off recurrence.

To investigate the use of celecoxib on disease-free survival in patients with stage 3 colon cancer, Meyerhardt and colleagues initiated a randomized clinical trial, the CALGB (Alliance)/SWOG 80702 trial, in 2010 with the Alliance for Clinical Trial in Oncology and the National Cancer Institute. The trial enrolled 2,526 patients between 2010 and 2015. After treatment, patients were randomized to receive adjuvant chemotherapy with fluorouracil, leucovorin, and oxaliplatin (FOLFOX) for three or six months with or without daily celecoxib for three years. Those taking celecoxib showed a moderate benefit, but the results, which were published in 2021, were not statistically significant.

Evidence has since emerged suggesting that anti-inflammatory drugs might benefit some patients with colon cancer, but not others. One possibility for this is that patients who have a blood test soon after surgery showing evidence of ctDNA have a higher risk to relapse and may benefit from additional therapies beyond standard chemotherapy. In this new study, investigators wanted to explore whether anti-inflammatory drugs might help stave off relapse in patients whose ctDNA test was positive soon after surgery.

When the original prospective celecoxib clinical trial was designed a decade ago, patients were assessed before and after surgery using imaging, which reveals where cancer cells have clustered, but has limited resolution. The ctDNA tests available today provide a more sensitive read on whether cancer remains after surgery by detecting microscopic fragments of tumor DNA in the blood.

The study team identified 1,011 of 2,526 patients who had participated in the original trial and had agreed to have blood drawn for research purposes that was available for analysis. They performed ctDNA tests on blood samples taken after surgery. This analysis revealed that patients with positive ctDNA generally had worse outcomes. However, those with positive ctDNA tests who had been prescribed celecoxib in addition to standard chemotherapy had significantly improved disease-free survival compared to those who received only standard chemotherapy. For those who had negative ctDNA tests, there was no significant difference between those taking celecoxib versus placebo.

"Based on this analysis, the benefits of celecoxib with chemotherapy look promising for early-stage colon cancer patients with positive ctDNA after primary treatment," say the investigators. "This evidence plus results from other ongoing studies will help determine which patients may benefit from celecoxib in addition to other standard treatments."

Funding: The Alliance for Clinical Trials in Oncology Foundation, National Cancer Institute, Natera, Inc.
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Over 1/3 of parents say their child has experienced dental problems that reflect oral hygiene habits | ScienceDaily
More than one in three parents say their child has faced issues like tooth decay, cavities, stained teeth, gum concerns or tooth pain over the past two years, a national poll suggests.


						
And these problems were linked to children's oral care routine, more commonly experienced among those who skipped dental hygiene recommendations or followed them less often, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

"Maintaining oral health from a young age, including regular brushing and flossing, helps prevent tooth decay, gum disease and other issues that make it difficult for children to eat and speak clearly," said Mott Poll Co-Director Sarah Clark, M.P.H.

"Over a third of parents in our poll reported their child does not regularly brush twice a day -- the most basic level of oral hygiene."

The nationally representative report is based on 1,801 responses from parents with at least one child aged 4-17 polled in August 2024.

Oral hygiene practices often neglected

Sixty-four percent of parents say their child brushes their teeth twice a day and roughly 60% say brushing lasts for at least two minutes.




But fewer parents say their child consistently follows other oral health recommendations. For example, only a third of parents report their child regularly brushes the tongue, and less than a quarter floss regularly, which helps remove hard-to-reach food remnants between the teeth.

Both the tongue and the crevices between teeth are areas that harbor bacteria that cause tooth decay, gum disease or bad breath, Clark notes.

In between brushing, rinsing the mouth with water after consuming sugary foods or beverages can help to prevent the sugar from adhering to the teeth; however, only 15% of parents report their child regularly uses this strategy.

Overall, just one in five parents say their child does at least four of the top six recommended oral health tasks on all or most days -- with less consistency reported among boys than girls. Children who followed fewer practices and did them less frequently had more oral health challenges.

"Regular oral health prevents plaque buildup and keeps gums healthy by preventing inflammation, bleeding, and infection," Clark said. "Teaching kids the importance of a comprehensive oral hygiene routine sets the foundation for lifelong oral health."

Over a third of parents polled have also noticed that their child has bad breath, which was more common among children who only followed one or less oral hygiene practices all or most days.




Most parents attribute their child's bad breath to "morning breath" or lack of brushing or flossing while less than a quarter cited smelly food, mouth breathing or dental problems.

"Neglecting oral health habits is not only harmful for overall health but can increase the risk of discolored teeth and bad breath, which can be embarrassing for children and cause low self-esteem," Clark said.

To improve oral hygiene, she adds, parents need to find ways to ensure that all family members have enough time in the morning and evening while also making sure children are brushing and flossing correctly.

Dental visits essential for catching problems early

Most parents polled say their child's most recent dentist visit was within the past year, but 7% said it was one to two years ago and 4% said it's been more than two years. Parents reporting their child follows 0-1 oral hygiene recommendations all or most days are also more likely to say their child has not had a dental visit in over a year

The American Dental Association recommends a dental visit every six months to discover early signs of decay, monitor the growth of teeth, and educate children and families on oral hygiene, Clark says.

"Each child's oral health needs are unique. Dentists can provide tailored recommendations; for example, some children will benefit from sealants or fluoride varnish to protect the teeth from sources of decay," she said.

"Early detection allows for timely intervention, often reducing the need for more invasive treatments later."
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Researchers pioneer DNA-tagged gold nanoparticles for targeted cancer treatment | ScienceDaily
A team of researchers from the National University of Singapore (NUS) has developed a novel method to enhance the precision of cancer treatment using gold nanoparticles tagged with DNA barcodes.


						
Led by Assistant Professor Andy Tay from the Department of Biomedical Engineering in the College of Design and Engineering and Institute of Health Innovation & Technology at NUS, the study demonstrates how gold nanoparticles of specific shapes, such as triangles, excel in delivering therapeutic nucleic acids and heating tumour cells during photothermal therapy. These findings uncover the distinct preferences of tumour cells for certain nanoparticle configurations, which could enable the development of personalised cancer treatments that are safer and more effective.

The team's novel technique, detailed in a paper published in Advanced Functional Materials on 24 November 2024, enables high-throughput screening of nanoparticle shapes, sizes and modifications, reducing associated screening costs. Beyond cancer treatment, the method has broader therapeutic applications, including RNA delivery and targeting diseases at the organ-specific level.

Size and shape matter

Gold is more than just bling. When reduced to about one-thousandth the width of human hair, gold nanoparticles shine as therapeutic agents for cancer therapy. For instance, specks of the precious metal are used in photothermal therapy, where particles delivered to the tumour site convert specific wavelengths of light to heat, killing surrounding cancer cells. Gold nanoparticles can also serve as messengers to deliver drugs directly to specific locations within a tumour.

"But for these gold nanoparticles to work, they first need to get into the targeted sites successfully," said Asst Prof Tay. "Think of it as a delivery person with a special key -- if the key doesn't fit the lock, the package won't get through."

Achieving this level of precision requires finding the right nanoparticle design -- its shape, size and surface properties must align with the preferences of target cells. However, existing screening methods to pinpoint optimal designs are akin to searching for needles in a haystack. Moreover, these methods often overlook the preferences of different cell types within a tumour, from immune to endothelial to cancer cells.




To tackle these challenges, the NUS researchers turned to DNA barcoding. Each nanoparticle is tagged with a unique DNA sequence, with which the researchers could tag and track individual designs, much like registering a parcel to be shipped by post in a delivery system. Importantly, these barcodes enabled the team to monitor multiple nanoparticle designs simultaneously in vivo, as their sequences could be easily extracted and analysed to locate the nanoparticles' whereabouts within the body.

"We used thiol-functionalisation to securely anchor the DNA barcodes to the surface of the gold nanoparticles. This ensures the barcodes remain stable, resistant to enzymatic degradation and do not interfere with cellular uptake," said Asst Prof Tay, highlighting an important novelty of the team's work.

To demonstrate this, the researchers prepared nanoparticles in six different shapes and sizes, where their distribution and uptake across various cell types were monitored. They found that round nanoparticles, despite showing poor uptake in cell culture studies, were excellent in targeting tumours in preclinical models as they were less likely to be eliminated by the immune system. On the other hand, triangular nanoparticles excelled in both in vitro and in vivo tests, resulting in high cellular uptake and strong photothermal properties.

Making cancer treatments safer

The team's work shines a light on nanoparticle interactions in biological systems and the need to bridge discrepancies between in vitro and in vivo findings, as evidenced by those revealed by the round gold nanoparticles. These insights could guide the development of shape-morphing nanoparticles or intermediate designs tailored to optimise different stages of drug delivery.

Additionally, the research also illuminates the untapped potential of exploring nanoparticle shapes beyond spheres, which dominate those approved by the U.S. Food and Drug Administration. The researchers' DNA barcoding method could also extend to screen other inorganic nanoparticles such as iron and silica in vivo, broadening the scope for drug delivery and precision medicine.

Looking ahead, the researchers are expanding their nanoparticle library to include 30 designs to identify candidates capable of targeting subcellular organelles. Suitable ones will then be tested for their efficacy in gene silencing and photothermal therapy for breast cancer. Asst Prof Tay also shared that the findings could significantly improve our understanding of RNA biology and advance RNA delivery techniques, which are increasingly being applied in therapeutics for treatment of various diseases.

"We have addressed a key challenge in cancer treatment -- delivering drugs specifically to cancer tissues with greater efficiency," said Asst Prof Tay. "The Achilles' heel of existing nanoparticle-based drugs is their assumption of uniform delivery across all organs, but the reality is that different organs respond differently. Designing optimally-shaped nanoparticles for organ-specific targeting enhances the safety and efficacy of nanotherapeutics for cancer treatment -- and beyond."
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Cell death and aging in cancer research review | ScienceDaily
Aging cells secrete substances known to promote the growth of cancer cells. The development of drugs that can selectively kill these cells or inhibit the secretion of substances is ongoing. The latest findings on the interaction between cell death and cellular senescence in cancer and their pathophysiological significance have been reviewed by a team from Osaka Metropolitan University's Graduate School of Medicine and Harvard Medical School.


						
Lecturer Kouhei Shimizu and Professor Fuminori Tokunaga of OMU and Dr. Hiroyuki Inuzuka of Harvard Medical School outlined the molecular mechanisms of various types of cell death and the changes in their regulatory factors that occur with age.

Since senescent cells often have resistance to apoptosis, the best characterized programmed cell death, the removal of this resistance has been a major goal of senescent cell removal therapy. On the other hand, it is not yet known how the relatively new types of inflammatory programmed cell death, such as necroptosis, pyroptosis, and ferroptosis, the molecular mechanisms of which have been rapidly elucidated in recent years, are regulated in senescent cells.

There are also many questions about whether therapies such as senescent cell removal therapy and senomorphics -- drugs that only target the harmful senescence-associated secretory phenotype without killing the senescent cells -- can be applied to these new types of programmed cell death, and there is little understanding of these either.

"In the last decade, the emerging field of cell death research has developed dramatically, but the relationship with cellular senescence is still undefined," Dr. Shimizu stated. "Various types of cell death are thought to have great potential as targets for the prevention and treatment of cancer and age-related diseases. We hope this review will accelerate the elucidation of cell death that is effective against senescent cells and the development of methods to inhibit the secretion of harmful substances."

The findings were published in Seminars in Cancer Biology.
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Individual cells can be connected to plastic electrodes | ScienceDaily
Researchers at Linkoping University have succeeded in creating a close connection between individual cells and organic electronics. The study, published in Science Advances, lays the foundation for future treatment of neurological and other diseases with very high precision.


						
"We could target individual cells and explore how this affected their ability to stay healthy and functional," says Chiara Musumeci, researcher at the Laboratory of Organic Electronics, LOE, at Linkoping University.

The brain is controlled by electrical signals that are converted into chemical substances in the communication between the brain cells. It has long been known that different parts of the brain can be stimulated with the help of electricity. But methods are often imprecise and affect large parts of the brain. Sometimes, metal electrodes are needed to hit the right part of the brain, which entails a risk that the hard electrode instead damages the brain tissue, causing inflammation or scarring.

A solution for treating specific parts of the brain could involve conductive plastics, also known as polymers.

"The goal is to combine biological systems with electrodes, specifically using organic conductive polymers. As polymers are soft and conformable and can transport both electricity and ions, they are preferable to conventional electrodes," says Chiara Musumeci.

Together with researchers at Karolinska Institutet, the research team at Campus Norrkoping has succeeded in anchoring the conductive plastic to individual living cell membranes. This opens up for future precise treatments of neurological diseases.

"At the moment, our results are rather general, which is a good thing, as our future research can explore what types of diseases this important tool would be suitable for. But more research is needed before we can say anything with any certainty," says Alex Bersellini Farinotti, researcher at Karolinska Institutet.




Previous attempts to anchor organic electronics at the cell surface have been made, but with genetically modified cells that make the membranes more receptive. In their present study, the researchers have not used genetically modified cells and yet managed to achieve a tight coupling without affecting the cell's other functions. This is the first time this has been done.

To succeed, the researchers used a two-step process where an anchor molecule is first used to create an attachment point in the cell membrane. At the other end of the molecule is a structure where the polymer electrode itself can attach.

The next step in the research is to get a more evenly distributed and stable anchoring over the membrane and to see how the polymer coupling behaves over time. Hanne Biesmans is a doctoral student at LOE and believes that there is great potential but also many challenges left to solve.

"We have taken a big step forward now. But we can't say with any certainty that it will work in living tissue. This is basic research, where we are now trying to figure out the way forward."
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Towards a new generation of human-inspired language models | ScienceDaily
Can a computer learn a language the way a child does? A recent study published in the leading journal Computational Linguistics by professors Katrien Beuls (University of Namur) and Paul Van Eecke (AI Lab, Vrije Universiteit Brussel) sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.


						
"Children learn their native language by communicating with the people around them in their environment. As they play and experiment with language, they attempt to interpret the intentions of their conversation partners. In this way, they gradually learn to understand and use linguistic constructions. This process, in which language is acquired through interaction and meaningful context, is at the core of human language acquisition," says Katrien Beuls.

"The current generation of large language models (LLMs), such as ChatGPT, learns language in a very different way," adds Paul Van Eecke. "By observing vast amounts of text and identifying which words frequently appear together, they generate texts that are often indistinguishable from human writing. This results in models that are extremely powerful in many forms of text generation -- such as summarizing, translating, or answering questions -- but that also exhibit inherent limitations. They are susceptible to hallucinations and biases, often struggle with human reasoning, and require enormous amounts of data and energy to build and operate."

The researchers propose an alternative model in which artificial agents learn language as humans do -- by engaging in meaningful communicative interactions within their environment. Through a series of experiments, they demonstrate how these agents develop linguistic constructions that are directly linked to their surroundings and sensory perceptions. This leads to language models that:
    	Are less prone to hallucinations and biases, as their language comprehension is grounded in direct interaction with the world.
    	Use data and energy more efficiently, resulting in a smaller ecological footprint.
    	Are more deeply rooted in meaning and intention, enabling them to understand language and context in a more human-like manner.

"Integrating communicative and situated interactions into AI models is a crucial step in developing the next generation of language models. This research offers a promising path toward language technologies that more closely resemble how humans understand and use language," the researchers conclude.
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An injectable hydrogel for local bone densification | ScienceDaily
Osteoporosis is a disease in which bone resorbs faster than it is formed, gradually weakening its structure over time and leading to fractures. Although the condition is well recognized, Dominique Pioletti, head of the Laboratory of Biomechanical Orthopedics in EPFL's School of Engineering, emphasizes that the economic and societal impacts of osteoporosis fractures are often underestimated.


						
"In the absence of effective preventive measures, around 40% of women aged 50 will suffer at least one major osteoporotic fracture; in men, the percentage is around 20%," he says. "Moreover, people often do not realize the severity of the condition. In the elderly, fractures of the femoral neck, near the hip, have a 20% mortality rate in the year following the fracture, and over half of those affected are never able to return to pre-fracture activities."

A diagnosis of osteoporosis is usually followed by treatment with systemic drugs that work either by decreasing the resorption rate of old bone (anti-catabolism) or boosting new bone production (anabolism). But both types of treatment can take up to a year to have an effect, leaving patients vulnerable to fracture in the meantime.

Pioletti and colleagues at EPFL start-up flowbone have developed an injectable hydrogel that targets rapid, localized increase in bone density. The team, in collaboration with Vincent Stadelmann at the Schulthess Klinik, Zurich, have recently reported a novel therapy that combines these hydrogel injections with traditional systemic drugs. The results, published in the journal Bone, show a four- to five-fold increase in bone density in the legs of rats with bone loss.

"In this work, we demonstrate for the first time that a combined therapy of a systemically delivered drug and local injection of our hydrogel delivers a rapid increase in bone density, and could therefore revolutionize the prevention of osteoporosis fractures," Pioletti says.

Boosting build-up while blocking breakdown

Most current osteoporosis treatments are systemic, and the few local treatments available take the form of pastes that harden into a kind of cement. The easily injectable hydrogel developed at EPFL and flowbone, on the other hand, is made of hyaluronic acid and hydroxyapatite nanoparticles, and is designed to mimic the natural minerals in bone.

The study results showed that standalone hydrogel injections significantly densified local bone two- to three-fold, independent of systemic therapy. But the most potent effect was seen in rats that received a systemic anabolic treatment (parathyroid hormone), plus the hydrogel mixed with the anti-catabolic drug Zoledronate: at the injection site, their bone density increased up to 4.8-fold in just 2-4 weeks.

"Our findings suggest that injectable hydrogels with localized anti-catabolic drug delivery can complement systemic anti-catabolic treatment, or bone-boosting systemic anabolic treatment, by rapidly increasing local bone density," Pioletti summarizes.

He adds that the flowbone team is now awaiting regulatory approval to move ahead with a clinical study in human patients. "We hope that such a study will allow us to demonstrate the benefit of our hydrogel in cases where patients require rapid bone densification, for example to support an implant where the bone is weak. Then, we want to build on this evidence, ultimately to develop therapies to prevent fractures due to osteoporosis."
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Escaping the endosome: Bend lipids improve LNP mRNA delivery and gene editing | ScienceDaily
Every time a shuttle docks with the International Space Station (ISS), a delicate dance unfolds between the shuttle's docking system and its counterpart on the station. Thanks to international standards, these mechanisms are universally compatible, ensuring astronauts and cargo can safely and seamlessly enter the station.


						
A similar challenge arises at the microscopic level when lipid nanoparticles (LNPs) -- the revolutionary drug delivery vehicles behind the COVID-19 vaccines -- attempt to deliver mRNA to cells. Optimizing the design and delivery of LNPs can greatly enhance their ability to deliver mRNA successfully, empowering cells with the disease-fighting instructions needed to transform medicine.

Escaping the Endosome

Unfortunately, even when LNPs reach their target cells, the nanoparticles are typically captured by endosomes -- tiny protective sacs within the cell. If LNPs can't escape, it's like a shuttle getting stuck in the docking process, the safety of the station just out of reach.

"If the endosomal escape process doesn't happen, LNPs become trapped and cannot deliver therapeutic cargo," says Michael J. Mitchell, Associate Professor in Bioengineering (BE) at the University of Pennsylvania School of Engineering and Applied Science (Penn Engineering). "They can make it all the way from a needle into the cell, but if they don't open that final barrier, they're useless."

A New Approach

A few years ago, researchers at Carnegie Mellon University made an intriguing discovery: adding a branch to the end of LNPs' normally linear lipid tails dramatically improved mRNA delivery. This discovery prompted Marshall Padilla, a postdoctoral fellow in the Mitchell Lab, to question if it could serve as the key to developing more effective lipids for mRNA delivery.




"Every day, researchers are making new lipids to enhance the efficacy and safety of LNPs," says Padilla. "But we lack a clear set of rules for designing better lipids."

Most research in the field is like a guessing game. Researchers test large libraries of lipid variations, without fully understanding why some work better than others. Padilla, who has a Ph.D. in Chemistry from the University of Wisconsin-Madison, believed that it might be possible to go beyond trial-and-error and design lipids with branched tails from the start to improve their ability to escape endosomes.

Introducing BEND Lipids

One major challenge in making these improved lipids was the difficulty of creating branched ionizable lipids -- key components of LNPs that change their charge to help them escape the endosome. These lipids are not commercially available in a branched form, so Padilla had to create them himself.

"The key issue was forming carbon-carbon bonds, which are notoriously difficult," says Padilla. "I used a complex mix of lithium, copper and magnesium to make the reaction work."

The result is a new class of lipids called branched endosomal disruptor (BEND) lipids. These unique, branched molecules help LNPs break through the endosomal membrane, making them more effective at delivering mRNA and gene-editing tools.




Improving mRNA Delivery

In a recent study in Nature Communications, Mitchell, Padilla and their collaborators demonstrate that BEND lipids improve LNP delivery of mRNA and gene-editing tools, in some cases by as much as tenfold.

After testing BEND lipids in a variety of experiments -- from editing genes in liver cells to running complex biochemical simulations -- the researchers concluded that BEND lipids reliably outperform even the LNPs used by Moderna and Pfizer/BioNTech, the makers of the COVID-19 vaccines.

"We found that our branching groups allow the lipids to help facilitate the escape of our payload from the endosome, where most cargo is destroyed, into the cytosol, where it can perform its intended therapeutic effect," says Padilla.

Designing Better Therapeutics

The researchers hope BEND lipids will not only improve LNP delivery but also inspire a new approach to designing lipids, moving away from trial-and-error methods. With a better understanding of how lipids work, researchers could better develop new delivery vehicles for cutting-edge treatments.

"Testing hundreds to thousands of LNPs and seeing which one works can be a major time, cost and labor burden -- many labs are not capable of doing this," says Mitchell. "You want to know the rules so you can design solutions efficiently and cost-effectively."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the National Institutes of Health (DP2TR002776), the National Institute of Dental and Craniofacial Research (T90DE030854), the Center for Innovation & Precision Dentistry (CiPD) at the University of Pennsylvania, iECURE, the National Science Foundation (NSF CHE-1827457), the Vagelos Institute for Energy Science and Technology, the Beckman Center for Cryo Electron Microscopy at the University of Pennsylvania Perelman School of Medicine (RRID: SCR_022375), and the Human Immunology Core and the Division of Transfusion Medicine and Therapeutic Pathology at the Perelman School of Medicine, which is supported in part by NIH P30 AI045008 and P30 CA016520.

Additional co-authors include Kaitlin Mrksich, Yiming Wang, Rebecca M. Haley, Jacqueline J. Li,Emily L. Han, Rakan El-Mayta, Emily H. Kim, Ningqiang Gong, Sridatta V. Teerdhala, Xuexiang Han, Lulu Xue, Zain Siddiqui, Hannah M. Yamagata, Dongyoon Kim, Il-Chul Yoon and Ravi Radhakrishnan of Penn Engineering; Sofia Dias of Penn Engineering and the University of Porto; and Vivek Chowdhary and James Wilson of Penn Medicine.
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Could fecal microbiota transplantation help patients heal after stem cell transplantation? | ScienceDaily
A new study shows that oral fecal microbiota transplantation (FMT) is a feasible and safe addition to preventing graft-versus-host disease in patients undergoing stem cell transplantation for blood cancers.


						
The study, published Jan. 25 in Nature Communications, is part of a phase 2 clinical trial led by clinicians at Fred Hutch Cancer Center. The study builds on earlier research of the role of the gut microbiome in helping patients recover after stem cell transplantation.

"The gut microbiome is an organ in itself, and it is connected to the immune system," said lead author Armin Rashidi, MD, PhD, a medical oncologist at Fred Hutch. "Since the process of stem cell transplantation damages the gut microbiome, we want to see if FMT will help restore microbial diversity and promote the beneficial bacterial species that support a healthy immune system."

The study included 20 patients who underwent allogeneic stem cell transplantations for various blood disorders including blood cancers. They then received FMT via oral capsules taken three times a day for seven days. The capsules contained a purified community of microbes derived from stool samples from three healthy donors.

The capsules were manufactured by the University of Minnesota Microbiota Therapeutics Program in accordance with the FDA-approved investigational protocols and strict pharmaceutical standards.

"Although the capsules were originally developed for treatment of recurrent Clostridioides difficile infection, they are now being investigated for a multitude of different indications," said Alexander Khoruts, MD, coauthor of the paper and a gastroenterologist at the University of Minnesota Medical School. "Unlike treatment of C. difficile, most indications require optimized formulations of gut microbes. The Fred Hutch trial illustrates this next phase in the development of donor-derived microbial therapeutics."

Key Findings:
    	Donor Differences Matter: The trial analyzed three different FMT donors and found notable differences in how well each one established itself in the recipient. Donor 3 emerged as the most effective, achieving a 67% microbiota engraftment rate. This means of all the microbes after FMT whose origin could be determined with certainty, 67% came from the donor and the remaining were from the patient. This "winning" donor was characterized by high levels of Bifidobacterium adolescentis, a beneficial microbe.
    	Microbiota Diversity Influences Success: Consistent with prior research, the study found that lower pre-FMT microbiota diversity in patients was associated with better donor microbiota engraftment. This suggests that less diverse pre-FMT gut environments may make it easier for transplanted microbes to establish themselves.
    	FMT is Safe: FMT was shown to be safe even in highly immunocompromised patients. The transfer of millions of live microbes to the patient did not cause any infections, likely because they were "healthy" microbes from a healthy donor. Engraftment reached 100% for some microbial species known to support overall gut health and protect against graft-versus-host disease.

"Our study shows that when done following proper regulation in a clinical trial, FMT is safe," Rashidi said. "There had been concerns of giving live microbes to people who are immunocompromised, but this study and our 2023 study before it show no major toxicity, which should be reassuring to patients and their families."




The Nature Communications paper reports on the clinical trial's "run-in" period, a preparation phase to find the best of three stool donors to be used for the larger randomized trial which is now actively enrolling patients.

The randomized phase 2 clinical trial, led by Rashidi, will study whether FMT improves health outcomes for patients undergoing allogeneic stem cell transplantation, such as less acute GVHD, fewer hospitalizations, fewer infections, better quality of life and longer survival. The trial will include 126 patients randomly assigned to either FMT from the "winning" donor identified from the Nature Communications study or to a placebo group. The trial site is at Fred Hutch in Seattle.

"The hope of using FMT with people receiving stem cell transplants is that FMT will help prevent acute GVHD without adding more immunosuppression, improve quality of life, and decrease mortality after transplant," Rashidi said. "Our findings published in Nature Communications give another evidence-based example of how the gut microbiome can be used to improve human health."

Other clinical trials investigating FMT focus on treatments for autism, colitis, inflammatory bowel disease, and irritable bowel syndrome. In 2023, the U.S. FDA approved oral FMT to treat an infectious form of diarrhea.

The study was funded by the Leukemia & Lymphoma Society and the National Institutes of Health's award to the Fred Hutch/University of Washington/Seattle Children's Cancer Consortium. Manufacturing of the FMT product and placebo was partially supported by Achieving Cures Together, a nonprofit organization.
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New numbering system facilitates comparability of protein domains | ScienceDaily
Adhesion GPCRs are a group of cell-surface sensors associated with many body functions and diseases. However, they are not yet sufficiently understood to be exploited for therapies. Collaborative Research Centre (CRC) 1423 at Leipzig University aims to change this. Scientists at the Faculty of Medicine have now developed an innovative numbering system for the GAIN domain, a protein domain common to all adhesion GPCRs. It should help to better understand the role of this protein domain in disease and pave the way for more precise experimental approaches. The research has been published in the journal Nature Communications.


						
Adhesion G protein-coupled receptors are a large class of membrane proteins that detect chemical and mechanical stimuli in the body. The GAIN domain plays a central role in the activation of adhesion GPCRs. Until now, research has been limited by the low similarity of the amino acid sequences of different GAIN domains, which has hampered knowledge transfer and comparative analysis. The new numbering system, developed by researchers at Leipzig University, provides a standardised basis for the accurate transfer of research results between different model systems and humans. It is based on the analysis of over 14,000 modelled structures in the GAIN domain, generated using the latest AI techniques.

Peter Hildebrand, Professor of Membrane and Cell Biophysics at Leipzig University, who led the international study, says: "Our new numbering system is an important step forward in GPCR research. It will facilitate basic research and encourage comparative studies. It provides a solid foundation for further research in biochemistry, bioinformatics and structural biology." For example, the newly developed system enables a better understanding of disease-relevant mutations in GAIN domains, providing a deeper insight into their role in diseases such as cancer.

Analysis useful for kidney disease 

In the new study, the scientists found that their numbering system also made it possible to analyse and compare the GAIN domains of polycystic kidney disease proteins. This genetic disease causes fluid-filled cysts to form in the kidneys and other organs.

Florian Seufert, first author of the paper and a doctoral researcher at the Institute of Medical Physics and Biophysics, says: "The interdisciplinary work in CRC 1423 and our contacts in Berlin and Copenhagen bring a variety of perspectives to such a project. This has allowed us to develop our system in a user-friendly way, opening the door to many new research opportunities. We are already using the system to support two projects in which we are further investigating the function of the GAIN domain."

The new numbering system has been integrated into the widely used international database on GPCRs, facilitating global access and knowledge sharing for researchers.
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People with schizophrenia have an altered ability to visually perceive contrast | ScienceDaily
Schizophrenia is a serious mental disorder that affects around 1% of the world's population. Researchers of the University of Barcelona have identified a deficit in contrast perception in people with schizophrenia. According to a review of more than 600 studies, these patients have an impaired ability to see differences in light intensity between adjacent areas, which allows us to identify shapes, textures and details in the environment.


						
These results could help to decipher dysfunctions in the neural and computational mechanisms of schizophrenia. Furthermore, this perceptual alteration could also be explored as a potential non-invasive biomarker for the diagnosis or monitoring of this disorder. However, the authors stress the need for further studies to confirm this relationship and to clarify the role of other factors such as medication in this visual disturbance.

The article, published in the journal Schizophrenia Bulletin, is signed by researchers Daniel Linares and Cristina de la Malla, together with master's student Aster Joostens, from the Vision and Control of Action Group of the Faculty of Psychology and the UB Institute of Neurosciences (UBneuro).

A key indicator of visual function

The symptoms of schizophrenia are characterized by alterations in thinking and behaviour, such as loss of contact with reality, delusions or hallucinations, but there are also abnormalities in the perception of visual stimuli, such as deficits in the perception of colour or contrast. Understanding these abnormalities may provide clues as to how information processing disturbances contribute to the characteristic symptoms of schizophrenia. "Contrast perception is one of the most fundamental abilities of vision, as without it, we cannot adequately perceive the environment and the objects in it, which can compromise everyday tasks such as moving through space, recognizing faces or reading," explains the research team, part of the Department of Cognition, Development and Educational Psychology.

The neural mechanisms involved in this alteration could be related to the levels of glutamate, a neurotransmitter thought to play a central role in the pathogenesis of the disease. "A decrease in this neurotransmitter can lead to reduced neural activity in the brain areas responsible for processing contrast. Consequently, a decrease in contrast sensitivity, although not of great magnitude, may reflect an underlying impairment in the glutamatergic system of affected individuals," note the experts.

Contrast sensitivity testing could therefore be "a valuable tool for identifying individuals with schizophrenia who show a more pronounced dysfunction in this neurotransmitter pathway. For example, these patients could be ideal candidates for clinical trials evaluating drugs that specifically target glutamatergic signalling," they state.




According to a review of more than 600 studies, these patients would have difficulty in detecting differences in light intensity between adjacent areas, without which they cannot adequately see their surroundings and objects.

Unravelling the impact of medication and care

The results of the study show a large-scale impairment in contrast perception in people with schizophrenia, but also that this dysfunction may be influenced by other factors. "In the study, we have identified a relationship with the dose of antipsychotic medication administered, suggesting that the impairment may be at least partially due to the effects of the medication," they note.

Moreover, it would be crucial to know in more detail what the role of attention, as none of the studies reviewed have considered that patients may perform the test less focused -- although, according to the experts, these people are known to be more prone to attentional lapses. "A deficit in performing a perceptual or cognitive task may derive from a specific impairment in the processes that the task is designed to assess, but it could also reflect a more generalized cognitive impairment, such as attention lapses, which could be estimated by the proportion of errors in easy tests," they explain. The fact that the studies have not taken this factor into account "opens up the possibility that these lapses contribute to the deficit that has been observed," they add. Thus, to determine whether the impairment is directly caused by the illness and to use this indicator as a biomarker of psychosis, the researchers stress the need for further studies with experimental designs that allow the uncoupling of perceptual attention deficits and that include populations with psychotic symptoms, with little or no medication. "In this line, we are currently measuring contrast sensitivity in patients with anti-NMDAR encephalitis, a disease in which there is also psychotic symptomatology, using a paradigm that includes control tests to monitor their attention," they conclude.
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Innovative one-minute video game boasts 80% success rate in diagnosing autism | ScienceDaily
A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.


						
Developed by researchers at Kennedy Krieger Institute and Nottingham Trent University, the tool, called the Computerized Assessment of Motor Imitation (CAMI), uses motion-tracking technology to detect differences in motor imitation skills.

In the study, 183 children, ages 7-13, were asked to copy the dance-like movements of a video avatar for one minute, while their imitation performance was measured using CAMI. The video game tool was able to correctly distinguish children with autism vs. neurotypical children with a 80% success rate. CAMI also differentiated autism from ADHD with 70% accuracy. Researchers say that this is a particular challenge because ADHD and autism often co-occur, and it can be hard to identify the diagnoses, even by expert clinicians.

Dr. Stewart Mostofsky, a pediatric neurologist and director of the Center for Neurodevelopmental and Imaging Research at Kennedy Krieger Institute and co-author of the study, says this tool is a step forward in how we diagnose autism.

"Diagnosing autism can be challenging, especially when children have overlapping traits with other conditions like ADHD. If the condition is misdiagnosed, it can impact support and resources for the child." said Dr. Mostofsky.

It is often time-consuming to diagnose autism, requiring highly trained clinicians and costing families an estimated $1,500 to $3,000 annually, according to the U.S. National Library of Medicine.

Dr. Bahar Tuncgenc, senior author and social development expert at Nottingham Trent University, said: "Autism is traditionally seen as a social-communication disorder, but we now know sensory-motor difficulties, like motor imitation, play a key role in shaping social and communication skills. CAMI identifies autism by tapping into these challenges, which are distinct from ADHD." She added, "What makes CAMI exciting is its simplicity. Video games are fun for kids, fast for clinicians, and provide clear results."

With further development, CAMI could be adapted for younger children and those with more severe developmental challenges, broadening its impact. Researchers hope CAMI's success inspires new ways to simplify and improve diagnostic tools for other conditions.

"This tool could transform autism diagnoses worldwide," said. Dr. Mostofsky. "By identifying autism as precisely as possible, we can connect children to interventions that improve their quality of life and long-term outcomes. We want to see CAMI used widely in clinics to support diagnosis as an alternative that is quick, low-cost, and requires minimal set-up."
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How simple prompts can make partially automated cars safer | ScienceDaily
A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.


						
Partially automated driving systems -- such as adaptive cruise control and technologies that keep a car in its lane or automate lane changes -- are increasingly common in new vehicle models. However, these technologies do not allow a car to drive itself.

"Drivers still need to be aware of their surroundings and be able to take control of the vehicle at any time, in order to deal with system failures or other unexpected situations," says Jing Feng, corresponding author of a paper on the work and a professor of psychology at North Carolina State University. "Ensuring that drivers are engaged and able to assume control of the vehicle is a significant challenge."

"Our work here focused on assessing whether conversational prompts from the partially automated system are effective at keeping drivers engaged and, by extension, better able to take control of the vehicle in a timely way," says Xiaoliu Bai, first author of the paper and a Ph.D. student at NC State.

In this context, a conversational prompt consists of an audio cue -- such as a beep -- and a text message asking the driver to answer a question about the driving environment. For example, "Is the speed limit still 55 miles per hour?" or "Is the vehicle behind you following at a safe distance?"

To assess the effectiveness of conversational prompts at maintaining driver engagement, the researchers conducted two experiments.

In the first experiment, the researchers recruited 24 study participants. Using a vehicle simulator, all 24 participants went on six "drives." During some of the drives, participants received no prompts. During some of the drives, participants received driving-oriented conversational prompts. And during the remaining drives, participants received conversational prompts unrelated to driving, with questions such as "Did you eat breakfast this morning?" In all six drives, the study participant was required to take over the vehicle at some point.




In the second experiment, the researchers recruited 24 different study participants. The participants went on the same six "drives" under the same conditions. However, in the second experiment, the study participants were also offered a cash reward for solving anagrams on their phone while driving.

"We asked the participants in Experiment 2 to solve anagrams because that is a non-driving-related task that is cognitively demanding," Bai says. "And it made a significant difference."

The researchers found that study participants in Experiment 1 did the best job of taking over the vehicle promptly when they were receiving and interacting with driving-related conversational prompts. However, even the conversational prompts unrelated to driving improved performance when compared to study participants receiving no prompts at all.

But in Experiment 2, when participants were engaged in a cognitively demanding task, driver performance suffered across the board -- and the prompts made virtually no difference.

"Processing driving-related information is clearly valuable at helping maintain driver engagement," says Feng. "However, our findings also underscore the importance of having drivers maintain the proper cognitive workload when driving with partially automated systems.

"If the cognitive workload is too high, as in Experiment 2, drivers are too distracted to engage effectively with driving tasks and responsibilities," says Feng. "But if the workload is too low, drivers get bored. That is likely why, in Experiment 1, even prompts that had nothing to do with driving improved driver performance; those prompts helped maintain the proper workload."

"A clear takeaway message here is that incorporating driving-related prompts into partially automated driving systems can improve driver performance at taking the wheel when necessary, which has real-world ramifications for traffic safety," Bai says.

"Another takeaway message is that even these prompts are insufficient to improve driver performance when drivers are cognitively engaged in demanding non-driving-related tasks," Bai says. "Additional research is needed to see what, if anything, can be done to mitigate these situations."
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Simple ways to improve the wellbeing of pediatric critical care staff | ScienceDaily
The Staff Wellbeing (SWell) project, led by Aston University researchers in collaboration with Birmingham Children's Hospital and NHS England, has developed two simple, easy-to-deliver sessions to improve the wellbeing of staff in paediatric critical care (PCC) units in UK hospitals.


						
PCC staff are known to experience high levels of moral distress, symptoms of post-traumatic stress disorder (PTSD) and burnout, but often feel little is offered to help them with their mental health. The SWell team at Aston University, led by Professor Rachel Shaw from the Institute of Health and Neurodevelopment, realised following a literature review that there are no existing, evidence-based interventions specifically designed to improve PCC staff wellbeing. Initial work by SWell identified the 'active ingredients' likely to create successful intervention designs.

Together with a team from NHS England, the Aston University researchers set up the SWell Collaborative Project: Interventions for Staff Wellbeing in Paediatric Critical Care, in PCC units across England and Scotland. The aim of the project was to determine the feasibility and acceptability of implementing wellbeing interventions for staff working in PCC in UK hospitals. In total, 14 of the 28 UK PCC units were involved. One hundred and four intervention sessions were run, attended by 573 individuals.

Professor Shaw said:

"The significance of healthcare staff wellbeing was brought to the surface during the COVID-19 pandemic, but it's a problem that has existed far longer than that. As far as we could see researchers had focused on measuring the extent of the problem rather than coming up with possible solutions. The SWell project was initiated to understand the challenges to wellbeing when working in paediatric critical care, to determine what staff in that high-pressure environment need, and what could actually work day-to-day to make a difference. Seeing PCC staff across half the paediatric critical care units in the UK show such enthusiasm and commitment to make the SWell interventions a success has been one of the proudest experiences in my academic career to date."

The two wellbeing sessions tested are low-resource and low-intensity, and can be delivered by staff for staff without any specialist qualifications.

In the session 'Wellbeing Images', a small group of staff is shown images representing wellbeing, with a facilitated discussion using appreciative inquiry -- a way of structuring discussions to create positive change in a system or situation by focusing on what works well, rather than what is wrong.




In the 'Mad-Sad-Glad' session, another small group reflective session, participants explore what makes them feel mad, sad and glad, and identify positive actions to resolve any issues raised.

The key ingredients in both sessions are social support -- providing a psychologically safe space where staff can share their sensitive experiences and emotions without judgement, providing support for each other; self-belief -- boosting staff's self-confidence and ability to identify and express their emotions in response to work; and feedback and monitoring -- encouraging staff to monitor what increases their stress, when they experience challenging emotions, and what might help boost their wellbeing in those scenarios.

Feedback from staff both running and participating in the SWell interventions was very positive, with high satisfaction and feasibility ratings. Participants like that the session facilitated open and honest discussions, provided opportunities to connect with colleagues and offered opportunities for generating solutions and support.

One hospital staff member responsible for delivering the sessions said:

"Our staff engaged really well, and it created a buzz around the unit with members of the team asking if they could be 'swelled' on shift. A really positive experience and we are keeping it as part of our staff wellbeing package."

The team concluded that even on busy PCC units, it is feasible to deliver SWell sessions. In addition, following the sessions, staff wellbeing and depression scores improved, indicating their likely positive impact on staff. Further evaluations are needed to determine whether positive changes can be sustained over time following the SWell sessions.

The work was funded by Aston University Proof of Concept Fund and NHS England.

Donna Austin, an advanced critical care practitioner at University Hospital Southampton paediatric intensive care unit, said:

"We were relatively new to implementing wellbeing initiatives, but we recognised the need for measures to be put in place for an improvement in staff wellbeing, as staff had described burnout, stress and poor mood. SWell has enabled our unit to become more acutely aware of the needs of the workforce and adapt what we deliver to suit the needs of the staff where possible. Staff morale and retention has been the greatest outcomes from us participating in the SWell study and ongoing SWell related interventions."
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First mouse with two male parents to reach adulthood | ScienceDaily
A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results, publishing on January 28, 2025, in the Cell Press journal Cell Stem Cell, describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.


						
Scientists have attempted to create bi-paternal mice before, but the embryos developed only to a certain point and then stopped growing. Here, the investigators, led by corresponding author Wei Li of the Chinese Academy of Sciences (CAS) in Beijing, focused on targeting imprinting genes, which regulate gene expression in a number of ways. "This work will help to address a number of limitations in stem cell and regenerative medicine research," says Li.

"The unique characteristics of imprinting genes have led scientists to believe that they are a fundamental barrier to unisexual reproduction in mammals," says co-corresponding author Qi Zhou, also of CAS. "Even when constructing bi-maternal or bi-paternal embryos artificially, they fail to develop properly, and they stall at some point during development due to these genes."

Earlier attempts to make a bi-paternal mouse used ovarian organoids to derive oocytes from male pluripotent stem cells; those ooctyes were then fertilized with sperm from another male. However, when the homologous chromosomes -- the chromosomes that divide during meiosis to create oocytes and sperm -- originated from the same sex, imprinting abnormalities arose, leading to severe developmental defects.

In this study, the researchers modified 20 key imprinting genes individually using a number of different techniques, including frameshift mutations, gene deletions, and regulatory region edits. They found that not only did these edits allow the creation of bi-paternal animals that sometimes lived to adulthood, but they also led to stem cells with more stable pluripotency.

"These findings provide strong evidence that imprinting abnormalities are the main barrier to mammalian unisexual reproduction," says co-corresponding author Guan-Zheng Luo of Sun Yat-sen University in Guangzhou. "This approach can significantly improve the developmental outcomes of embryonic stem cells and cloned animals, paving a promising path for the advancement of regenerative medicine."

The researchers note several limitations that their work still needs to address. For one thing, only 11.8% of the viable embryos were capable of developing until birth, and not all the pups that were born lived to adulthood due to developmental defects. Most of those that did live to adulthood had altered growth and a shortened lifespan. Also, the mice that lived to adulthood were sterile, although they did exhibit increased cloning efficiency.

"Further modifications to the imprinting genes could potentially facilitate the generation of healthy bi-paternal mice capable of producing viable gametes and lead to new therapeutic strategies for imprinting-related diseases," says co-corresponding author Zhi-Kun Li of CAS.

The team will continue to study how modifying imprinting genes may lead to embryos with higher developmental potential. They also aim to extend the experimental approaches developed in mice to larger animals, including monkeys. However, they note that this will require considerable time and effort because the imprinting gene combinations in monkeys differ significantly from those in mice. Whether this technology will ultimately be applied towards solving human disease remains unclear. The International Society for Stem Cell Research's ethical guidelines for stem cell research does not allow heritable genome editing for reproductive purposes nor the use of human stem cell-derived gametes for reproduction because they are deemed as currently unsafe.
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Novel lab-on-chip platform promises to expedite cancer diagnoses | ScienceDaily
Cancer accounted for nearly 10 million deaths in 2020 -- almost one in every six deaths globally -- according to the World Health Organization. Because the detection of abnormal diseased cellular growth often occurs too late, timely cancer diagnosis remains one of humanity's most pressing and elusive medical objectives. Recent research has focused on the detection in peripheral blood of rare circulating tumor cells (CTCs), which serve as noninvasive markers that can help inform diagnoses.


						
It is inherently difficult to separate controllable target cells to examine. Traditional methods typically require elaborate sample preparation, substantial equipment, and large sample volumes -- and even then, it is not easy to efficiently separate the cells in question.

In Physics of Fluids, by AIP Publishing, a pair of researchers at the K. N. Toosi University of Technology in Tehran, Iran, proposed a novel system that uses standing surface acoustic waves to separate CTCs from red blood cells with unprecedented precision and efficiency. The platform that Afshin Kouhkord and Naser Naserifar developed integrates advanced computational modeling, experimental analysis, and artificial intelligence algorithms to analyze complex acoustofluidic phenomena.

"We combined machine learning algorithms with data-driven modeling and computational data to fine-tune a system for optimal recovery rates and cell separation rates," said Naserifar. "Our system achieves 100% recovery at optimal conditions, with significant reductions in energy consumption through precise control of acoustic pressures and flow rates."

As various ways of enriching particles through microfluidics have emerged, those that employ acoustofluidics are especially promising because they are biocompatible, generate high-force magnitudes at MPa pressure ranges, and produce cell-scale wavelengths.

With their particular method, the researchers included an innovative use of dualized pressure acoustic fields, which doubles the impact on target cells, and strategically located them at critical channel geometry positions on a lithium niobate substrate. By means of acoustic pressure applied within the microchannel, the system design provides for the generation of reliable datasets that illustrate cell interaction times and trajectory patterns, which will help predict tumor cell migration.

"We have produced an advanced, lab-on-chip platform that enables real-time, energy-efficient, and highly accurate cell separation," said Kouhkord. "The technology promises to improve CTC separation efficiency and open new possibilities for earlier and more effective cancer diagnosis. It also paves the way for microengineering and applied AI in personalized medicine and cancer diagnostics."
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Strategic corporate social responsibility can create social, economic value | ScienceDaily
Strategic corporate social responsibility (CSR) efforts that are directly related to a hospitality company's core business operations and competencies can help companies create both social and business value, according to researchers in the Penn State School of Hospitality Management.


						
Led by Penn State Professor of Hospitality Management Seoki Lee, the research team developed a strategic framework to help hospitality companies optimize their CSR activities -- like environmental and social initiatives -- to obtain greater social and business value. The researchers published their work in the journal Tourism Economics.

"When it comes to strategic CSR, it is a company's core business operations and competencies that matter most," Lee said, pointing to a restaurant participating in food donation programs as an example of strategic CSR matching with a company's core business operations and competencies. "If a business is participating in CSR activities, those activities must be directly related to the company's core business operations and competencies. When they do that, they can create not only social value but also business value for the company itself."

The research team's strategic CSR framework consists of four components: shared value, enlightened stakeholder theory, resource-based theory and CSR-fit perspective.

Shared value relates to the need for companies to ensure CSR activities create both social and business value, such as a coffee shop working with local farmers to cultivate plants and harvest coffee beans in an environmentally friendly manner. By doing so, the company would add social value through supporting environmentally friendly practices and business value by gaining access to a key product.

Enlightened stakeholder theory centers around a company's ability to maximize long-term value from strategic CSR. Enlightened stakeholder theory shows that the economic return a business may receive from strategic CSR practices are generally long-term in nature, as it takes time for businesses to inform stakeholders about the benefits of CSR investments and the financial market to understand and recognize the true value of CSR investments, according to Lee.

The final two components of the framework consist of CSR fit and resource-based theory. CSR fit ensures a company's CSR positioning is aligned with its operations or competencies. Resource-based theory demonstrates how strategic CSR can improve a company's relationship with various stakeholders, such as when CSR engagement improves brand image and thus enhances the company's relationship with its consumer base.




"Companies must take care of social and environmental issues," Lee said. "When they know they must tackle those issues, they must ask, 'What is the best way to do that? What is the best way to create the most value?' Companies should aim to optimize the social and business value of CSR at the same time."

To understand perceptions of this strategic CSR framework, the researchers surveyed 310 participants recruited via a Qualtrics panel list. The survey asked participants how they perceived inclusion of business value in CSR and how people perceive CSR activities that relate to a company's core operations and competencies. Participants were also asked to rate both a restaurant and hotel company on how effective they were in implementing different CSR practices, some of which coincided closely with each respective industry, and others that did not.

Lee said the survey results indicate people perceive CSR to be more effective when a company's activities strategically relate back to its core operations and competencies, which supports the researchers' four-component framework.

"Many large corporations may try to do everything or a lot of things, as they have the interests of many stakeholders to take care of," Lee said. "However, if these corporations focus on a more limited number of CSR activities that are aligned with their core competencies, they can create increased business value while also creating greater social value. Creating business value is equally as important as creating social value because businesses may struggle to continue their CSR efforts if they do not generate economic value in return."

Penn State doctoral student Samantha Hwang, Minjung Shin of the University of Houston and Kyung Ho Kang of Kyung Hee University collaborated on this research.
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Genetic 'fingerprint' to predict drug resistance in bacteria | ScienceDaily
Antibiotic resistance is a global public health crisis responsible for more than a million deaths annually. By 2050, the World Health Organization estimates it could surpass cancer and heart disease as the leading cause of death as more bacteria develop defenses to the drugs designed to combat them.


						
Now Tulane University researchers have identified a unique genetic signature in bacteria that can predict their likelihood of developing antibiotic resistance, according to a new study published in Nature Communications. The findings could help researchers more quickly identify precision-based treatments that are more effective against the deadly, treatment-resistant pathogens.

"If we see this pattern when we sequence its genome, we can expect it to become drug-resistant if you try to treat it," said lead author Kalen Hall, PhD, who spearheaded the research before graduating from Tulane University School of Medicine in 2024.

At the center of the study is Pseudomonas aeruginosa, a bacteria with a known history of multidrug resistance and a common cause of infection in hospitals. The bacteria are prone to deficiencies in a specific DNA repair pathway, a condition known to spur rapid mutations in bacteria, which increase the odds of drug resistance developing.

After analyzing the bacterial genomes for mutational signatures -- a technique typically used in cancer research to map genetic changes in tumors -- the team found a distinct pattern associated with these DNA repair deficiencies that accurately predicted bacteria's potential to develop antibiotic resistance.

"It's essentially a fingerprint that's able to predict the presence of potential multidrug-resistant bacteria," said Zac Pursell, PhD, associate professor of biochemistry and molecular biology at Tulane University School of Medicine.

Resistance can only be acquired when bacteria are treated with an antibiotic that fails to kill them, underscoring the need to identify the proper path of treatment. Making matters worse, the findings show that bacteria acquire resistance to drugs not involved in initial treatment.




"Over 50% of antibiotics prescribed are either unnecessary or the wrong treatment, and if you provide the wrong antibiotic, you're promoting more and more resistance," Hall said.

Importantly, the same DNA sequencing technology that can identify bacterial "fingerprints" can also identify points of attack for clinicians. The researchers found success identifying separate resistance pathways and administering specific combinations of antibiotics that target these pathways, preventing the bacteria from acquiring drug resistance.

Though the findings are still in their early stages, successful creation of a diagnostic tool could reduce the overuse of antibiotics and allow for more precise treatment of bacterial infections. Hall is now CEO and cofounder of Informuta Inc., a San Diego-based startup that aims to develop a machine learning model that can scan bacteria samples and predict the development of antibiotic resistance.

"There's absolutely nothing like this available right now, and it would be game changing for so many patient populations. Antibiotic resistance is getting worse year over year," Hall said. "I believe proper antibiotic stewardship and accurate diagnostics are important pieces of the puzzle."
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Transforming longevity research: AI paves the way for personalized treatments in aging science | ScienceDaily
A collaborative study between researchers from the Yong Loo Lin School of Medicine, National University of Singapore (NUS Medicine), and the Institute for Biostatistics and Informatics in Medicine and Ageing Research, Rostock University Medical Center, Germany, investigated how advanced AI tools, like Large Language Models (LLMs), can make it easier to evaluate interventions for ageing and provide personalised recommendations. The findings were published in the leading review journal Ageing Research Reviews.


						
Research into ageing is producing an overwhelming amount of data, making it difficult to determine which interventions -- such as new medicines, dietary changes, or exercise routines -- are safe and effective. This study investigated how AI can analyse data more efficiently and accurately, by proposing a comprehensive set of standards for AI systems to ensure they deliver accurate, reliable, and understandable evaluations through their ability to analyse complex biological data.

The researchers identified eight critical requirements for effective AI-based evaluations:
    	Correctness of the evaluation results. Data quality will be assessed for accuracy.
    	Usefulness and comprehensiveness.
    	Interpretability and explainability of the evaluation results. Clarity and conciseness of the results and the given explanations.
    	Specific consideration of causal mechanisms affected by the intervention.
    	Consideration of data in a holistic context:            	Efficacy and toxicity, and evidence for the existence of a large therapeutic window;
        	Analyses in an "interdisciplinary" setting.
    
    
    	Enabling reproducibility, standardisation, and harmonisation of the analyses (and of the reporting).
    	Specific emphasis on diverse longitudinal large-scale data.
    	Specific emphasis on results that relate to known mechanisms of ageing.

Telling LLMs about these requirements as part of the prompting improved the quality of the recommendations they produced.

Professor Brian Kennedy from the Department of Biochemistry & Physiology, and Healthy Longevity Translational Research Programme at NUS Medicine, who co-led the study, said, "We tested AI methods using real-world examples such as medicines and dietary supplements. We found that by following specific guidelines, AI can provide more accurate and detailed insights. For instance, when analysing rapamycin, a drug often studied for its potential to promote healthy ageing, the AI not only evaluated its efficacy but also provided context-specific explanations and caveats, such as possible side effects."

"The study's findings could have far-reaching effects," added Professor Georg Fuellen, Director, Institute for Biostatistics and Informatics in Medicine and Ageing Research, Rostock University Medical Center, who co-led the study, "For healthcare, telling the AI about the critical requirements of a good response can enable it to find more effective treatments and make them safer to use. Generally, AI tools could design better clinical trials and help tailor health recommendations to each person. This research is a major step toward using AI to improve health outcomes for everyone, especially as they age."

Moving forward, the team is now focusing on a large-scale study of how to best prompt AI models for longevity-related intervention advice, to evaluate their accuracy and reliability for a wide array of carefully designed benchmarks, that is, curated, high-quality data. The validation of such AI systems is specifically important because the longevity interventions may then be implemented by a large number of healthy people. Prospective studies will need to demonstrate that AI-based evaluations can accurately predict successful outcomes in human trials, paving the way for safer and more effective health interventions.

The team hopes to use their findings to make health and longevity interventions more precise and accessible, and ultimately improve the quality and duration of life. Collaboration between researchers, clinicians, and policymakers will be essential to establish robust regulatory frameworks, ensuring the safe and effective use of AI-driven evaluations.
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Recommendations for mitochondria transfer and transplantation research | ScienceDaily
Most animal, plant and fungal cells contain organelles called mitochondria. These descendants of a primordial bacterial endosymbiont still preserve distinct genes and are known for their ability to create ATP as chemical energy. They also have other important functions, including cell signaling, viral and bacterial sensing, cell division, cell death, and innate and adaptive immune responses. Consequently, impairment in mitochondrial function can result in aging and age-related diseases.


						
An emerging area of research is the evolutionarily conserved transfer of mitochondria between cells. Yet researchers have lacked unique and universally accepted terms and practices to describe such transfers. Absent an agreed nomenclature and standard practices, different researchers may use different methods and terminology to describe the same event, or they may employ the same term that actually describe two different processes.

"Over the past few years, we have come to understand that mitochondria can be transferred from one cell to another, and that isolated mitochondria can be transplanted like an organ transplant," said Keshav K. Singh, Ph.D., professor in the University of Alabama at Birmingham Department of Genetics. "Though the origins of mitochondria transfer are unclear, it has been observed in evolutionarily diverse eukaryotes, including yeast, mollusks, fish and rodents, as well as human cells. We are just beginning to understand how alterations in this process contribute to disease pathogenesis and how to harness mitochondria transfer and transplantation biology to develop new therapies."

In 2024, Singh and Jonathan Brestoff, M.D., Ph.D., Washington University School of Medicine, Saint Louis, Missouri, set up an international consortium on mitochondria transfer and transplantation and led an international team of 31 researchers to develop consensus and recommendations about how to advance the field by providing common terminology and characterizations for the transfer or transplantation of mitochondria. Their consensus paper, "Recommendations for mitochondria transfer and transplantation nomenclature and characterization," is published in the journal Nature Metabolism.

The paper begins with a brief history of the field -- some foundational early discoveries, recent studies of mitochondrial transfer and development of therapeutic approaches, including cell engineering and clinical trials for children requiring extracorporeal membrane oxygenation.

The paper defines types of mitochondria transfer and mitochondria transplantation, and when both the donor and acceptor cell types are established in vivo, that defines a mitochondria transfer axis. The paper reviews methods to define mitochondria transfer, including mitochondria reporter proteins and dyes, methods to enforce transfer, and discussion of the fate of mitochondria after cell entry. Mechanism-based nomenclature is roughly grouped into contact-dependent mitochondria transfer, where the donor cell and recipient cell touch each other, and contact-independent mitochondria transfer.

The recommendations also review therapeutic approaches of mitochondria transplantation, including the definition of transplants; the types, durability, degree of engraftment and heterogeneity of transplants; cell engineering using extracellular mitochondria; and drugs that affect mitochondria transfer. Extracellular mitochondria are common in humans -- for example there are about 3 billion to 12 billion extracellular mitochondria in a unit of blood platelets, a blood product that is routinely and safely transfused to patients intravenously.

The paper concludes that "the goal of this proposed nomenclature is to reduce the confusion that can be caused by the introduction of different names for similar processes or extracellular mitochondria subsets as this field has evolved. We recognize that mitochondria transfer and transplantation are very active areas of research and that it is possible that new findings and insights may necessitate updates to the proposed nomenclature."

Singh has a long-standing interest in mitochondria. He was founding editor-in-chief of the journal Mitochondrion and the founder of the Society for Mitochondria Research and Medicine. In 2007 and 2009, his laboratory showed that isolated mouse mitochondria can be transferred to human cells by co-incubation, providing a proof of principle for transfer of mitochondria by diffusion, and that xeno-transplanted platelet mitochondria from an African American woman who suffered aggressive breast cancer at young age was able to recapitulate aggressiveness of breast cancer in mice. At that time, these findings were not appreciated by the field, Singh says.
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Young adults more active after starting work, but sleep less -- unless working from home | ScienceDaily
When young adults start working, the amount of daily physical activity they do increases sharply, only to fall away again over the new few years, while the amount of sleep they get falls slightly, according to new research led by scientists at the University of Cambridge.


						
The increase in physical activity was mainly seen in those doing semi-routine occupations such as bus driving or hairdressing, and routine occupations such as cleaning or waiting, or technical jobs. There was little change seen among people entering managerial or professional occupations.

The largest drop in levels of physical activity was seen among people who work from home -- though their sleep levels did not change when they started work.

Young adulthood -- ages 16 to 30 years -- is an important time in terms of health. Although we are typically at our peak physical health, it is also a time when many risk factors for long term diseases such as heart disease, type 2 diabetes and cancer begin to develop.

Health guidelines recommend young adults get between seven and nine hours of sleep a night, engage in 150 minutes or more of moderate physical activity per week, and consume at least five portions of fruit and vegetables per day.

Young adulthood is also the time when most people start work, which changes their daily routines and activities, resources such as time and money, and social and physical environments -- all of which affect health behaviours and health in later life.

To quantify the impact that starting work has on health-related behaviours, a team led by researchers at the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge examined repeated data taken over time from more than 3,000 participants in the UK Household Longitudinal Study. All the participants were aged 16-30 years and started work for the first time between 2015 and 2023.




The results are published today in the International Journal of Behavioral Nutrition and Physical Activity.

Dr Eleanor Winpenny, who was based at the University of Cambridge when she carried out the work, but is now at Imperial College London, said: "We know about physical activity and sleep patterns among young people while they're at school, but very little about what happens when they start work. Given the impact that work can have on our lives -- and the lasting impacts this can have on our health -- it's important to try and understand what happens at this transition."

The analysis showed that when people started work, their physical activity increased by an amount equivalent to around 28 min of moderate activity (such as cycling) per day on average -- but then decreased each year after starting work by around 7 min per day.

The biggest increase was among males -- up by an equivalent of around 45 min of moderate activity per day compared to an increase of around 16 min for females. People who did not have a university degree also showed a greater increase in physical activity compared to those with a university degree -- equivalent to around a 42 min increase of moderate physical activity per day compared to 15 min per day.

Working from home, however, appeared to be associated with an initial decrease in physical activity, equivalent to around 32 min of moderate activity per day.

When young adults started work, the amount of time they slept per night dropped immediately by almost 10 minutes and remained stable at this level over time; however, people without a degree showed a continuing decrease of about 3 minutes of sleep per night each year after starting work, while those with a degree slowly increased back to their pre-work sleep levels.




There was little change in the amount of fruit and vegetables consumed after starting work.

Alena Oxenham, from the MRC Epidemiology Unit, said: "Beginning work can have a profound impact on our lifestyles and on behaviours that might make a difference to our health, if not immediately then later in life.

"Although we found that people tend to do more physical activity when they begin work, which is good news, these are averages, and some people -- particularly those who work from home and, to a lesser degree, those with office-based jobs -- may do less.

"If we want to stay healthy throughout our lives, we need to remember that keeping active is an important way of helping us achieve this goal. Those working at home might want to consider incorporating physical activity into their day, for example by going for a walk before or after work, or during a lunch break."

Dr Winpenny added: "Workplaces provide an opportunity to create environments and cultures that support healthier diets, more physical activity and better sleep for young adults. This could result in healthier employees and fewer sick days in the immediate term, but also have long term benefits, helping prevent health issues in later life."
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Cancer risk established before birth | ScienceDaily
A person's lifetime risk for cancer may begin before they are even born, reports a paradigm-shifting study by Van Andel Institute scientists.


						
The findings, published in Nature Cancer, identified two distinct epigenetic states that arise during development and are linked to cancer risk. One of these states is associated with a lower lifetime risk while the other is associated with a higher lifetime risk.

If cancer does develop in the lower risk state, it is more likely to be a liquid tumor, such as leukemia or lymphoma. If cancer develops in the higher risk state, it is more likely to be a solid tumor, such as lung or prostate cancer.

"Because most cancers occur later in life and are understood as diseases of mutation, or genetics, there hasn't been a deep focus on how development might shape cancer risk. Our findings change that," said J. Andrew Pospisilik, Ph.D., chair of VAI's Department of Epigenetics and co-corresponding author of the study. "Our identification of these two epigenetically different states open the door to an entirely new world of study into the underpinnings of cancer."

Cancer risk increases as people age, thanks to an accumulation of DNA damage and other factors. Still, not every abnormal cell goes on to become cancer. In recent years, scientists have identified other influences, such as epigenetic errors, as additional contributors to cancer.

Epigenetics are processes that affect how and when the instructions in DNA are carried out. Problems with epigenetics can derail cellular quality control processes, enabling sick cells to survive and spread.

In their study, Pospisilik and collaborators found that mice with reduced levels of the gene Trim28 can have one of two patterns of epigenetic marks on cancer-related genes, despite being otherwise identical. These patterns are established during development. The strength of the patterns determines which of the two cancer risk states occur.

"Everyone has some level of risk but, when cancer does arise, we tend to think of it just as bad luck," said Ilaria Panzeri, Ph.D., a research scientist in the Pospisilik Lab and the study's first and co-corresponding author. "However, bad luck doesn't fully explain why some people develop cancer and others don't. Most importantly, bad luck cannot be targeted for treatment. Epigenetics, on the other hand, can be targeted. Our findings show that cancer's roots may start during the sensitive period of development, offering a new perspective to study the disease and potential new options for diagnosis and treatment."

The team found evidence of the two epigenetic states throughout tissues in the body, which suggests that developmental epigenetic risk may be common across cancers. In the future, they plan to explore the effects of these two states in individual cancer types.

Other authors include Luca Fagnocchi, Ph.D., Stefanos Apostle, M.S., Megan Tompkins, Emily Wolfrum, MPH, Zachary Madaj, M.S., Galen Hostetter, M.D., Yanqing Liu, Kristen Schaefer, Chih-Hsiang Yang, Ph.D., Alexis Bergsma, Ph.D., Anne Drougard, Ph.D., Erez Dror, Ph.D., Darrell Chandler, Ph.D., and Timothy J. Triche, Jr., Ph.D., of VAI; the PERMUTE Consortium; and Daniel Schramek, Ph.D., of University of Toronto. Schaefer also is affiliated with Case Western Reserve University. 
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High uric acid levels linked to deadly outcomes in children with severe malaria | ScienceDaily
Indiana University School of Medicine researchers and their collaborators in Uganda at the Makerere University School of Medicine have uncovered a significant connection between elevated uric acid levels and life-threatening outcomes in children with severe malaria.


						
Published in Nature Medicine, the study identified hyperuricemia -- high uric acid levels -- as a potential contributor to increased mortality and long-term neurodevelopmental challenges in children with severe malaria. These findings open the door to future research that could improve treatment strategies for children affected by severe malaria, a disease caused by mosquito-transmitted parasites and a leading cause of death in African children.

"Our findings show that hyperuricemia is strongly associated with death in the hospital and after discharge and with long-term cognitive impairment in children with severe malaria," said Chandy C. John, MD, the Ryan White Professor of Pediatrics at the IU School of Medicine, who co-led the study. "We also showed several mechanisms by which hyperuricemia may lead to these outcomes, suggesting that hyperuricemia is not just associated with bad outcomes but may contribute to them."

The researchers analyzed data from two independent groups of children with severe malaria in Uganda and found that 25% had hyperuricemia. This condition is caused by excess uric acid, which is a harmful body waste substance found in blood. The primary drivers of hyperuricemia in study participants were broken-down infected red blood cells and kidney injury, which reduces the body's ability to get rid of the extra uric acid.

In the study, hyperuricemia was linked to four negative outcomes in children with severe malaria: serious health complications like coma and anemia, a higher risk of death during hospitalization, a higher risk of death after discharge from the hospital, and long-term cognitive impairment in survivors.

The study also revealed that children with hyperuricemia had more harmful gut bacteria, which can cross the injured gut lining and cause sepsis. Together, these findings highlight a need for clinical trials to test the effectiveness of uric acid-lowering medications as an additional treatment for severe malaria.

"Additional studies are needed to determine whether lowering uric acid in children with severe malaria might reduce hospital deaths, post-discharge deaths and long-term cognitive impairment," said Andrea Conroy, PhD, associate professor of pediatrics at the IU School of Medicine and co-leader of the study. "Our hope is that these studies will provide new insights and potentially lead to improved treatments that save lives."

This research builds on the team's recent discovery of partial resistance to the primary treatment for malaria in African children with severe malaria. Both studies underscore the importance of prioritizing new strategies to combat malaria, which affected 263 million people and caused nearly 600,000 deaths worldwide in 2023.
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Hear ye! Hear ye! Researchers uncover new complexities in human hearing | ScienceDaily
Yale physicists have discovered a sophisticated, previously unknown set of "modes" within the human ear that put important constraints on how the ear amplifies faint sounds, tolerates noisy blasts, and discerns a stunning range of sound frequencies in between.


						
By applying existing mathematical models to a generic mock-up of a cochlea -- a spiral-shaped organ in the inner ear -- the researchers revealed a new layer of cochlear complexity. The findings offer fresh insight into the remarkable capacity and accuracy of human hearing.

"We set out to understand how the ear can tune itself to detect faint sounds without becoming unstable and responding even in the absence of external sounds," said Benjamin Machta, an assistant professor of physics in Yale's Faculty of Arts and Science and co-senior author of a new study in the journal PRX Life. "But in getting to the bottom of this we stumbled onto a new set of low frequency mechanical modes that the cochlea likely supports."

In humans, sound is converted into electrical signals in the cochlea. People are able to detect sounds with frequencies across three orders of magnitude and more than a trillion-fold range in power, down to tiny vibrations of air.

Once sound waves enter the cochlea, they become surface waves that travel along the cochlea's hair-lined basilar membrane.

"Each pure tone rings at one point along this spiral organ," said Asheesh Momi, a graduate student in physics in Yale's Graduate School of Arts and Sciences and the study's first author. "The hair cells at that location then tell your brain what tone you are hearing."

Those hairs do something else as well: They act as mechanical amplifiers, pumping energy into sound waves to counteract friction and help them reach their intended destinations. Pumping in just the right amount of energy -- and making constant adjustments -- is crucial for precise hearing, the researchers said.




But that is simply one set of hearing modes within the cochlea, and it is well-documented. The Yale team discovered a second, extended set of modes within the organ.

In these extended modes, a large portion of the basilar membrane reacts and moves together, even for a single tone. This collective response places constraints on how hair cells respond to incoming sound and how the hair cells pump energy into the basilar membrane.

"Since these newly discovered modes exhibit low frequencies, we believe our findings might also contribute to a better understanding of low-frequency hearing, which is still an active area of research," said Isabella Graf, a former Yale postdoctoral researcher who is now at the European Molecular Biology Laboratory in Heidelberg, Germany.

Graf and Machta have collaborated on a series of studies in recent years that used mathematical models and statistical physics concepts to better understand biological systems, such as a pit viper's sensitivity to temperature change and the interplay between phases of matter that come into contact within cell membranes.

Michael Abbott of Yale and Julian Rubinfien of Harvard are co-authors of the new study. Machta, Momi, and Abbott are part of Yale's Quantitative Biology Institute.

The research was supported by the National Institutes of Health, a Simons Investigator award, and the German Research Foundation.
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        A look into the dark
        How can the latest technology, such as solar cells, be improved? An international research team is helping to find answers to questions like this with a new technique. For the first time, the formation of tiny, difficult-to-detect particles -- known as dark excitons -- can be tracked precisely in time and space. These invisible carriers of energy will play a key role in future solar cells, LEDs and detectors.

      

      
        New atom-based thermometer measures temperature more accurately
        Scientists have developed a new method for measuring temperature extremely accurately by using giant 'Rydberg' atoms. This atomic thermometer provides accurate measurements 'out of the box,' without needing initial factory adjustments, because it relies on the basic principles of quantum physics. By using Rydberg atoms' sensitivity to environmental changes, this technique could simplify temperature sensing in extreme environments, from space to high-precision industries.

      

      
        New training approach could help AI agents perform better in uncertain conditions
        AI agents trained in simulations that differ from the environments where they are deployed sometimes perform better than agents trained and deployed in the same environment, research shows.

      

      
        Materials can 'remember' a sequence of events in an unexpected way
        Many materials store information about what has happened to them in a sort of material memory, like wrinkles on a once crumpled piece of paper. Now, a team of physicists has uncovered how, under specific conditions, some materials seemingly violate underlying mathematics to store memories about the sequence of previous deformations.

      

      
        Creating nanoislands for better platinum catalysts
        A new technique to trap clusters of platinum atoms in nanoscale islands could lead to more efficient catalysts for the chemical industry.

      

      
        Chemical looping turns environmental waste into fuel
        Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.

      

      
        A less 'clumpy,' more complex universe?
        New research has combined cosmological data from two major surveys of the universe's evolutionary history and found hints that it may be less clumpy at certain points than previously thought. Their findings suggest that the universe may have become more complex with advancing age.

      

      
        Scientists 'mimic real biological processes' using synthetic neurons
        A new collaboration has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons.

      

      
        Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water
        Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water.

      

      
        Common plastic pigment promotes depolymerization
        This startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment to jumpstart the degradation. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies. I...

      

      
        The secret life of catalysts: New discoveries in chemical reactions
        Scientists have made an advancement in the field of electrocatalysis. Their latest research sheds light on how catalysts can stay in unanticipated forms during the process of nitrate reduction. The study offers new insights that could pave the way for more efficient catalyst design.

      

      
        New acoustic wave phenomenon discovered
        This novel finding regarding the nonreciprocal diffraction of acoustic waves could open doors for next-generation communication devices.

      

      
        The hidden power of the smallest microquasars
        Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.

      

      
        Green phosphonate chemistry -- Does it exist?
        Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.

      

      
        New study improves the trustworthiness of wind power forecasts
        By applying techniques from explainable artificial intelligence, engineers can improve users' confidence in forecasts generated by artificial intelligence models. This approach was recently tested on wind power generation.

      

      
        Research leads to viable solution for polycotton textile waste recycling
        Researchers present a solution to the challenging problem of recycling poly-cotton textile waste. The process starts with fully removing all cotton from the fabric using superconcentrated hydrochloric acid at room temperature. The cotton is converted into glucose, which can be used as a feedstock for biobased products such as renewable plastics. The remaining polyester fibers can be reprocessed using available polyester recycling methods.

      

      
        Even quantum physics obeys the law of entropy
        The universe is getting more disordered, entropy is growing -- this is the second law of thermodynamics. But according to quantum theory, entropy should actually stay the same. Scientists took a closer look and resolved this apparent contradiction.

      

      
        Improving the way flash memory is made
        The narrow, deep holes required for one type of flash memory are made twice as fast with the right recipe, which includes a plasma made from hydrogen fluoride.

      

      
        Life's building blocks in Asteroid Bennu samples
        Scientists detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.

      

      
        Exploring mysteries of Asteroid Bennu
        Scientists found that asteroid Bennu contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago.

      

      
        Advanced brain circuit-mapping technique reveals new anxiety drug target
        Investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.

      

      
        Moon is not as 'geologically dead' as previously thought
        Scientists developed advanced dating methods to track geological changes on the far side of the moon and found evidence of relatively recent activity.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        New structures of a critical amyloid protein illuminated
        The tiny protein known as transthyretin can cause big problems in the body when it misfolds after secretion. While healthy transthyretin moves hormones through blood and spinal fluid, misfolded versions of the protein form dangerous clumps in the heart and along nerves -- triggering a progressive and fatal disease known as transthyretin amyloidosis (ATTR). Up to a quarter of all men over the age of 80 have some degree of ATTR, which can cause shortness of breath, dizziness and tingling or loss of...

      

      
        A new register with thousands of entangled nuclei to scale quantum networks
        In a groundbreaking achievement for quantum technologies, researchers have created a functional quantum register using the atoms inside a semiconductor quantum dot.

      

      
        New avenues in quantum research: Supramolecular qubit candidates detected
        Researchers were able to demonstrate for the first time that non-covalent bonds between spin centers are also capable of producing quartet states through spin mixing. Supramolecular chemistry is thus a valuable tool for the research, development and scaling of new materials for quantum technologies.

      

      
        Follow the water: Searching for a lunar oasis
        As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Researchers may help bring science fiction to reality by providing a divining rod to guide future space missions.

      

      
        Testing the effect of thousands of compounds on cellular metabolism
        Researchers are able to test in parallel the effects of over 1500 active substances on cell metabolism. Their analysis also led to the discovery of previously unknown mechanisms for known medications. This approach might help scientists to better predict side effects and find additional uses for commercially available pharmaceuticals.

      

      
        Towards a new generation of human-inspired language models
        Can a computer learn a language the way a child does? A recent study sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.

      

      
        A super-Earth laboratory for searching life elsewhere in the Universe
        Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable z...

      

      
        Researchers propose novel approaches for improved microgrid management
        Scientists have developed a new optimization model to improve microgrid operation. This model adapts to unexpected changes in power supply and demand, ensuring stable and efficient energy systems. By addressing challenges like power outages and varying energy needs, this approach enhances the reliability and sustainability of microgrids, making it suitable for real-world use in areas with unstable power grids.

      

      
        Structural color shields: Water repellent coatings
        In a step towards developing advanced materials for functional coatings, a research group has developed a technology that combines structural color coating with super water-repellent properties. The structural color coating does not fade away like the conventional paints and exhibits self-cleaning properties. This was achieved by using hydrophobic melanin particles which provide structural color and water-repellence. The discovery marks a breakthrough in advanced materials for paints and coatings...

      

      
        Plant-based substitute for fossil fuels developed for plastic foams
        An environmentally-friendly preparation of plant material from pine could serve as a substitute for petroleum-based chemicals in polyurethane foams. The innovation could lead to more environmentally friendly versions of foams used ubiquitously in products such as kitchen sponges, foam cushions, coatings, adhesives, packaging and insulation. The global market for polyurethane totaled more than $75 billion in 2022.

      

      
        Innovative one-minute video game boasts 80% success rate in diagnosing autism
        A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.

      

      
        How simple prompts can make partially automated cars safer
        A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.

      

      
        Novel lab-on-chip platform promises to expedite cancer diagnoses
        Researchers propose a novel system that uses standing surface acoustic waves to separate circulating tumor cells from red blood cells with unprecedented precision and efficiency. The platform integrates advanced computational modeling, experimental analysis, and artificial intelligence algorithms to analyze complex acoustofluidic phenomena. The researchers included an innovative use of dualized pressure acoustic fields and strategically located them at critical channel geometry positions on a lit...

      

      
        Explaining persistent hydrogen in Mars' atmosphere
        The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, researchers think they have a good explanation for a warmer, wetter ancient Mars. Building on prior theories describing the Mars of yore as a hot again, cold again place, a team has determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

      

      
        Transforming longevity research: AI paves the way for personalized treatments in aging science
        Artificial Intelligence (AI) has the potential to transform aging research and help people live healthier, longer lives.

      

      
        Innovation 'sifts' space for mysteries
        Astronomers and engineers have developed a specialized system for their radio telescope to rapidly detect mysterious fast radio bursts and other space phenomena.

      

      
        'Embodied energy' powers modular worm, jellyfish robots
        In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent research in battery development and design.

      

      
        Floating solar increases greenhouse gas emissions on small ponds
        While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.

      

      
        Scientific approach can optimize bike lane planning
        develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

      

      
        Dwarf planet Ceres: Building blocks of life delivered from space
        The dwarf planet is a bizarre, cryovolcanic world. However, the organic deposits discovered on its surface so far are unlikely to originate from its interior. The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them.

      

      
        Progress toward a new generation of rechargeable batteries
        Lithium-air batteries have the potential to outstrip conventional lithium-ion batteries by storing significantly more energy at the same weight. However, their high-performance values have thus far remained theoretical, and their lifespan remains too short. A team has now proposed addition of a soluble catalyst to the electrolyte. It acts as a redox mediator that facilitates charge transport and counteracts passivation of the electrodes.

      

      
        A new experimental system to bring quantum technologies closer to students
        The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology ...

      

      
        Researchers discover new way to store hydrogen using lignin jet fuel
        An international team of scientists has discovered a way to store and release volatile hydrogen using lignin-based jet fuel that could open new pathways for sustainable energy production. In a new study scientists demonstrated that a type of lignin-based jet fuel they developed can chemically bind hydrogen in a stable liquid form. The research has many potential applications in fuels and transportation and could ultimately make it easier to harness hydrogen's potential as a high energy and zero e...

      

      
        New weapon against harmful algal blooms
        Effective management of phosphorus is needed to curb the rise of harmful algal blooms. Few studies have explored how algal biomass, especially blue-green algae, can be used to create materials that remove phosphate from water. Researchers have filled that gap by transforming cyanobacterial biomass into materials that can pull harmful phosphorus out of water. Materials treated in the study removed more than 99% of phosphorus. With further refinement and scalability, this method could become a key ...

      

      
        Inconsistencies in hospital toxicology screening protocols following serious motor vehicle collisions
        A new study has found that drug screening practices may be inconsistent with potential downstream effects in reporting to the RMV.

      

      
        New measurements of solar radiative opacity thanks to helioseismology
        Researchers have pioneered an innovative method using helioseismology to measure the solar radiative opacity under extreme conditions. This groundbreaking work not only reveals gaps in our understanding of atomic physics but also confirms recent experimental results, thereby opening new perspectives in astrophysics and nuclear physics.

      

      
        Researchers invent a new tool to help lower the cost of tomorrow's medicine
        Researchers have developed a new chemical tool that could help lower the cost of prescription medications. The tool, called AshPhos, is a ligand, or molecule, that makes it easier to create special carbon-nitrogen bonds. These bonds are the backbone of more than half of all medicines on the market today.
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A look into the dark | ScienceDaily
How can the latest technology, such as solar cells, be improved? An international research team led by the University of Gottingen is helping to find answers to questions like this with a new technique. For the first time, the formation of tiny, difficult-to-detect particles -- known as dark excitons -- can be tracked precisely in time and space. These invisible carriers of energy will play a key role in future solar cells, LEDs and detectors. The results were published in Nature Photonics.


						
Dark excitons are tiny pairs made up of one electron together with the hole it leaves behind when it is excited. They carry energy but cannot emit light (hence the name "dark"). One way to visualise an exciton is to imagine a balloon (representing the electron) that flies away and leaves behind an empty space (the hole) to which it remains connected by a force known as a Coulomb interaction. Researchers talk about "particle states" that are difficult to detect but are particularly important in atomically thin, two-dimensional structures in special semiconductor compounds.

In an earlier publication, the research group led by Professor Stefan Mathias from the Faculty of Physics at the University of Gottingen was able to show how these dark excitons are created in an unimaginably short time and describe their dynamics with the help of quantum mechanical theory. In the current study, the team has now developed a new technique known as "Ultrafast Dark-field Momentum Microscopy," and used it for the first time. This enabled them to show how dark excitons are formed in a special material made of tungsten diselenide (WSe2) and molybdenum disulphide (MoS2) -- and in an astonishing time, lasting just 55 femtoseconds (0.000000000000055 seconds) measured with a precise resolution of 480 nanometres (0.00000048 metres).

"This method enabled us to measure the dynamics of charge carriers very precisely," explains first author Dr David Schmitt, also from Gottingen University's Faculty of Physics. "The results provide a fundamental insight into how the properties of the sample influence the movement of the charge carriers. This means that this technique can be used in future to specifically improve the quality and therefore also the efficiency of solar cells, for example." Dr Marcel Reutzel, Junior Research Group Leader in Mathias' research group, adds: "This means that this technique can be used not only for these specially designed systems, but also for research into new types of materials."

The research was supported by the DFG-funded Collaborative Research Centres "Control of Energy Conversion on Atomic Scales" and "Mathematics of Experimentation" in Gottingen and the Collaborative Research Centre "Structure and Dynamics of Inner Interfaces" in Marburg.
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New atom-based thermometer measures temperature more accurately | ScienceDaily
Scientists at the National Institute of Standards and Technology (NIST) have created a new thermometer using atoms boosted to such high energy levels that they are a thousand times larger than normal. By monitoring how these giant "Rydberg" atoms interact with heat in their environment, researchers can measure temperature with remarkable accuracy. The thermometer's sensitivity could improve temperature measurements in fields ranging from quantum research to industrial manufacturing.


						
Unlike traditional thermometers, a Rydberg thermometer doesn't need to be first adjusted or calibrated at the factory because it relies inherently on the basic principles of quantum physics. These fundamental quantum principles yield precise measurements that are also directly traceable to international standards.

"We're essentially creating a thermometer that can provide accurate temperature readings without the usual calibrations that current thermometers require," said NIST postdoctoral researcher Noah Schlossberger.

Revolutionizing Temperature Measurement

The research, published in Physical Review Research, is the first successful temperature measurement using Rydberg atoms. To create this thermometer, researchers filled a vacuum chamber with a gas of rubidium atoms and used lasers and magnetic fields to trap and cool them to nearly absolute zero, around 0.5 millikelvin (thousandths of a degree). This means the atoms were essentially not moving. Using lasers, they then boosted the atoms' outermost electrons to very high orbits, making the atoms approximately 1,000 times larger than ordinary rubidium atoms.

In Rydberg atoms, the outermost electron is far away from the core of the atom, making it more responsive to electric fields and other influences. This includes blackbody radiation, the heat emitted by surrounding objects. Blackbody radiation can cause electrons in Rydberg atoms to jump to even higher orbits. Rising temperatures increase the amount of ambient blackbody radiation and the rate of this process. Thus, researchers can measure temperature by tracking these energy jumps over time.

This approach enabled the detection of even the most minor temperature changes. While there are other types of quantum thermometers, Rydberg thermometers can measure the temperature of their environment from about 0 to 100 degrees Celsius without needing to touch the object being measured.




This breakthrough not only paves the way for a new class of thermometers but is particularly significant for atomic clocks, because blackbody radiation can reduce their accuracy.

"Atomic clocks are exceptionally sensitive to temperature changes, which can cause small errors in their measurements," said NIST research scientist Chris Holloway. "We're hopeful this new technology could help make our atomic clocks even more accurate."

Beyond precision science, the new thermometer could have wide-ranging applications in challenging environments from spacecraft to advanced manufacturing plants, where sensitive temperature readings are essential.

With this development, NIST continues to push the boundaries of science and technology.

"This method opens a door to a world where temperature measurements are as reliable as the fundamental constants of nature," Holloway added. "It's an exciting step forward for quantum sensing technology."
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New training approach could help AI agents perform better in uncertain conditions | ScienceDaily
A home robot trained to perform household tasks in a factory may fail to effectively scrub the sink or take out the trash when deployed in a user's kitchen, since this new environment differs from its training space.


						
To avoid this, engineers often try to match the simulated training environment as closely as possible with the real world where the agent will be deployed.

However, researchers from MIT and elsewhere have now found that, despite this conventional wisdom, sometimes training in a completely different environment yields a better-performing artificial intelligence agent.

Their results indicate that, in some situations, training a simulated AI agent in a world with less uncertainty, or "noise," enabled it to perform better than a competing AI agent trained in the same, noisy world they used to test both agents.

The researchers call this unexpected phenomenon the indoor training effect.

"If we learn to play tennis in an indoor environment where there is no noise, we might be able to more easily master different shots. Then, if we move to a noisier environment, like a windy tennis court, we could have a higher probability of playing tennis well than if we started learning in the windy environment," explains Serena Bono, a research assistant in the MIT Media Lab and lead author of a paper on the indoor training effect.

The researchers studied this phenomenon by training AI agents to play Atari games, which they modified by adding some unpredictability. They were surprised to find that the indoor training effect consistently occurred across Atari games and game variations.




They hope these results fuel additional research toward developing better training methods for AI agents.

"This is an entirely new axis to think about. Rather than trying to match the training and testing environments, we may be able to construct simulated environments where an AI agent learns even better," adds co-author Spandan Madan, a graduate student at Harvard University.

Bono and Madan are joined on the paper by Ishaan Grover, an MIT graduate student; Mao Yasueda, a graduate student at Yale University; Cynthia Breazeal, professor of media arts and sciences and leader of the Personal Robotics Group in the MIT Media Lab; Hanspeter Pfister, the An Wang Professor of Computer Science at Harvard; and Gabriel Kreiman, a professor at Harvard Medical School. The research will be presented at the Association for the Advancement of Artificial Intelligence Conference.

Training troubles

The researchers set out to explore why reinforcement learning agents tend to have such dismal performance when tested on environments that differ from their training space.

Reinforcement learning is a trial-and-error method in which the agent explores a training space and learns to take actions that maximize its reward.




The team developed a technique to explicitly add a certain amount of noise to one element of the reinforcement learning problem called the transition function. The transition function defines the probability an agent will move from one state to another, based on the action it chooses.

If the agent is playing Pac-Man, a transition function might define the probability that ghosts on the game board will move up, down, left, or right. In standard reinforcement learning, the AI would be trained and tested using the same transition function.

The researchers added noise to the transition function with this conventional approach and, as expected, it hurt the agent's Pac-Man performance.

But when the researchers trained the agent with a noise-free Pac-Man game, then tested it in an environment where they injected noise into the transition function, it performed better than an agent trained on the noisy game.

"The rule of thumb is that you should try to capture the deployment condition's transition function as well as you can during training to get the most bang for your buck. We really tested this insight to death because we couldn't believe it ourselves," Madan says.

Injecting varying amounts of noise into the transition function let the researchers test many environments, but it didn't create realistic games. The more noise they injected into Pac-Man, the more likely ghosts would randomly teleport to different squares.

To see if the indoor training effect occurred in normal Pac-Man games, they adjusted underlying probabilities so ghosts moved normally but were more likely to move up and down, rather than left and right. AI agents trained in noise-free environments still performed better in these realistic games.

"It was not only due to the way we added noise to create ad hoc environments. This seems to be a property of the reinforcement learning problem. And that was even more surprising to see," Bono says.

Exploration explanations

When the researchers dug deeper in search of an explanation, they saw some correlations in how the AI agents explore the training space.

When both AI agents explore mostly the same areas, the agent trained in the non-noisy environment performs better, perhaps because it is easier for the agent to learn the rules of the game without the interference of noise.

If their exploration patterns are different, then the agent trained in the noisy environment tends to perform better. This might occur because the agent needs to understand patterns it can't learn in the noise-free environment.

"If I only learn to play tennis with my forehand in the non-noisy environment, but then in the noisy one I have to also play with my backhand, I won't play as well in the non-noisy environment," Bono explains.

In the future, the researchers hope to explore how the indoor training effect might occur in more complex reinforcement learning environments, or with other techniques like computer vision and natural language processing. They also want to build training environments designed to leverage the indoor training effect, which could help AI agents perform better in uncertain environments.
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Materials can 'remember' a sequence of events in an unexpected way | ScienceDaily
Many materials store information about what has happened to them in a sort of material memory, like wrinkles on a once crumpled piece of paper. Now, a team led by Penn State physicists has uncovered how, under specific conditions, some materials seemingly violate underlying mathematics to store memories about the sequence of previous deformations. According to the researchers, the method, described in a paper appearing today (Jan. 29) in the journal Science Advances, could inspire new ways to store information in mechanical systems, from combination locks to computing.


						
One way some materials form memories is called return-point memory, which operates much like a single dial combination lock, according to Nathan Keim, associate professor of physics in the Penn State Eberly College of Science and leader of the research team. With a lock, rotating the dial clockwise and counterclockwise in a particular sequence yields a result -- the lock opening -- that depends on how the dial was moved. Likewise, for materials with return-point memory, alternating between positive and negative deformations can leave a memory of the sequence that researchers can read or erase.

"The same underlying mechanism or mathematics of this memory formation can describe systems from the magnetization of computer hard drives to damage in solid rock," Keim said, noting that his research group recently showed that the same math also describes memories stored in disordered solids, in which the arrangement of particles seems random but actually contains details about past deformations.

Return-point memory relies on the alternating of direction of the external force, or "driving," such as the alternating of positive or negative magnetic field or pulling on a material from one side and then the other. However, materials should not be able to form return-point memory when the force only occurs in one direction. For example, Keim said, a bridge might sag slightly as cars drive over it, but it doesn't curve upwards once the cars are gone.

"The mathematical theorems for return-point memory say that we can't store a sequence if we only have this 'asymmetrical' driving in one direction," Keim said. "If the combination lock dial can't go past zero when turning counterclockwise, it only stores one number in the combination. But we found a special case when this kind of asymmetrical driving can, in fact, encode a sequence."

The researchers performed a series of computer simulations to explore the conditions under which a sequence could be encoded in a material. They manipulated a variety of factors, including the magnitude and orientation of the external driving force as well as how it is generated, to see how they impact memory formation and the length of the encoded sequence. To do so, the researchers boiled down the components of the system -- such as the particles in a solid or the microscopic domains in a magnet -- into abstract elements called hysterons.

"Hysterons are elements of a system that may not immediately respond to external conditions, and can stay in a past state," said Travis Jalowiec, an undergraduate at the time of the research who earned his bachelor's degree in physics at Penn State and an author of the paper. "Like how parts of a combination lock reflect the previous positions of the dial, and not where the dial is now. In our model, hysterons have two possible states and can work with or against each other, and this generalized model makes it applicable to as many systems as possible."

The hysterons in the model interact either in a cooperative way, where a change in one encourages a change in the other, or in a non-cooperative "frustrated" way, where a change in one discourages a change in the other. Frustrated hysterons, Jalowiec explained, are the key to forming and recovering a sequence in a system with asymmetric driving.




"A good example of frustration is a bendy straw, which has a series of little bellows that can be collapsed or popped open," Keim said. "If you pull on the ends of the straw a tiny amount and stop, one will pop open, and it being open means that the others do not. The change in one relieves the stress in the system.

The researchers found that systems with cooperative interactions could only encode a sequence if the driving was symmetric -- with alternating directions. However, just a single pair of frustrated hysterons was enough to produce an encoded sequence with asymmetric driving, so long as other conditions are met.

"Finding a pair of frustrated hysterons in a real material has been elusive," Keim said. "It's hard to observe, because often the signature of frustration is that something doesn't happen. The behavior we found is rare, but it would stand out like a sore thumb in a real material, so it gives us a new way to look for and study materials with frustration. But more immediately, we think this is a way to design artificial systems with this special kind of memory, starting with the simplest mechanical systems not much more complicated than a bendy straw and hopefully working up to something like an asymmetrical combination lock."

The researchers say these results could inspire new ways to store, recall and erase information in materials and mechanical systems.

"One key property of this memory is that it's guaranteed to store both the largest deformation and the most recent deformation," Keim said. "If you can make a system that stores a sequence of memories, you can use it like a combination lock to verify a specific history, or you could recover diagnostic or forensic information about the past. There is increasing interest in mechanical systems that sense their environments, perform computations and respond or adapt without ever using electricity. A better understanding of memory expands these possibilities."

In addition to Keim and Jalowiec, the research team includes Chloe Lindeman, graduate student at the University of Chicago at the time of the research, now a Miller Postdoctoral Fellow at Johns Hopkins University. Funding from the U.S. Department of Energy, Penn State Schreyer Honors College and Penn State Student Engagement Network supported this work.
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Creating nanoislands for better platinum catalysts | ScienceDaily
Noble metals such as platinum can make useful catalysts to accelerate chemical reactions, particularly hydrogenation (adding hydrogen atoms to a molecule). The research team led by Professor Bruce Gates at the UC Davis Department of Chemical Engineering is interested in making platinum catalysts that are highly efficient and stable during chemical reactions.


						
Previous work has shown that platinum arranged in clusters of a few atoms on a surface makes a better hydrogenation catalyst than either single platinum atoms, or larger nanoparticles of platinum. Unfortunately, such small clusters tend to clump easily into larger particles, losing efficiency.

Yizhen Chen, then a postdoctoral scholar in the Gates Catalysis Research Group, picked up on an idea by Jingyue Liu, now at Arizona State University, to "trap" platinum clusters on a tiny island of cerium oxide supported on a silica surface. Each island becomes its own chemical reactor.

Chen, Gates and colleagues were able to show that they could produce these clusters, that they showed good catalytic activity in hydrogenation of ethylene, and that they were stable under severe reaction conditions.

These confined metal clusters could provide a new route to produce stable catalysts for the chemical industry.

Further information: https://www.nature.com/articles/s44286-025-00173-2
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Chemical looping turns environmental waste into fuel | ScienceDaily
Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.


						
In a significant breakthrough, researchers from The Ohio State University have developed a technology to transform materials like plastics and agricultural waste into syngas, a substance most often used to create chemicals and fuels like formaldehyde and methanol.

Using simulations to test how well the system could break down waste, scientists found that their approach, called chemical looping, could produce high-quality syngas in a more efficient manner than other similar chemical techniques. Altogether, this refined process saves energy and is safer for the environment, said Ishani Karki Kudva, lead author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

"We use syngas for important chemicals that are required in our day-to-day life," said Kudva. "So improving its purity means that we can utilize it in a variety of new ways."

Today, most commercial processes create syngas that is about 80 to 85% pure, but Kudva's team achieved a purity of around 90% in a process that takes only a few minutes.

This study builds on decades of previous research at Ohio State, led by Liang-Shih Fan, a distinguished university professor in chemical and biomolecular engineering who advised the study. This previous research used chemical looping technology to turn fossil fuels, sewer gas and coal into hydrogen, syngas and other useful products.

In the new study, the system consists of two reactors: a moving bed reducer where waste is broken down using oxygen provided by metal oxide material, and a fluidized bed combustor that replenishes the lost oxygen so that the material can be regenerated. The study showed that with this waste-to-fuel system, the reactors could run up to 45% more efficiently and still produce about 10% cleaner syngas than other methods.




The study was recently published in the journal Energy and Fuels.

According to a report by the Environmental Protection Agency, 35.7 million tons of plastics were generated in the U.S. in 2018, of which about 12.2% is municipal solid waste, such as plastic containers, bags, appliances, furniture, agricultural residue, paper and food.

Unfortunately, since plastics are resistant to decomposition, they can persist in nature for long periods and can be difficult to completely break down and recycle. Conventional waste management, such as landfilling and incineration, also poses risks to the environment.

Now, the researchers are presenting an alternative solution to help curb pollution. For example, by measuring how much carbon dioxide their system would pump out compared to conventional processes, findings revealed it could reduce carbon emissions by up to 45%.

Their project's design is just one of many in the chemical sector being driven by the urgent need for more sustainable technologies, said Shekhar Shinde, co-author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

In this study's case, their work could help drastically reduce society's dependence on fossil fuels.




"There has been a drastic shift in terms of what was done before and what people are trying to do now in terms of decarbonizing research," he said.

While earlier technologies could only filter biomass waste and plastics separately, this team's technology also has the potential to handle multiple types of materials at once by continuously blending the conditions needed to convert them, noted the study.

Once the team's simulations yield more data, they eventually hope to test the system's market capabilities by conducting experiments over a longer time frame with other unique components.

"Expanding the process to include the municipal solid waste that we get from recycling centers is our next priority," Kudva said. "The work in the lab is still going on with respect to commercializing this technology and decarbonizing the industry."

Other Ohio State co-authors include Rushikesh K. Joshi, Tanay A. Jawdekar, Sudeshna Gun, Sonu Kumar, Ashin A Sunny, Darien Kulchytsky and Zhuo Cheng. The study was supported by Buckeye Precious Plastic.
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A less 'clumpy,' more complex universe? | ScienceDaily
Across cosmic history, powerful forces have acted on matter, reshaping the universe into an increasingly complex web of structures.


						
Now, new research led by Joshua Kim and Mathew Madhavacheril at the University of Pennsylvania and their collaborators at Lawrence Berkeley National Laboratory suggests our universe has become "messier and more complicated" over the roughly 13.8 billion years it's been around, or rather, the distribution of matter over the years is less "clumpy" than expected.

"Our work cross-correlated two types of datasets from complementary, but very distinct, surveys," says Madhavacheril, "and what we found was that for the most part, the story of structure formation is remarkably consistent with the predictions from Einstein's gravity. We did see a hint for a small discrepancy in the amount of expected clumpiness in recent epochs, around four billion years ago, which could be interesting to pursue."

The data, published in the Journal of Cosmology and Astroparticle Physics and the preprint server arXiv, comes from the Atacama Cosmology Telescope's (ACT) final data release (DR6) and the Dark Energy Spectroscopic Instrument's (DESI) Year 1. Madhavacheril says that pairing this data allowed the team to layer cosmic time in a way that resembles stacking transparencies of ancient cosmic photographs over recent ones, giving a multidimensional perspective of the cosmos.

"ACT, covering approximately 23% of the sky, paints a picture of the universe's infancy by using a distant, faint light that's been travelling since the Big Bang," says first author of the paper Joshua Kim, a graduate researcher in the Madhavacheril Group. "Formally, this light is called the Cosmic Microwave Background (CMB), but we sometimes just call it the universe's baby picture because it's a snapshot of when it was around 380,000 years old."

The path of this ancient light throughout evolutionary time, or as the universe has aged, has not been a straight one, Kim explains. Gravitational forces from large, dense, heavy structures like galaxy clusters in the cosmos have been warping the CMB, sort of like how an image is distorted as it travels through a pair of spectacles. This "gravitational lensing effect," which was first predicted by Einstein more than 100 years ago, is how cosmologists make inferences about its properties like matter distribution and age.

DESI's data, on the other hand, provides a more recent record of the cosmos. Based in the Kitt Peak National Observatory in Arizona and operated by the Lawrence Berkeley National Laboratory, DESI is mapping the universe's three-dimensional structure by studying the distribution of millions of galaxies, particularly luminous red galaxies (LRGs). These galaxies act as cosmic landmarks, making it possible for scientists to trace how matter has spread out over billions of years.




"The LRGs from DESI are like a more recent picture of the universe, showing us how galaxies are distributed at varying distances," Kim says, likening the data to the universe's high school yearbook photo. "It's a powerful way to see how structures have evolved from the CMB map to where galaxies stand today.

By combining the lensing maps from ACT's CMB data with DESI's LRGs, the team created an unprecedented overlap between ancient and recent cosmic history, enabling them to compare early- and late-universe measurements directly. "This process is like a cosmic CT scan," says Madhavacheril, "where we can look through different slices of cosmic history and track how matter clumped together at different epochs. It gives us a direct look into how the gravitational influence of matter changed over billions of years."

In doing so they noticed a small discrepancy: the clumpiness, or density fluctuations, expected at later epochs didn't quite match predictions. Sigma 8 (s8), a metric that measures the amplitude of matter density fluctuations, is a key factor, Kim says, and lower values of s8 indicate less clumping than expected, which could mean that cosmic structures haven't evolved according to the predictions from early-universe models and suggest that the universe's structural growth may have slowed in ways current models don't fully explain.

This slight disagreement with expectations, he explains, "isn't strong enough to suggest new physics conclusively -- it's still possible that this deviation is purely by chance."

If indeed the deviation is not by chance, some unaccounted-for physics could be at play, moderating how structures form and evolve over cosmic time. One hypothesis is that dark energy -- the mysterious force thought to drive the universe's accelerating expansion -- could be influencing cosmic structure formation more than previously understood.

Moving forward, the team will work with more powerful telescopes, like the upcoming Simons Observatory, which will refine these measurements with higher precision, enabling a clearer view of cosmic structures.
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Scientists 'mimic real biological processes' using synthetic neurons | ScienceDaily
Artificially engineered biological processes, such as perception systems, remain an elusive target for organic electronics experts due to the reliance of human senses on an adaptive network of sensory neurons, which communicate by firing in response to environmental stimuli.


						
A new collaboration between Northwestern University and Georgia Tech has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons. They also built a complete perception system by designing other organic materials and integrating their engineered neurons with artificial touch receptors and synapses, which enabled real-time tactile signal sensing and processing.

The research, described in a paper published this month in the journal Proceedings of the National Academy of Sciences (PNAS), could move the needle on intelligent robots and other systems currently stymied by sensing systems that are less powerful than those of a human.

"The study highlights significant progress in organic electronics and their application in bridging the gap between biology and technology," said first author Yao Yao, a Northwestern engineering professor. "We created an efficient artificial neuron with reduced footprint and outstanding neuronal characteristics. Leveraging this capability, we developed a complete tactile neuromorphic perception system to mimic real biological processes."

According to corresponding author Tobin J. Marks, Northwestern's Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, existing artificial neural circuits tend to fire within a narrow frequency range.

"The synthetic neuron in this study achieves unprecedented performance in firing frequency modulation, offering a range 50 times broader than existing organic electrochemical neural circuits," Marks said. "In contrast, our device's outstanding neuronal characteristics establish it as an advanced achievement in organic electrochemical neurons."

Marks is a world leader in the fields of organometallic chemistry, chemical catalysis, materials science, organic electronics, photovoltaics and nanotechnology. He is also a professor of Materials Science and Engineering and Professor of Chemical and Biological Engineering in Northwestern's McCormick School of Engineering and as Professor of Applied Physics. His co-corresponding author Antonio Facchetti, a professor at Georgia Tech's School of Materials Science and Engineering, also serves as an adjunct professor of chemistry at Northwestern.




"This study presents the first complete neuromorphic tactile perception system based on artificial neurons, which integrates artificial tactile receptors and artificial synapses," said Facchetti. "It demonstrates the ability to encode tactile stimuli into spiking neuronal signals in real time and further translate them into post-synaptic responses."

The team spanned departments and schools, with researchers who specialized in organic synthesis creating advanced materials that electronic device researchers then incorporated into circuit design and fabrication, and system integration.

With the human brain's immense network of 86 billion neurons poised to fire, sensing systems remain difficult to recreate. Scientists are limited by both the footprint of the design and by the amount they can create. In future models, the team hopes to further reduce the device's size, taking the project a step closer to fully mimicking human sensing systems.

This work was supported by the Air Force Office of Scientific Research (FA9550-22-1-0423), the Northwestern University Materials Research Science and Engineering Center (MRSEC; award from National Science Foundation DMR-230869), Flexterra Corporation, the National Science Fund for Distinguished Young Scholars of China (No. 32425040) and the National Natural Science Foundation of China (Grant No. 32201648).
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Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water | ScienceDaily
Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water. The technology could enable household testing for arsenic, empowering individuals to monitor their own water quality.


						
Arsenic contamination is a serious environmental and public health challenge affecting millions of people around the world. This contamination occurs when natural geological processes release arsenic from rocks and soil into groundwater and can be exacerbated by mining, industrial waste disposal and use of arsenic-based pesticides.

"Consuming arsenic-contaminated water can lead to severe health conditions including arsenic poisoning and cancers of the skin, lung, kidney and bladder," said lead researcher Sunil Khijwania from the Indian Institute of Technology Guwahati. "By creating a sensor that is sensitive, selective, reusable and cost-effective, we aim to address the need for a reliable and user-friendly tool for routine monitoring, helping to protect communities from the risks of arsenic exposure."

In the Optica Publishing Group journal Applied Optics, the researchers describe their new sensor, which uses an optical fiber and an optical phenomenon known as localized surface plasmon resonance. They used it to detect arsenic levels as low as 0.09 parts per billion (ppb), 111 times lower than the maximum permissible limit of 10 ppb established by the World Health Organization. The sensor also exhibited reliable performance when tested on real drinking water samples from diverse locations and conditions.

"The highly sensitive sensor provides analysis within just 0.5 seconds and demonstrates a high degree of reusability, repeatability, stability and reliability, making it a powerful tool for monitoring and ensuring safer water quality," said Khijwania. "In the future, this technology could make it much easier for people to check whether their drinking water is safe, potentially saving lives by preventing exposure to harmful arsenic levels."

A user-friendly yet accurate sensor

Although conventional spectroscopy methods for detecting arsenic are highly accurate and sensitive, they tend to require complex, bulky, expensive equipment that is time-consuming and complicated to use. To fill this critical gap, the researchers developed an optical fiber sensor that not only has a low detection limit but is also cost-effective and user-friendly enough for routine arsenic monitoring in drinking water.




To make the new sensor, the researchers coated the inside core of a fiber with gold nanoparticles and a thin layer of a unique nanocomposite composed of aluminum oxide and graphene oxide, which selectively binds to arsenic ions. A portion of the light traveling through the core also extends into the surrounding fiber cladding due to the evanescent wave created by total internal reflection. By removing the cladding in a small section of the fiber, the evanescent wave is exposed to the environment.

As light travels through the optical fiber, the evanescent wave interacts with gold nanoparticles, triggering localized surface plasmon resonance -- a phenomenon where electrons on the nanoparticle surface collectively oscillate in response to specific light wavelengths. If arsenic is present, it will bind to the nanocomposite, causing a measurable shift in the surface plasmon resonance wavelength and enabling accurate detection of trace arsenic in water.

Thorough performance assessment

The researchers tested the sensor using varying concentrations of arsenic ion solutions, finding that it produced consistent and reliable detection of arsenic across the tested concentration range. After additional optimization, they tested other parameters, showing that the sensor produced consistent results during both low-to-high and high-to-low changes in arsenic ion concentration and achieved a fast response time of just 0.5 seconds.

The sensor exhibited a maximum resolution of +- 0.058 ppb of arsenic and showed negligible variations in results for samples with identical arsenic concentrations analyzed on four separate days over an 18-day period. The researchers also compared sensor measurements to those obtained with inductively coupled plasma mass spectrometry (ICP-MS), which is commonly used for arsenic measurements. The sensor showed a relative percentage difference of less than 5%, indicating strong agreement between the two methods.

To evaluate the real-world applicability of the sensor, the researchers tested it on drinking water samples collected from different locations in the city of Guwahati in India. The sensor maintained reliable performance under these varied conditions.

"These investigations established that the proposed optical fiber sensor offers a highly sensitive, selective, fast, cost-effective, straightforward and easy solution for arsenic detection in real field conditions," said Khijwania. "In the long term, this new approach could potentially be modified to create a new wave of affordable and accessible environmental monitoring tools."

The researchers note that although the sensor is ready for real-world use in detecting arsenic, a less expensive and easier-to-use optical source and detector would need to be developed to enable widespread application.
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Common plastic pigment promotes depolymerization | ScienceDaily
It turns out that the black plastic lid atop your coffee cup has a superpower. And the Stache Lab at Princeton Chemistry, which uncovered it, is exploiting that property to recycle at least two major types of plastic.


						
Their startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

So far, researchers have shown that carbon black can depolymerize polystyrene and polyvinyl chloride (PVC), two of the least recycled plastics in the planet's waste stream. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

Two recent papers highlight the potential. First, in ACS Central Science at the end of last year, there was a proof-of concept for the depolymerization of polystyrene using a common Fresnel lens to focus photonic energy. Then, earlier this month, the lab published their method to upcycle PVC in the Journal of the American Chemical Society (JACS).

In both cases, carbon black serves as the trigger of the breakdown, a quality Assistant Professor of Chemistry Erin Stache discovered recently and that even industrial partners she has spoken with were unaware of. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies.

"The surprising thing, especially with the black polystyrene depolymerization, is that they've been manufacturing these materials for decades and it seems no one recognized that this was possible," said Stache. "Under ambient sunlight, the energy is not sufficient to break down these polymers. But if you increase the light intensity enough, then you start seeing the depolymerization.

"We can certainly change our habits to help alleviate the amount of plastic we use. But we're not going to get rid of our dependence on plastic. So can we think of it instead as a resource? Can we turn it into other commodity chemicals that we have to make anyway? We have found that we can."

In their ACS paper, researchers showed that unmodified post-consumer black polystyrene samples were successfully depolymerized to a styrene monomer without adding catalysts or solvent. Simple, focused radiation on the plastic provided monomer yields of up to 80% in just five minutes.




"I think this marriage between photothermal and depolymerization strategies is really groundbreaking. Black colored plastic accounts for ~15% of all plastics, and we found that 10-weight percent of black polystyrene in plastic mixture is enough to give good yield," said Hanning Jiang, co-first author on the paper.

"Carbon black absorbs all the way from UV to IR, and that's great because what we want is for this agent to take as much light as possible and transform light into heat."

Next, the lab adapted their method to PVC and received strong results. They extended the process by adding polystyrene into the PVC-carbon black mixture -- "We basically spatula it in," said Stache -- and were able to upcycle the material and then derivatize it into a couple of common consumer products.

Part of the challenge of recycling PVC is that the material has carbon-chlorine bonds that generates hydrochloric acid (HCl) whether it's being recycled mechanically or chemically. Hydrochloric acid is corrosive and highly toxic.

"We used carbon black to initiate the thermal degradation of PVC, generate HCl with an acceptor for HCl that reacts to make an adduct," Stache explained. "So you can basically access a new commodity chemical from the process. We take advantage of what is normally a bad process -- the HCl -- and add it to another commodity chemical, and then we get a new product."

Recycling of Post-Consumer Waste Polystyrene Using Commercial Plastic Additives was authored by Sewon Oh, Hanning Jiang, Liat Kugelmass, and Erin Stache and appeared in the Nov. 25, 2024 edition of ACS Central Science.
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The secret life of catalysts: New discoveries in chemical reactions | ScienceDaily
Scientists from the Interface Science Department of the Fritz Haber Institute of the Max Planck Society in collaboration with beamline scientists at the Helmholtz-Zentrum Berlin have made an advancement in the field of electrocatalysis. Their latest research, published in th journal Nature Materials, sheds light on how catalysts can stay in unanticipated forms during the process of nitrate reduction. The study, titled "Revealing Catalyst Restructuring and Composition During Nitrate Electroreduction through Correlated Operando Microscopy and Spectroscopy," offers new insights that could pave the way for more efficient catalyst design. 


						
Understanding Catalysts: The Key to Better Chemical Reactions

Catalysts are substances that speed up chemical reactions without being consumed in the process. They are crucial in many industrial applications, from producing fuels to manufacturing pharmaceuticals. However, understanding how these catalysts behave while they are working has always been a challenge. This is because catalysts can change their structure (size and shape) and composition when an electric potential is applied, much like how a chameleon changes its color to blend into different environments. A long-standing assumption is that also like the chameleon, the catalyst will quickly transform into its preferred state (active state) once the electrical potential is applied.

A Multi-Modal Approach to Study Catalysts

The research team employed a unique combination of advanced techniques to show that this assumption is not valid under certain conditions. First, they used a method called electrochemical liquid cell transmission electron microscopy (EC-TEM) to follow cubic Cu2O pre-catalysts under conditions where they were participating in the nitrate reduction reaction that is here being utilized to generate green ammonia. This technique allowed them to see how the catalysts, specifically cubic Cu2O pre-catalysts, changed during the reaction. Then, they used a combination of X-ray microscopy/spectroscopy and Raman spectroscopy to check whether the pre-catalysts transform into the expected Cu metal phase during reaction, and whether such transformation was homogeneous over all nanocatalyst particles.

Key Findings: The Role of Redox Kinetics

A significant finding of the study is that the Cu2O cubes do not quickly turn into the preferred metallic state and can stay as a mix of Cu metal, Cu oxide and Cu hydroxide for a long time during operation. The composition of this mixture and the shape of the evolved catalysts depend heavily on the electric potential applied, the surrounding chemical environment and the reaction duration.




Implications for Ammonia Selectivity

A big motivation for studying nitrate reduction is to explore its potential for recycling waste nitrates by turning them back into ammonia, a key ingredient in fertilizers for food production. So far, our strategies for optimizing this process have been based on expecting catalysts to adopt their most favorable forms during reaction. This research will pave the way towards new ways to design the Cu-based pre-catalysts that are better at producing ammonia.

Dr. See Wee Chee, a group leader at the Interface Science Department and corresponding author of the study emphasizes, "It is unexpected that we get different phases during reaction especially when we start from a single form of a single element pre-catalyst. More importantly, this mixed state can be maintained for a long time, which is valuable insight if we want to design more efficient catalysts."

This research also demonstrates how advanced, real-time observation techniques that can capture local chemical differences can help us understand the complex nature of catalysts at work.

Prof. Beatriz Roldan, director of the Interface Science Department at the FHI and co-corresponding author stated: "Industrially, NH3 is synthesized via the gas-phase Haber-Bosch thermal catalysis method, which takes place at moderate temperatures (450-550 degC) but high pressures (150 bar) with a large consumption of fossil-generated H2. The challenge we tackled here was to find an alternative method for NH3 synthesis with reduced carbon emissions. This was accomplished by following a direct electrocatalytic route driven by renewable electricity."
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New acoustic wave phenomenon discovered | ScienceDaily
A unique propagation phenomenon of acoustic waves has been discovered, paving the way for developing advanced communication technologies using acoustic devices. The research was led by the Institute for Materials Research at Tohoku University, in collaboration with the Japan Atomic Energy Agency and the RIKEN Center for Emergent Matter Science.


						
Surface acoustic waves (SAWs) -- elastic vibrations that travel along the surface of materials like ripples on a pond -- play a crucial role in modern communication technologies. These are key components in frequency filters used in everyday devices such as mobile phones. These devices convert electrical signals into vibrations, or "ripples," through the piezoelectric effect, enabling efficient signal processing. Therefore, a deeper understanding of SAW behaviour is essential for advancing future technologies.

In the experiment, the team used advanced nanofabrication techniques to create a periodic array of nanoscale magnetic materials. The magnetic nanoscale array can be thought of as a specialized grating that the waves go through. To their surprise, instead of the typical symmetric diffraction pattern, the research team observed a completely novel, asymmetrical diffraction phenomenon of SAWs called "nonreciprocal diffraction."

"This phenomenon has previously been observed only in optics," remarks Yoichi Nii, "so we are very excited to confirm that it extends beyond optics to other wave phenomena."

Through theoretical analysis, the research team identified this asymmetrical behavior as arising from the unique interaction between SAWs and magnetic materials, specifically related to their angular momenta.

This finding may enable precise control of SAW propagation paths using magnetic fields, leading to the development of innovative acoustic devices that advance both classical and quantum communication technologies. Uncovering new properties of SAWs is essential for developing next-generation communication systems and devices.

The study was published in Physical Review Letters on January 14, 2025.
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The hidden power of the smallest microquasars | ScienceDaily
Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.


						
Our home planet is bombarded with particles from outer space all the time. And while we are mostly familiar with the rocky meteorites originating from within our solar system that create fascinating shooting stars in the night sky, it's the smallest particles that help scientists to understand the nature of the universe. Subatomic particles such as electrons or protons arriving from interstellar space and beyond are one of the fastest particles known in the universe and known as cosmic rays.

The origins and the acceleration mechanisms of the most energetic of these cosmic particles remains one of the biggest mysteries in astrophysics. Fast-moving matter outflows (or "jets") launched from black holes would be an ideal site for particle acceleration, but the details on how and under which conditions acceleration processes can occur are unclear. The most powerful jets inside our Galaxy occur in microquasars: systems composed by a stellar-mass black hole and a "normal" star. The pair orbit each other, and, once they are close enough, the black hole starts to slowly swallow its companion. As a consequence of this, jets are launched from the region close to the black hole.

In the past couple of years there has been growing evidence that microquasar jets are efficient particle accelerators. It is however unclear how much they contribute, as a group, to the total amount of cosmic rays in the Galaxy. The answer to this question requires understanding if all microquasars are able to accelerate particles or only a lucky few.

Microquasars are usually classified depending on the mass of the star in the system into either "low-mass" or "high-mass" systems, with lower-mass systems being much more abundant. However, up until now evidence of particle acceleration was only found for the high-mass systems. For example, the microquasar SS 433, which was recently revealed to be one of the most powerful particle accelerators in the Galaxy, contains a star with mass approximately ten times that of the Sun. Consequently, it was generally believed that low-mass microquasars were not powerful enough to produce gamma-rays. Dr. Laura Olivera-Nieto from the Max-Planck-Institut fur Kernphysik in Heidelberg, Germany (MPIK) and Dr. Guillem Marti-Devesa from the Universita di Trieste, Italy have now made a discovery that shakes this paradigm. They used 16 years of data from the Large Area Telescope detector onboard NASA's satellite Fermi to reveal a faint gamma-ray signal consistent with the position of GRS 1915+105, a microquasar with a star smaller than the Sun. The gamma-ray signal is measured to have energies higher than 10 GeV, indicating that the system could accelerate particles to even higher energies.

The observations favor a scenario in which protons are accelerated in the jets, after which they escape and interact with nearby gas to produce gamma-ray photons. In the paper, published in the Astrophysical Journal Letters, they also use data from the Nobeyama 45-meter radio telescope in Japan, which indicates that there is enough gas material around the source for this scenario.

This result shows that even microquasars hosting a low-mass star are capable of particle acceleration. Because this is the most numerous class, this finding has significant implications for the estimated contribution of microquasars as a group to the cosmic ray content of our Galaxy. However, more detections and multi-wavelength studies will be required in order to further narrow down why some systems accelerate particles efficiently but not all.
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Green phosphonate chemistry -- Does it exist? | ScienceDaily
Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.


						
Organic phosphorus compounds play a crucial role in several scientific fields, such as chemistry, biology, medicine and pharmacy. These compounds include phosphonates, which have particularly important applications as drugs for the treatment of osteoporosis and other calcium metabolism related diseases, and as corrosion and scale inhibitors, among other things.

The EU has listed phosphorus as one of the critical raw materials, i.e., raw materials ofgreat economic importance and with a high risk of supply disruption due to the concentration of their sources and the lack of good, affordable substitutes.

"Therefore, one can ask whether it is even relevant to talk about green chemistry for any compound containing non-recycled phosphorus," notes one of the authors of the review, Staff Scientist Petri Turhanen from the School of Pharmacy at the University of Eastern Finland.

Green chemistry is an area of chemistry and chemical engineering focusing on the design of products and processes that minimise or eliminate the use and generation of hazardous substances. Green chemistry methods are increasingly expected to provide solutions to the world's major environmental problems.

The recently published review article focuses on green methods in the synthesis of phosphonates, as well as the wide range of their applications. In addition, the review discusses the degradation, recovery and recycling of phosphonates.

"Feasible green chemistry methods have already been developed for the synthesis of phosphonates; however, the efficient recovery and recycling of phosphonates or phosphorus still requires a great deal of research," Turhanen sums up.

The article was an invited paper for Green Chemistry, which is the flagship journal in the field, and it was co-authored with Turhanen by University Researchers Santosh Kumar Adla and Juri Timonen from the School of Pharmacy as well as by a long-term collaborator, Professor Konstantinos D. Demadis from the University of Crete.
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New study improves the trustworthiness of wind power forecasts | ScienceDaily
Explainable artificial intelligence (XAI) is a branch of AI that helps users to peek inside the black-box of AI models to understand how their output is generated and whether their forecasts can be trusted. Recently, XAI has gained prominence in computer vision tasks such as image recognition, where understanding model decisions is critical. Building on its success in this field, it is now gradually being extended to various fields where trust and transparency are particularly important, including healthcare, transportation, and finance.


						
Researchers at EPFL's Wind Engineering and Renewable Energy Laboratory (WiRE) have tailored XAI to the black-box AI models used in their field. In a study appearing in Applied Energy, they found that XAI can improve the interpretability of wind power forecasting by providing insight into the string of decisions made by a black-box model and can help identify which variables should be used in a model's input.

"Before grid operators can effectively integrate wind power into their smart grids, they need reliable daily forecasts of wind energy generation with a low margin of error," says Prof. Fernando Porte-Agel, who's the head of WiRE. "Inaccurate forecasts mean grid operators have to compensate at the last minute, often using more expensive fossil fuel-based energy."

More credible and reliable predictions

The models currently used to forecast wind power output are based on fluid dynamics, weather modeling, and statistical methods -- yet they still have a non-negligible margin of error. AI has enabled engineers to improve wind power predictions by using extensive data to identify patterns between weather model variables and wind turbine power output. Most AI models, however, function as "black boxes," making it challenging to understand how they arrive at specific predictions. XAI addresses this issue by providing transparency on the modeling processes leading to the forecasts, resulting in more credible and reliable predictions.

Most important variables

To carry out their study, the research team trained a neural network by selecting input variables from a weather model with a significant influence on wind power generation -- such as wind direction, wind speed, air pressure, and temperature -- alongside data collected from wind farms in Switzerland and worldwide. "We tailored four XAI techniques and developed metrics for determining whether a technique's interpretation of the data is reliable," says Wenlong Liao, the study's lead author and a postdoc at WiRE.

In machine learning, metrics are what engineers use to evaluate the model performance. For example, metrics can show whether the relationship between two variables is causation or correlation. They're developed for specific applications -- diagnosing a medical condition, measuring the number of hours lost to traffic congestion or calculating a company's stock-market valuation. "In our study, we defined various metrics to evaluate the trustworthiness of XAI techniques. Moreover, trustworthy XAI techniques can pinpoint which variables we should factor into our models to generate reliable forecasts," says Liao. "We even saw that we could leave certain variables out of our models without making them any less accurate."

More competitive

According to Jiannong Fang -- an EPFL scientist and co-author of the study -- these findings could help make wind power more competitive. "Power system operators won't feel very comfortable relying on wind power if they don't understand the internal mechanisms that their forecasting models are based on," he says. "But with XAI-based approach, models can be diagnosed and upgraded, hence generate more reliable forecasts of daily wind power fluctuations."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129115505.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research leads to viable solution for polycotton textile waste recycling | ScienceDaily

The research was led by Prof. Gert-Jan Gruter, who heads the Industrial Sustainable Chemistry group at the UvA's Van 't Hoff Institute for Molecular Sciences (HIMS) as a parttime professor. Gruter is Chief Technology Officer at Avantium where he leads the development of renewable and circular polymer materials and technologies that are key to transforming our fossil-based economy into a renewable, bio-based economy. "Being able to recover glucose from the cotton in textile waste is a crucial contribution to this, as glucose is a key bio-based feedstock. Currently, it is produced from starch from corn and wheat. If and when we will be producing plastics from biomass on a large scale, the world will need a lot of non-food glucose."

Equally important, the process now presented in the Nature Communications paper provides a solution to the mammoth problem of recycling textile waste. According to Gruter, it is the first effective method for recycling both cotton and polyester components of polycotton with high efficiency. Gruter's PhD student Nienke Leenders, first author of the paper, performed many tests under the four-year MiWaTex project that has been funded by the Dutch Research Council NWO and is now about halfway. The project entails cooperation with textile sorting and recycling company Wieland, workwear producer Groenendijk Bedrijfskleding, Modint, the trade association for the Dutch clothing and textile industry, and CuRe, developer of advanced technology for chemical recycling of polyester.

Scalability and cost-effectiveness

The Nature Communications paper describes how Leenders performed experiments using Avantium's pilot plant for its proprietary Dawn Technology which was originally developed to convert non-food plant-based feedstock (e.g wood) into glucose and lignin. Its key feature is using highly concentrated hydrochloric acid (43% by weight) at room temperature. Leenders tested batches of actual post-consumer polycotton waste textiles in Avantium's Dawn pilot plant. It turned out the cotton cellulose could be fully hydrolyzed into glucose under industrially relevant conditions. The polyester part of the fabric remained intact and could be easily separated. The trials demonstrated high glucose yields, indicating scalability and cost-effectiveness.

The cotton-derived glucose from the process can be used in a wide range of industrial applications, including polymers, resins and solvents. It can for example be used by Avantium to produce its lead product 2,5-furandicarboxylic acid (FDCA), a crucial component in the production of the biobased PEF polyester (polyethylene furanoate) that offers a renewable alternative to PET bottles.

The process also enables the complete recycling of polyester from polycotton. It can be chemically recycled to form new virgin polyester, as was established by tests performed by CuRe.

Favorable techno-economic analysis 

According to Gruter, the research lays the foundation for actual industrial-scale recycling of polycotton textiles and the first commercial availability of non-food glucose. "Many parties are trying to get either of these things done but no one has succeeded yet. Our techno-economic analysis looks rather favourable and Avantium has already invested substantially in this development. Our ambition is to advance this technology to the next phase of commercialization, together with partners. So we might very well be the first to market non-food glucose obtained through a bio-refinery approach."
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Even quantum physics obeys the law of entropy | ScienceDaily
It is one of the most important laws of nature that we know: The famous second law of thermodynamics says that the world gets more and more disordered, when random chance is at play. Or, to put it more precisely: That entropy must increase in every closed system. Ordered structures lose their order, regular ice crystals turn into water, porcelain vases are broken up into shards. At first glance, however, quantum physics does not really seem to adhere to this rule: Mathematically speaking, entropy in quantum systems always remains the same.


						
A research team at TU Wien has now taken a closer look at this apparent contradiction and has been able to show: It depends on what kind of entropy you look at. If you define the concept of entropy in a way that it compatible with the basic ideas of quantum physics, then there is no longer any contradiction between quantum physics and thermodynamics. Entropy also increases in initially ordered quantum systems until it reaches a final state of disorder.

Entropy and the direction of time

Equating 'entropy' with 'disorder' is not entirely correct. After all, what you understand by 'disorder' may be subjective, but entropy can be clearly defined with mathematical equations.

"Entropy is a measure of whether a system is in a special, very particular state, in which case the system has low entropy, or whether it is in one of many states that look more or less the same, in which case it has high entropy," explains Prof Marcus Huber from the Institute for Atomic and Subatomic Physics at TU Wien. If you start with a very specific state, for example a box full of balls that are sorted exactly by colour, then if you shake the box a little, a higher entropy mixed state will develop over time. This is simply due to the fact that only a few ordered states exist, but many that are similarly disordered.

"From a physical point of view, this is what defines the direction of time," says Max Lock (TU Wien). "In the past, entropy was lower; the future is where entropy is higher." However, quantum physics encounters a problem here: the mathematician and physicist John von Neumann was able to show: according to the laws of quantum physics, the entropy in a quantum system cannot change at all. If you have the full information about a quantum system, the so-called 'von Neumann entropy' always stays the same; it is impossible to say whether time is running forwards or backwards, each point in time is physically as good as any other.

We only ever know part of the information

"But this view leaves out something important," says Tom Rivlin (TU Vienna). "In quantum physics you can never actually have full information about a system. We can choose a property of the system that we want to measure -- a so-called observable. This can be, for example, the location of a particle or its speed. Quantum theory then tells us the probabilities to obtain different possible measurement results. But according to quantum theory, we can never have full information about the system."




Even if we know the probabilities, the actual result of a specific measurement remains a surprise. This element of surprise must be included in the definition of entropy. Instead of calculating the von Neumann entropy for the complete quantum state of the entire system, you could calculate an entropy for a specific observable. The former would not change with time, but the latter might.

This type of entropy is called 'Shannon entropy'. It depends on the probabilities with which different possible values are measured. 'You could say that Shannon entropy is a measure of how much information you gain from the measurement,' says Florian Meier (TU Wien). "If there is only one possible measurement result that occurs with 100% certainty, then the Shannon entropy is zero. You won't be surprised by the result, you won't learn anything from it. If there are many possible values with similarly large probabilities, then the Shannon entropy is large."

Quantum disorder increases after all

The research team has now been able to show that if you start with a state of low Shannon entropy, then this kind of entropy increases in a closed quantum system until it levels off around a maximum value -- exactly as is known from thermodynamics in classical systems. The more time passes, the more unclear the measurement results become and the greater the surprise that can be experienced when observing. This has now been proven mathematically and also confirmed by computer simulations that describe the behaviour of several interacting particles.

"This shows us that the second law of thermodynamics is also true in a quantum system that is completely isolated from its environment. You just have to ask the right questions and use a suitable definition of entropy," says Marcus Huber.

If you are investigating quantum systems that consist of very few particles (for example, a hydrogen atom with only a few electrons), then such considerations are irrelevant. But today, especially with regard to modern technical applications of quantum physics, we are often faced with the challenge of describing quantum systems that consist of many particles. "To describe such many-particle systems, it is essential to reconcile quantum theory with thermodynamics," says Marcus Huber. "That's why we also want to use our basic research to lay the foundation for new quantum technologies."
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Improving the way flash memory is made | ScienceDaily
To store ever more data in electronic devices of the same size, the manufacturing processes for these devices need to be studied in greater detail. By investigating new approaches to making digital memory at the atomic scale, researchers engaged in a public-private partnership are aiming to address the endless demand for denser data storage.


						
One such effort has focused on developing the ideal manufacturing process for a type of digital memory known as 3D NAND flash memory, which stacks data vertically to increase storage density. The narrow, deep holes required for this type of memory can be etched twice as fast with the right plasma and other key ingredients, according to a new study published in the Journal of Vacuum Science & Technology A. The study involved simulations and experiments conducted by scientists at Lam Research, the University of Colorado Boulder and the U.S. Department of Energy's Princeton Plasma Physics Laboratory (PPPL).

NAND flash memory is a type of nonvolatile data storage, meaning that it retains data even if the power to the device is off. "Most people are familiar with NAND flash memory because it's the kind that is in the memory cards for digital cameras and thumb drives. It is also used in computers and mobile phones. Making this type of memory denser still -- so that more data can be packed into the same footprint -- will be increasingly important as our data storage needs grow due to the use of artificial intelligence," said Igor Kaganovich, a principal research physicist at PPPL.

Stacking memory cells to save space

Digital memory saves information in units called cells. Data is saved as the cell's state, where each cell is either on or off. With traditional NAND flash memory, the cells are arranged in a single layer. In 3D NAND flash memory, many memory cells are stacked on top of each other to fit more data in a smaller footprint. It's akin to replacing a bungalow with a 10-story apartment to house more people.

A critical step in creating these stacks involves carving holes into alternating layers of silicon oxide and silicon nitride. The holes can be etched by exposing the layered material to chemicals in the form of plasma (partly ionized gases). Atoms in the plasma interact with atoms in the layered material, carving out the holes.

Researchers want to refine how they make these holes so each one is deep, narrow, and vertical, with smooth sides. Getting the recipe just right has been tough, so scientists have continued to test new ingredients and temperatures.




Using plasma to create deep, narrow channels

"These processes use plasma as a source of high-energy ions," said Yuri Barsukov, a former PPPL researcher now working at Lam Research. Using the charged particles found in plasma is the easiest way to create the very small but deep, circular holes needed for microelectronics, he said. However, the process, known as reactive ion etching, isn't fully understood and could be improved. One recent development involves keeping the wafer -- the sheet of semiconductor material to be processed -- at a low temperature. This emerging approach is called cryo etching.

Traditionally, cryo etching uses separate hydrogen and fluorine gases to make the holes. The researchers compared results from this process to a more advanced cryo-etching process that uses hydrogen fluoride gas to create the plasma.

"Cryo etch with the hydrogen fluoride plasma showed a significant increase in the etching rate compared to previous cryo-etch processes, where you are using separate fluorine and hydrogen sources," said Thorsten Lill of Lam Research. Headquartered in Fremont, California, Lam Research supplies wafer fabrication equipment and services to chipmakers.

Doubling etch rates

When silicon nitride and silicon oxide were tested separately, the etch rate increased for the nitride and the oxide layer using the hydrogen fluoride plasma instead of the separate hydrogen and fluorine gases. While the effect for silicon nitride was more pronounced than for silicon oxide, etching both materials simultaneously yielded the most significant increase. In fact, the etching rate for the alternating silicon oxide and silicon nitride layers more than doubled, increasing from 310 nanometers per minute to 640 nanometers per minute. (A human hair is roughly 90,000 nanometers in width.)

"The quality of the etch seems to have improved as well, and that's significant," Lill said.




The researchers also studied the impact of phosphorus trifluoride, an essential ingredient when etching silicon dioxide at any significant degree. While it has been used before, the researchers wanted to better understand and quantify its impact. They found that adding phosphorus trifluoride quadrupled the etch rate for silicon dioxide, though it only marginally increased the silicon nitride etch rate.

Another chemical compound the researchers studied was ammonium fluorosilicate, which forms during the etching process when the silicon nitride reacts with the hydrogen fluoride. The research showed that ammonium fluorosilicate can slow down etching, but water can offset this effect. According to Barsukov's simulations, water weakened the ammonium fluorosilicate bonds. "The salt can decompose at a lower temperature when water is present, which can accelerate etching," Barsukov said.

Laying a foundation for future research

Kaganovich said the research is also important because it shows how scientists in industry, academia and national laboratories can work together to answer important questions in the microelectronics field. It also brings together information gathered from experimentalists and theorists. "We are building bridges to the greater community," he said. "This is an essential step in gaining a better understanding of semiconductor manufacturing processes for everyone."

Lill said he appreciates working with PPPL on semiconductor manufacturing research because PPPL research offers a range of capabilities in plasma simulation for microelectronics.

Funding for this research was provided by PPPL's Laboratory Directed Research and Development program.
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Life's building blocks in Asteroid Bennu samples | ScienceDaily
Japanese collaborators detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.


						
Asteroids, small airless bodies within the inner Solar System, are theorized to have contributed water and chemical building blocks of life to Earth billions of years ago. Although meteorites on Earth come from asteroids, the combination of exposure to moisture in the atmosphere and to an uncontrolled biosphere means that interpreting the data from them is challenging. Pristine samples collected from asteroids in space would be the ideal candidates, and successful sample collection missions have only been achieved by two countries: Japan (Hayabusa and Hayabusa2) and the United States (OSIRIS-REx).

NASA's OSIRIS-REx mission returned 121.6 grams of sample from asteroid (101955) Bennu in September 2023 -- the largest sample ever returned to Earth. Now, an international team of OSIRIS-REx sample analysis team scientists, led by Dr. Daniel Glavin and Dr. Jason Dworkin at the NASA Goddard Space Flight Center, has reported the discovery of ammonia and nitrogen-rich soluble organic matter in these samples. The findings were published in the journal Nature Astronomy. Among the findings, the Japanese contributors detected all five nitrogenous bases, molecules required for building DNA and RNA, supporting the theory that asteroids could have brought the building blocks of life to Earth.

The Bennu samples from NASA were handled under nitrogen to prevent contamination by Earth's atmosphere. A 17.75 mg sample was processed and analyzed for N-heterocycles -- organic molecules with a ring structure containing carbon and nitrogen -- using high-resolution mass spectrometry at Kyushu University.

The analysis was carried out by a research team, whose members are part of the OSIRIS-REx sample analysis team, consisting of Associate Professor Yasuhiro Oba of Hokkaido University, Principal Researcher Yoshinori Takano of JAMSTEC and Keio University, Dr. Toshiki Koga of JAMSTEC, Professor Hiroshi Naraoka of Kyushu University, and Associate Professor Yoshihiro Furukawa of Tohoku University.

The analysis revealed that the concentration of N-heterocycles is approximately 5 nmol/g, 5-10 times higher than that reported from Ryugu. In addition to the five nitrogenous bases -- adenine, guanine, cytosine, thymine and uracil -- required for building DNA and RNA, the researchers also found xanthine, hypoxanthine, and nicotinic acid (vitamin B3).

"In previous research, uracil and nicotinic acid were detected in the samples from asteroid Ryugu, but the other four nucleobases were absent. The difference in abundance and complexity of N-heterocycles between Bennu and Ryugu could reflect the differences in the environment to which these asteroids have been exposed in space," Koga explains.

Samples from the meteorites Murchison and Orgueil were also processed and analyzed previously under identical conditions for comparison. The research team observed that the ratio of purines (adenine and guanine) to pyrimidines (cytosine, thymine and uracil) was much lower in the Bennu samples compared to both Murchison and Orgueil.

"There are multiple possible reasons for this observed difference," Oba says. "They may be due to differences in parent bodies or formation pathways, or the Bennu asteroid was exposed to a cold molecular cloud environment where pyrimidine formation is more likely to occur."

"Our findings, which contribute to the larger picture painted by all the authors of the paper, indicate that nucleobase chemistry in the Bennu samples must be further studied," concluded Naraoka. Another important result of this study is that, by comparing meteorites with Bennu samples, a reference for the reanalysis of other meteorites in collections across the globe has been created.
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Exploring mysteries of Asteroid Bennu | ScienceDaily
During the past year, there's been an unusual set of samples at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab): material gathered from the 4.5-billion-year-old asteroid Bennu when it was roughly 200 million miles from Earth.


						
Berkeley Lab is one of more than 40 institutions investigating Bennu's chemical makeup to better understand how our solar system and planets evolved. In a new study published today in the journal Nature, researchers found evidence that Bennu comes from an ancient wet world, with some material from the coldest regions of the solar system, likely beyond the orbit of Saturn.

The asteroid contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago. Brines could be a productive broth for cooking up some of the key ingredients of life, and the same type of minerals are found in dried-up lake beds on Earth (such as Searles Lake in California) and have been observed on Jupiter's moon Europa and Saturn's moon Enceladus.

"It's an amazing privilege to be able to study asteroid material, direct from space," said Matthew Marcus, a Berkeley Lab scientist who runs the Advanced Light Source (ALS) beamline where some of the samples were studied and who wrote one of the programs used to analyze their chemical composition. "We have highly specialized instruments that can tell us what Bennu is made of and help reveal its history."

The samples from Bennu were gathered by NASA's OSIRIS-REx mission, the first U.S. mission to return samples from an asteroid. The mission returned nearly 122 grams of material from Bennu -- the largest sample ever captured in space and returned to Earth from an extraterrestrial body beyond the Moon.

Marcus teamed up with Scott Sandford from NASA Ames Research Center and Zack Gainsforth from the UC Berkeley Space Sciences Laboratory to study the Bennu sample using scanning transmission X-ray microscopy (STXM) at the ALS. By varying the energy of the X-rays, they were able to determine the presence (or absence) of specific chemical bonds at the nanometer scale and map out the different chemicals found in the asteroid. The science team discovered that some of the last salts to evaporate from the brine were mixed into the rock at the finest levels.

"This sort of information provides us with important clues about the processes, environments, and timing that formed the samples," Sandford said. "Understanding these samples is important, since they represent the types of materials that were likely seeded on the surface of the early Earth and may have played a role in the origins and early evolution of life."

At Berkeley Lab's Molecular Foundry, researchers used a beam of electrons to image the same Bennu samples with transmission electron microscopy (TEM). The Foundry also helped prepare the samples for the experiments run at the ALS. Experts used an ion beam to carve out microscopic sections of the material that are about a thousand times thinner than a sheet of paper.




"Being able to examine the same exact atoms using both STXM and TEM removed many of the uncertainties in interpreting our data," Gainsforth said. "We were able to confirm that we really were seeing a ubiquitous phase formed by evaporation. It took a lot of work to get Bennu to give up its secrets, but we are delighted with the final result."

This is not the first time the ALS and Molecular Foundry have studied material from space. Researchers also used the two facilities to investigate samples from the asteroid Ryugu, building up our understanding of our early solar system. And there's still more to come, with additional studies of Bennu at both the STXM and infrared beamlines at the ALS planned for the coming year.

Berkeley Lab researchers also contributed to a second paper published today in Nature Astronomy that analyzed organic materials found on the asteroid. Within the Bennu sample, the science team identified 14 of the 20 amino acids that life on Earth uses to build proteins. They also found all five nucleobases, the ring-shaped molecules that form DNA and RNA, as well as ammonia, which on Earth might have helped spark the emergence of early life.

The results support the idea that asteroids like Bennu may have delivered water and essential chemical building blocks of life to Earth in the distant past. Based on the similarities between asteroid Bennu and the icy dwarf planets and moons of our outer solar system, these potential ingredients for life could be widespread.
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Advanced brain circuit-mapping technique reveals new anxiety drug target | ScienceDaily
Weill Cornell Medicine investigators have identified in a preclinical model a specific brain circuit whose inhibition appears to reduce anxiety without side effects. Their work suggests a new target for treating anxiety disorders and related conditions and demonstrates a general strategy, based on a method called photopharmacology, for mapping drug effects on the brain.


						
In their study, published Jan. 28 in Neuron, the researchers examined the effects of experimental drug compounds that activate a type of brain-cell receptor called the metabotropic glutamate receptor 2 (mGluR2). While these receptors are found on neurons within many brain circuits, the team showed that activating them in a specific circuit terminating in an emotion-related brain region called the amygdala reduces signs of anxiety without apparent adverse side effects. Current treatments for anxiety disorders, panic disorder and associated conditions can have unwanted side effects including cognitive impairments.

"Our findings indicate a new and important target for the treatment of anxiety-related disorders and show that our photopharmacology-based approach holds promise more broadly as a way to precisely reverse-engineer how therapeutics work in the brain," said study senior author Dr. Joshua Levitz, an associate professor of biochemistry at Weill Cornell Medicine.

The co-first authors of the study are Drs. Hermany Munguba and Ipsit Srivastava, a former and current postdoctoral associate, respectively, in the Levitz lab, and Dr. Vanessa Gutzeit, a doctoral student in the Levitz lab at the time of the study.

Activating mGluR2 -- a tiny "dimmer switch" that reduces the synaptic transmission of its host neuron -- has been shown to have anxiety-reducing effects in prior preclinical and small clinical studies. However, the development of this drug class has been stymied in part by concerns over potential side effects. mGluR2 is found within many different brain circuits, and the drugs that target them often activate other members of the mGluR family as well, contributing to the possibility that these drugs will have unwanted side effects.

In the new study, Dr. Levitz and his team advanced the understanding of how mGluR2 activators work on the brain with their new toolkit for mapping circuit-specific drug effects. In initial experiments, they confirmed that a portion of the amygdala known as the basolateral amygdala (BLA) is the principal location where mGluR2-activating compounds exert their anxiety-reducing effects. With genetic tools and a special tracer-labeled virus that can move "upstream" along nerve fibers, they isolated two specific circuits that terminate in the BLA, express high levels of mGluR2 and induce anxiety signs in mice when active.

They next deployed a photopharmacology technique that was first developed by Dr. Levitz when he was a graduate student in the early 2010s. The technique uses small molecules that are tethered to mGluR2 and can activate the receptor -- in any brain circuit of interest -- when "switched on" by specific colors of light. The team found that in one of the BLA circuits, which runs from a brain region called the ventromedial prefrontal cortex, activating mGluR2 signaling reduced spatial avoidance, a classic anxiety sign in mice. However, this anxiety-reducing effect was accompanied by memory impairment, an unwanted side effect.




"This working memory deficit we observed may be a basis for the cognitive impairment associated with typical anxiety drugs," Dr. Levitz said.

In the other circuit, which runs to the BLA from a sensory and interoception (internal body-sensing)-integrating part of the brain called the insula, activating mGluR2 had different anxiety-reducing effects, normalizing sociability and feeding behavior. In this case, there were no apparent cognitive impairments -- indicating that this insula-BLA circuit could be investigated further as a possible side-effect-free target for treating anxiety and related conditions.

"One of the next steps will be to find a way to target this circuit selectively -- in other words, not via mGluR2, because mGluR2 is everywhere," Dr. Levitz said.

He and his colleagues are now pursuing that goal, he said, and are also using their new circuit-mapping toolkit to investigate other drug classes, including opioids and antidepressants.
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Moon is not as 'geologically dead' as previously thought | ScienceDaily
Scientists have studied the moon's surface for decades to help piece together its complex geological and evolutionary history. Evidence from the lunar maria (dark, flat areas on the moon filled with solidified lava) suggested that the moon experienced significant compression in its distant past. Researchers suspected that large, arching ridges on the moon's near side were formed by contractions that occurred billions of years ago -- concluding that the moon's maria has remained dormant ever since.


						
However, a new study reveals that what lies beneath the lunar surface may be more dynamic than previously believed. Two Smithsonian Institution scientists and a University of Maryland geologist discovered that small ridges located on the moon's far side were notably younger than previously studied ridges on the near side. Their findings were published in The Planetary Science Journal on January 21, 2025.

"Many scientists believe that most of the moon's geological movements happened two and a half, maybe three billion years ago," said Jaclyn Clark, an assistant research scientist in UMD's Department of Geology. "But we're seeing that these tectonic landforms have been recently active in the last billion years and may still be active today. These small mare ridges seem to have formed within the last 200 million years or so, which is relatively recent considering the moon's timescale."

Using advanced mapping and modeling techniques, the team found 266 previously unknown small ridges on the moon's far side. The ridges typically appeared in groups of 10 to 40 in volcanic regions that likely formed 3.2 to 3.6 billion years ago in narrow areas where there may be underlying weaknesses in the moon's surface, according to the researchers. To estimate the age of these small ridges, the researchers used a technique called crater counting. They found that the ridges were notably younger than other features in their surroundings.

"Essentially, the more craters a surface has, the older it is; the surface has more time to accumulate more craters," Clark explained. "After counting the craters around these small ridges and seeing that some of the ridges cut through existing impact craters, we believe these landforms were tectonically active in the last 160 million years."

Interestingly, Clark noted that the far-side ridges were similar in structure to ones found on the moon's near side, which suggests that both were created by the same forces, likely a combination of the moon's gradual shrinking and shifts in the lunar orbit. The Apollo missions detected shallow moonquakes decades ago; the new findings suggest that these small ridges might be related to similar seismic activity. Learning more about the evolution of the lunar surface could have important implications for the logistics of future moon missions.

"We hope that future missions to the moon will include tools like ground penetrating radar so researchers can better understand the structures beneath the lunar surface," Clark said. "Knowing that the moon is still geologically dynamic has very real implications for where we're planning to put our astronauts, equipment and infrastructure on the moon."
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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New structures of a critical amyloid protein illuminated | ScienceDaily
The tiny protein known as transthyretin can cause big problems in the body when it misfolds after secretion. While healthy transthyretin moves hormones through blood and spinal fluid, misfolded versions of the protein form dangerous clumps in the heart and along nerves -- triggering a progressive and fatal disease known as transthyretin amyloidosis (ATTR). Up to a quarter of all men over the age of 80 have some degree of ATTR, which can cause shortness of breath, dizziness and tingling or loss of sensation in the extremities.


						
Now, Scripps Research scientists have uncovered new structures of transthyretin. Their findings, published in Nature Structural & Molecular Biology onJanuary 22, 2025, show how the three-dimension asymmetry of the protein may contribute to its instability. This discovery could also contribute to the development of new drugs for ATTR.

"We've unveiled a molecular complexity that has been hidden from researchers for decades, which enables us to design better medicines to stabilize transthyretin," says co-senior author Gabriel Lander, PhD, professor at Scripps Research.

"The new structures reveal differences in two thyroid hormone binding sites previously thought to be identical, and help explain why a drug binding to one site changes the ability of drugs to bind the opposing site," adds Jeffery Kelly, PhD, the Lita Annenberg Hazen Professor of Chemistry at Scripps Research and a co-senior author of the study.

To determine the three-dimensional structure of small proteins such as transthyretin, researchers often turn to crystallography, in which proteins are forced into a large, repetitive crystal structure before being imaged. However, the structure of a crystallized protein doesn't always reflect the conformation of individual free-floating proteins in the body.

Another method, cryo-electron microscopy (cryo-EM), flash-freezes proteins to catch them in their more natural structures. However, these frozen proteins are then suspended in a liquid and small proteins like transthyretin tend to get stuck at the air-liquid boundary rather than remaining fully submerged. This affects both the proteins' structural stability and the ability to illuminate their detailed structure.

To overcome this challenge, Lander's group developed a thin graphene-coated grid to which transthyretin molecules could naturally adhere. Then, they rapidly plunged this grid into liquid ethane to freeze the sample. This process trapped the transthyretin molecules in place on the graphene surface and preserved their natural conformations to mimic how they would appear when moving through the body's blood or fluids.




"We built on the 2019 work from the Yan lab at Princeton when making our grids. Getting the surface chemistry right is crucial for this type of study. With small proteins like transthyretin, creating a high-quality sample is just the beginning; analyzing the data is also part of the challenge," says Benjamin Basanta, PhD, a former research associate in the Lander Lab and first author of the new paper.

When the team tested the approach with transthyretin, they discovered that transthyretin forms asymmetric structures with two differently shaped binding pockets. Based on the more than 200 crystal structures that had been solved in the past, these binding sites had been assumed to be identical. The researchers showed that this variation was because the transthyretin complex was constantly wiggling between two different states -- like a molecular version of "breathing," according to Lander. This asymmetry in the native structure of transthyretin also presents a hypothesis for how the process of dissociation and misfolding could occur then lead to the clumping of the protein and subsequent disease.

Attaching the ATTR drug tafamidis -- developed by the Kelly lab -- to one or both of the transthyretin binding sites, they then found, stabilized the molecule and minimized this movement.

Now, Lander and his colleagues aim to study how this structure and its stabilization relate to ATTR, and how drugs targeting transthyretin could treat the disease. They also say that their graphene grid method could be used to determine the structures of other small and unstable proteins -- including the amyloid-beta peptide that builds up in the brain in Alzheimer's disease.

"The methodologies we've developed have opened new doors to avenues of treatment that could one day protect patients from not just TTR amyloidosis, but other amyloid diseases as well," says Lander.

This work was supported by the National Institutes of Health (GM142196, AG067594, DK046335) and a Postdoctoral Fellowship from the George E. Hewitt Foundation for Medical Research.
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A new register with thousands of entangled nuclei to scale quantum networks | ScienceDaily
In a groundbreaking achievement for quantum technologies, researchers at the Cavendish Laboratory, University of Cambridge, have created a functional quantum register using the atoms inside a semiconductor quantum dot.


						
Published in Nature Physics, the work demonstrates the introduction of a new type of optically connected qubits -- a critical advance in the development of quantum networks, where stable, scalable, and versatile quantum nodes are essential.

Quantum dots are nanoscale objects with unique optical and electronic properties that come from quantum mechanical effects. These systems are already used in technologies like display screens and medical imaging, and their adoption in quantum communication has been mostly due to their ability to operate as bright single-photon sources. However, effective quantum networks need more than just single-photon emission; they also require stable qubits that can interact with the photons and store quantum information locally. The new research builds on the inherent spins of the atoms forming the quantum dots as a functioning many-body quantum register to store information over extended periods.

A many-body system refers to a collection of interacting particles -- here, the nuclear spins inside the quantum dot -- whose collective behaviour gives rise to new, emergent properties that are not present in individual components. By using these collective states, the researchers created a robust and scalable quantum register.

The Cambridge team, in close collaboration with colleagues at the University of Linz, successfully prepared 13,000 nuclear spins into a collective, entangled state of spins known as a 'dark state.' This dark state reduces interaction with its environment, leading to better coherence and stability, and serves as the logical 'zero' state of the quantum register. They introduced a complementary 'one' state as a single nuclear magnon excitation -- a phenomenon representing a coherent wave-like excitation involving a single nuclear spin flip propagating through the nuclear ensemble. Together, these states enable quantum information to be written, stored, retrieved, and read out with high fidelity. The researchers demonstrated this with a complete operational cycle, achieving a storage fidelity of nearly 69% and a coherence time exceeding 130 microseconds. This is a major step forward for quantum dots as scalable quantum nodes.

"This breakthrough is a testament to the power many-body physics can have in transforming quantum devices," said Mete Atature, co-lead author of the study and Professor of Physics at the Cavendish Laboratory. "By overcoming long-standing limitations, we've shown how quantum dots can serve as multi-qubit nodes, paving the way for quantum networks with applications in communication and distributed computing. In the 2025 International Year of Quantum, this work also highlights the innovative strides being made at the Cavendish Laboratory toward realising the promise of quantum technologies."

The work represents a unique marriage of semiconductor physics, quantum optics, and quantum information theory. The researchers utilised advanced control techniques to polarise nuclear spins in gallium arsenide (GaAs) quantum dots, creating a low-noise environment for robust quantum operations.

"By applying quantum feedback techniques and leveraging the remarkable uniformity of GaAs quantum dots, we've overcome long-standing challenges caused by uncontrolled nuclear magnetic interactions," explained Dorian Gangloff, co-lead author of the project and Associate Professor of Quantum Technology. "This breakthrough not only establishes quantum dots as operational quantum nodes but also unlocks a powerful platform to explore new many-body physics and emergent quantum phenomena."

Looking ahead, the Cambridge team aims to extend the time their quantum register can store information to tens of milliseconds by improving their control techniques. These improvements would make quantum dots suitable as intermediate quantum memories in quantum repeaters -- critical components for connecting distant quantum computers. This ambitious goal is the focus of their new QuantERA grant, MEEDGARD, a collaboration with Linz and other European partners, to advance quantum memory technologies with quantum dots. Their current research was supported by EPSRC, the European Union, the US Office of Naval Research, and the Royal Society.
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New avenues in quantum research: Supramolecular qubit candidates detected | ScienceDaily
The Franco-German research team, including members from the University of Freiburg, shows that supramolecular chemistry enables efficient spin communication through hydrogen bonds.


						
Qubits are the basic building blocks of information processing in quantum technology. An important research question is what material they will actually consist of in technical applications. Molecular spin qubits are considered promising qubit candidates for molecular spintronics, in particular for quantum sensing. The materials studied here can be stimulated by light; this creates a second spin centre and, subsequently, a light-induced quartet state. Until now, research has assumed that the interaction between two spin centres can only be strong enough for successful quartet formation if the centres are covalently linked. Due to the high effort required to synthesise covalently bonded networks of such systems, their use in application-related developments in the field of quantum technology is severely limited.

Researchers at the Institute of Physical Chemistry at the University of Freiburg and the Institut Charles Sadron at the University of Strasbourg have now been able to show for the first time that non-covalent bonds can allow for efficient spin communication. To do this, the scientists used a model system consisting of a perylenediimide chromophore and a nitroxide radical that self-assemble into functional units in solution by means of hydrogen bonds. The key advantage: the formation of an ordered network of spin qubits could now be achieved using supramolecular approaches, which would enable the testing of new molecule combinations and system scalability without major synthetic effort.

"The results illustrate the enormous potential of supramolecular chemistry for the development of novel materials in quantum research," says Sabine Richert, who conducts research at the Institute of Physical Chemistry at the University of Freiburg, where she heads an Emmy Noether junior research group. "It offers innovative ways to research, scale and optimise these systems. The findings are therefore an important step towards developing new components for molecular spintronics."
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Follow the water: Searching for a lunar oasis | ScienceDaily
As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Is it in the craters? The shadowed regions? The poles? Knowing where to look gives astronauts the best chance at successfully living on the moon, something that has, heretofore, remained the stuff of science fiction.


						
Researchers from the University of California San Diego may help bring science fiction to reality by providing a divining rod to guide future space missions, including NASA's Artemis campaign, which seeks to explore and, eventually, inhabit the moon. Their work appears in a special issue of Proceedings of the National Academy of Sciences (PNAS) called "Water on the Moon and Mars," which features Artemis I on its cover.

The researchers included the father-son team of Mark Thiemens, UC San Diego Distinguished Professor of Chemistry and Biochemistry, and Maxwell Thiemens, a research fellow at the Vrije Universiteit Brussel, who is also an alumnus of Scripps Institution of Oceanography.

In 1967, Nobel laureate Harold Urey and James Arnold -- both faculty members in UC San Diego's Department of Chemistry -- were among the first to receive Apollo 11 lunar samples. Urey was one of the first scientists to theorize that there was water on the moon, particularly in the permanently shadowed regions of the moon's poles. Today, scientists believe that water on the moon originated from one of three sources:
    	indigenous to the moon,
    	created by solar winds (where hydrogen from the sun reacts with oxygen at high energy on the moon and likely Mars to create water)
    	deposition (from icy comets that have crashed onto the lunar surface).

On Earth, human civilizations often bubble up near bodies of water and it would be no different in space. On the moon, it's important to know the origin of the water sources because it will give astronauts guidance on where it would be most prudent to set up bases and habitats.

To learn about the origin of water on the moon, Morgan Nunn Martinez (who was a UC San Diego graduate student at the time) extracted very small amounts from lunar rocks collected from the 1969 Apollo 9 mission. It may sound implausible to get water from a rock, but it is possible through "thermal release," a process where lunar samples were heated to 50, 150 and 1,000 degrees Celsius (122, 302, and 1,832 degrees Fahrenheit respectively). As it turns out, these rocks were surprisingly "wet."

The lowest temperatures released lightly bound water molecules -- those molecules that are attached to other molecules (in this case, lunar rock) through a weak attraction. At 1,000 degrees Celsius, tightly bound water molecules, which are more deeply embedded in the rock, were released.




Through this process, gas water molecules are collected, then purified so that only the oxygen remains. The team then measured the composition of three different oxygen isotopes.

Isotopes are atoms of the same element that have varying numbers of neutrons, which changes their mass -- the more neutrons, the heavier the atom. These measurements are particularly useful in determining a substance's origin and age.

Think of it like space forensics. In the way humans have unique fingerprints, astronomical objects, like comets and the sun, have unique signatures. Scientists are able to look at the oxygen isotope measurements and determine the origin of the water.

Their data revealed that most of the lunar water likely originated from the moon itself or from comet impacts. Contrary to popular belief, solar winds did not significantly contribute to the moon's water stores.

"What's nice about this research is that we're using the most advanced scientific measurements and it supports common sense ideas about lunar water -- much of it has been there since the beginning and more was added by these icy comet impacts," stated Maxwell Thiemens. "The more complicated method of solar wind-derived water doesn't appear to have been that productive."

Although not a main thrust of the paper, the researchers also measured samples from Mars. If NASA's Artemis program is able to successfully colonize humans on the moon, it would bode well for the ultimate mission of inhabiting Mars.




"This kind of work hasn't been done before and we think it can provide NASA with some valuable clues about where water is located on the moon," stated Mark Thiemens. "The real goal of Artemis is to get to Mars. Our research shows that likely there is at least as much water on Mars as on the moon, if not more."

Of course, locating the water is only the first step. Being able to extract it from lunar rocks and soil in quantities large enough to sustain life will require further technological advancements and discovery.

Full list of authors: Maxwell Thiemens (Vrije Universiteit Brussel), Morgan Nunn Martinez and Mark Thiemens (UC San Diego).

This research was supported, in part, by a NASA Earth and Space Science Fellowship, a Zonta International Amelia Earhart Fellowship and the Achievement Rewards for College Scientists Fellowship.
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Testing the effect of thousands of compounds on cellular metabolism | ScienceDaily
Researchers at the University of Basel are able to test in parallel the effects of over 1500 active substances on cell metabolism. Their analysis also led to the discovery of previously unknown mechanisms for known medications. This approach might help scientists to better predict side effects and find additional uses for commercially available pharmaceuticals.


						
How do active substances alter metabolic processes in cells? Answering that question would provide valuable clues for the development of new medications. However, investigating such modes of action for a whole compound library would have been very resource-intensive in the past.

Researchers at the Department of Biomedicine at the University of Basel have just presented a method of testing the metabolic effects of thousands of active substances at the same time. They have published the results of this method, known as high-throughput metabolomics, in the scientific journal Nature Biotechnology.

Predicting side effects and interactions

"When we have a better understanding of exactly how active substances intervene in cell metabolism, the development of medication can be accelerated," explains Professor Mattia Zampieri. "Our method provides additional characterization of the substances, from which we can infer possible side effects or interactions with other medications."

The researchers, led by Dr. Laurentz Schuhknecht, lead author of the study, grew cells in thousands of little wells in cell culture plates. They then treated the cells in each well with one of over 1500 substances from a compound library, and used a method called mass spectrometry to measure how thousands of small biomolecules inside the cells (known as metabolites) change upon treatment.

This allowed the research team to gather data on the changes of over 2000 metabolic products in the cells for each active compound. They then compared these changes with those obtained from untreated cells via computer-aided analysis. This resulted in an overview of the effects on cell metabolism of each active substance, which gave them a very accurate picture of its respective mode of action.




New applications for tried and tested medications

"Commercially available drugs can influence cell metabolism much more than we had imagined," says Zampieri, summing up the results of the experiments. Particularly of note were the previously unknown modes of action of common medications. For example, the team discovered that tiratricol, a drug for treating a rare condition involving the thyroid gland function, aside its primary mode of action also influences the production of certain nucleotides, the building blocks for DNA synthesis.

"This medication would therefore potentially be a good candidate for a new field of application: modulating nucleotide biosynthesis and hence being used for instance in cancer therapy to inhibit tumor growth," says Schuhknecht.

Comprehensive data from high-throughput methods such as this, can help train artificial intelligence for designing new medications. "Our long-term vision is to match patient specific metabolic profiles of a disease with the mode of metabolic interference of thousands of compound candidates to unravel the best medication able to revert the molecular changes induced by the disease," says Zampieri.

In order to get closer to this vision, it is not only important to understand the action of the substances on metabolism, the pharmacologist emphasizes. It is equally important how the human body processes the active substances and thus how it changes their effect. The scientists are therefore conducting further research to examine the interaction between the body and active substances more closely.
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Towards a new generation of human-inspired language models | ScienceDaily
Can a computer learn a language the way a child does? A recent study published in the leading journal Computational Linguistics by professors Katrien Beuls (University of Namur) and Paul Van Eecke (AI Lab, Vrije Universiteit Brussel) sheds new light on this question. The researchers advocate for a fundamental revision of how artificial intelligence acquires and processes language.


						
"Children learn their native language by communicating with the people around them in their environment. As they play and experiment with language, they attempt to interpret the intentions of their conversation partners. In this way, they gradually learn to understand and use linguistic constructions. This process, in which language is acquired through interaction and meaningful context, is at the core of human language acquisition," says Katrien Beuls.

"The current generation of large language models (LLMs), such as ChatGPT, learns language in a very different way," adds Paul Van Eecke. "By observing vast amounts of text and identifying which words frequently appear together, they generate texts that are often indistinguishable from human writing. This results in models that are extremely powerful in many forms of text generation -- such as summarizing, translating, or answering questions -- but that also exhibit inherent limitations. They are susceptible to hallucinations and biases, often struggle with human reasoning, and require enormous amounts of data and energy to build and operate."

The researchers propose an alternative model in which artificial agents learn language as humans do -- by engaging in meaningful communicative interactions within their environment. Through a series of experiments, they demonstrate how these agents develop linguistic constructions that are directly linked to their surroundings and sensory perceptions. This leads to language models that:
    	Are less prone to hallucinations and biases, as their language comprehension is grounded in direct interaction with the world.
    	Use data and energy more efficiently, resulting in a smaller ecological footprint.
    	Are more deeply rooted in meaning and intention, enabling them to understand language and context in a more human-like manner.

"Integrating communicative and situated interactions into AI models is a crucial step in developing the next generation of language models. This research offers a promising path toward language technologies that more closely resemble how humans understand and use language," the researchers conclude.
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A super-Earth laboratory for searching life elsewhere in the Universe | ScienceDaily
Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team including the University of Geneva (UNIGE) and the NCCR PlanetS. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable zone. This discovery is the fruit of 20 years of observations using the best telescopes in the world. The results are published today in the journal Astronomy & Astrophysics.


						
''Are we alone in the Universe?'' For thousands of years, this question was confined to philosophy, and it is only very recently that modern science has begun to provide solid hypotheses and evidence to answer it. However, astronomers are making slow progress. Each new discovery, whether theoretical or observational, adds to the edifice by pushing back the limits of knowledge. This was the case with the discovery in 1995 of the first planet orbiting a star other than the Sun, which earned two UNIGE researchers, Michel Mayor and Didier Queloz, the 2019 Physics Nobel Prize.

Nearly thirty years later, astronomers have taken many small steps towards detecting more than 7,000 of these exoplanets. The current scientific consensus points to the existence of a planetary system for every star in our galaxy. Astronomers are now looking for exoplanets that are easier to characterise or have interesting features to test their hypotheses and consolidate their knowledge. This is the case of planet HD 20794 d, which has just been detected by a team that includes members of the UNIGE Astronomy Department.

In the habitable zone of its star

This promising planet is a super-Earth, a telluric planet larger than the Earth. It is part of a planetary system containing two other planets. It orbits a G-type star, like the Sun, at a distance of just 19.7 light-years, which is, on the scale of the Universe, in the very close neighbourhood of the Earth. This ''closeness'' makes it easier to study, as its light signals are more visible and stronger. ''HD 20794, around which HD 20794 d orbits, is not an ordinary star,'' explains Xavier Dumusque, Senior Lecturer and researcher in the Department of Astronomy at the UNIGE and co-author of the study. ''Its luminosity and proximity makes it an ideal candidate for future telescopes whose mission will be to observe the atmospheres of exoplanets directly.''

The interest in planet HD 20794 d lies in its position in the habitable zone of its star, the zone that delimits the place where liquid water can exist, one of the conditions necessary for the development of life as we know it. This zone depends on several factors, mainly the stellar properties. For stars such as the Sun or HD 20794, it can extend from 0.7 to 1.5 astronomical units (AU), encompassing not only the orbit of the Earth but also that of Mars in the case of the Sun. The exoplanet HD 20794 d takes 647 days to orbit its star, around forty days less than Mars.

Instead of following a relatively circular orbit, like the Earth or Mars, HD 20794 d follows an elliptical trajectory with large changes in the distance to its star during its revolution. The planet thus oscillates between the inner edge of its star HZ (0.75 AU) and outside of it (2 AU) along its orbit. This configuration is of particular interest to astronomers because it allows them to adjust theoretical models and test their understanding of the notion of a planet's habitability. If there is water on HD 20794 d, it would pass from the state of ice to the liquid state, conducive to the appearance of life, during the planet's revolution around the star.

Many years of observations

Detecting this super-Earth was not easy and the process was iterative. The team analysed more than twenty years of data from state-of-the-art instruments such as ESPRESSO and HARPS. For the latter, the scientists were able to rely on YARARA, a data reduction algorithm recently developed at the UNIGE. For years, planetary signals had been obscured by noise, making it difficult to discern whether planets actually existed. ''We analysed the data for years, carefully eliminating sources of contamination,'' explains Michael Cretignier, a post-doctoral researcher at Oxford University, co-author of the study and developer of YARARA during his PhD at UNIGE.

The discovery of HD 20794 d provides scientists with an interesting laboratory for modelling and testing new hypotheses in their search for life in the Universe. The proximity of this planetary system to its bright star also makes it a prime target for next-generation instruments such as the ANDES spectrograph for ESO's Extremely Large Telescope (ELT). Knowing whether this planet harbours life will still require a number of scientific milestones and a transdisciplinary approach. The conditions for its habitability are already being studied by the new Centre for Life in the Universe (CVU) at the UNIGE's Faculty of Science.
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Researchers propose novel approaches for improved microgrid management | ScienceDaily
Scientists at Incheon National University have developed a new optimization model to improve microgrid operation. This model adapts to unexpected changes in power supply and demand, ensuring stable and efficient energy systems. By addressing challenges like power outages and varying energy needs, this approach enhances the reliability and sustainability of microgrids, making it suitable for real-world use in areas with unstable power grids.


						
Microgrids are localized energy systems that provide stable power supply, especially in remote or disaster-prone areas. As the world transitions to renewable energy sources like solar and wind power, microgrids are becoming more essential. However, managing these systems is challenging due to the uncertainties in energy supply and demand, such as power outages or fluctuations in energy usage, and stochastic islanding -- situations where parts of the power grid unexpectedly become isolated, disrupting the power supply.

To address these challenges, a team of researchers from Incheon National University, Korea, led by Assistant Professor Jongheon Lee, has developed a new optimization model to improve the operation of microgrids under uncertain conditions. These models not only boost the efficiency and reliability of microgrids but also offer scalable solutions for the real world. Their findings were made available online on August 2, 2024 and was published in Volume 374 of Applied Energy on November 15, 2024.

Traditional methods for optimizing microgrid operations, such as multistage models, are computationally expensive and impractical for real-world use. These models consider different scenarios over time, but the complexity increases exponentially, making their application difficult at a large scale. The researchers have simplified these models while maintaining their effectiveness, by reducing the number of possible scenarios and introducing a process called replanning, where the optimization model adapts over time as new information emerges. This new approach significantly reduced the computational burden, enabling them to be more efficient in real-world settings.

"Our goal was to create a method that makes microgrid operation more adaptable and cost-effective, especially in regions with unreliable grids or frequent disruptions," says Dr. Lee. "By simplifying the models and using replanning, we can achieve effective operation plan without the heavy computational cost."

Microgrids act as essential backup energy source in remote and rural areas where stable grid access is unreliable, ensuring continuous power during outages or natural disasters. With the new models, these microgrids can operate more efficiently, minimizing energy waste and overproduction. Dr. Lee explains, "As renewable energy sources like solar and wind are often unpredictable, balancing these fluctuations is crucial. Our models help manage these uncertainties, ensuring a more stable energy supply."

Additionally, these solutions are beneficial to cities as well, where the energy demand is rising, and grids are under strain. Scalable optimization models can improve the overall energy management. Adapting to changes in supply and demand in real time helps boost grid resilience, supporting the transition to sustainable energy. Moreover, these models are flexible, making them suitable for both small and large systems.

"These optimization methods will be vital for improving energy security, particularly in areas with unreliable power. They also support global sustainability goals by promoting renewable energy," highlights Dr. Lee.

In conclusion, this study represents a step forward in creating smarter and more sustainable energy systems, ensuring stable and efficient power for communities around the world.
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Structural color shields: Water repellent coatings | ScienceDaily
In a step towards developing advanced materials for functional coatings, a research group from Japan, developed a technology that combines structural color coating with super water-repellent properties. The structural color coating does not fade away like the conventional paints and exhibits self-cleaning properties. This was achieved by using hydrophobic melanin particles which provide structural color and water-repellence. The discovery marks a breakthrough in advanced materials for paints and coatings.


						
Ever wondered about the brilliant blue hues of peacock feathers or the shimmering metallic chitin on beetles? These natural wonders are examples of structural colors -- a phenomenon in which microscopic structures create vibrant, lasting hues. Inspired by these marvels, a research team from Japan has been exploring structural colors. Their earlier work realized that the preparation of structural color materials from melanin particles mimics the coloration mechanism of peacock feathers. Building on this foundation, the team set out to develop a coating material that captures the brilliance of structural colors using melanin particles, producing non-iridescent color even when viewed from different angles.

The research team, including Professor Michinari Kohri and Ms. Yui Maejima from the Graduate School of Science and Engineering, Chiba University, Japan collaborated with Dr. Shin-ichi Takeda of Takeda Colloid Techno-Consulting Co., Ltd., and Dr. Hiroshi Fudouzi from the National Institute for Materials Science. Their findings were published in Macromolecular Reaction Engineering on December 18, 2024. Dr. Kohri describes his motivation for the study, "We have been studying melanin-based structural color materials inspired by natural organisms for many years. Our motivation was to make these materials more practical by developing methods to create structural color quickly and add functional properties like water repellency."

To achieve this, the team prepared polystyrene particles of three different diameters. They then added a coat of polydopamine (modified melanin particles) followed by the addition of alkyl groups with 18 carbon atoms (octadecyl groups) with a hydrophobic nature through a Michael addition reaction. In this reaction, a negatively charged chemical group adds to an a, b-unsaturated carbonyl compound for introducing hydrophobic groups that enhance water repellency. This was achieved without relying on fluorine compounds which are hydrophobic but can cause major environmental concerns.

The hydrophobicity of the particles was confirmed using the time-domain nuclear magnetic resonance (TD-NMR) method. Once the particles were treated, they were dispersed in hexane, allowing for quick and efficient application onto substrates like glass and melamine laminate. Upon drying, the coatings displayed a contact angle of over 160 degrees, monochromatic hues, and a self-cleaning surface, demonstrating the lotus effect, where water droplets bead and roll off the material without leaving residues.

It was found that the hydrophobic melanin particles obtained by coating with octadecyl groups exhibited almost the same level of hydrophobicity as particles coated with fluorine compounds, which are known to exhibit high hydrophobicity. Highlighting the study's unique findings, Ms. Maejima, the first author, states, "We discovered that super-hydrophobic structural color coatings can be achieved by combining the hydrophobicity of particle surfaces with the hierarchical assembly structure of the particles -- all within just a few minutes."

The team focused on creating a straightforward and scalable approach, ensuring that the coatings could be applied in a matter of minutes without the need for elaborate equipment or processes. Ms. Maejima remarks on the practicality of their findings: "This technology has the potential to become a next-generation coating material, ideal for applications like wallpaper or outdoor surfaces, without relying on pigments that fade over time. Its simplicity and efficiency make it highly adaptable for industrial use."

Structural color coatings hold significant promise for various applications. Unlike traditional pigments, these colors are derived from physical light interactions, ensuring longevity and resistance to fading. Their ability to combine durability with self-cleaning properties makes them particularly suited for outdoor use. Walls coated with this material, for instance, could remain vibrant and clean for years, significantly reducing repainting and maintenance costs.

The structural color coatings exhibit color as long as the structure of the periodic arrangement is maintained. The proposed approach is effective and does not require harsh chemical conditions. Structural color coatings also find their potential applications in the fields of food, pharmaceuticals, cosmetics, and industrial products. These materials provide long-lasting, sustainable material designs.

Looking ahead, the research group is focused on enhancing the adhesion and durability of the coatings to expand their usability across diverse surfaces. As the technology matures, it holds the potential to redefine coating materials, seamlessly combining aesthetics, functionality, and environmental responsibility. This innovation underscores the power of research to create solutions that are not only cutting-edge but also aligned with the needs of a sustainable future.
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Plant-based substitute for fossil fuels developed for plastic foams | ScienceDaily
An environmentally-friendly preparation of plant material from pine could serve as a substitute for petroleum-based chemicals in polyurethane foams.


						
The innovation could lead to more environmentally friendly versions of foams used ubiquitously in products such as kitchen sponges, foam cushions, coatings, adhesives, packaging and insulation. The global market for polyurethane totaled more than $75 billion in 2022.

A Washington State University-led research team used an environmentally-friendly preparation of lignin as a substitute for 20% of the fossil fuel-based chemicals in the foam. The bio-based foam was as strong and flexible as typical polyurethane foam. They report on their work in the journal, ACS Sustainable Chemistry and Engineering.

"It's quite novel in terms of the material we generate and the process we have," said Xiao Zhang, corresponding author on the paper and professor in the Gene and Linda Voiland School of Chemical Engineering and Bioengineering. "Our extracted lignin offers a new class of renewable building blocks for the development of bio-based value-added products."

Petroleum-based plastic materials are an increasing waste problem. They take centuries to break down, but they are expensive and difficult to recycle, most often producing an inferior second-generation product. Because it costs more to recycle than to generate new plastic, the plastics recycling rate has consistently stayed below 20%, said Zhang.

"It's basically a no-win situation if you're using petroleum-based plastics," he said. "The ultimate solution is to replace them with naturally derived materials."

Lignin is the second most abundant renewable carbon source, making up about 30% of the non-fossil fuel-based carbon on Earth. It is also notoriously difficult to extract from plants. The material is usually separated during papermaking and biorefining, but these processes often contaminate and significantly alter its chemical and physical properties, decreasing its value. So most lignin is either burned to produce fuel and electricity or used in low-value products, such as for cement additives or as a binder in animal feed.




In their work, the researchers used a mild, environmentally friendly solvent to separate a high-quality lignin from pine. Compared to other lignin formulations, their formulation was homogenous with good thermal stability -- similar to native lignin. The structural homogeneity is important in being able to produce high-value products.

When they tested their formulation, their product was stable and performed as well mechanically as the conventional foams.

"This work demonstrates that our prepared lignin formulation has a great potential for generating flexible, bio-based polyurethane foams," said Zhang.

The interest in developing lignin-based polyurethane (PU) flexible foam work was also validated by industrial partners. Zhang's team will now work with the industrial partners to optimize and scale up lignin PU foam production.

The work was funded by the National Science Foundation's Industry-University Cooperative Research Center for Bioplastics and Biocomposites (CB2), the USDA National Institute of Food and Agriculture programs, and WSU's Office of Commercialization.
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Innovative one-minute video game boasts 80% success rate in diagnosing autism | ScienceDaily
A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.


						
Developed by researchers at Kennedy Krieger Institute and Nottingham Trent University, the tool, called the Computerized Assessment of Motor Imitation (CAMI), uses motion-tracking technology to detect differences in motor imitation skills.

In the study, 183 children, ages 7-13, were asked to copy the dance-like movements of a video avatar for one minute, while their imitation performance was measured using CAMI. The video game tool was able to correctly distinguish children with autism vs. neurotypical children with a 80% success rate. CAMI also differentiated autism from ADHD with 70% accuracy. Researchers say that this is a particular challenge because ADHD and autism often co-occur, and it can be hard to identify the diagnoses, even by expert clinicians.

Dr. Stewart Mostofsky, a pediatric neurologist and director of the Center for Neurodevelopmental and Imaging Research at Kennedy Krieger Institute and co-author of the study, says this tool is a step forward in how we diagnose autism.

"Diagnosing autism can be challenging, especially when children have overlapping traits with other conditions like ADHD. If the condition is misdiagnosed, it can impact support and resources for the child." said Dr. Mostofsky.

It is often time-consuming to diagnose autism, requiring highly trained clinicians and costing families an estimated $1,500 to $3,000 annually, according to the U.S. National Library of Medicine.

Dr. Bahar Tuncgenc, senior author and social development expert at Nottingham Trent University, said: "Autism is traditionally seen as a social-communication disorder, but we now know sensory-motor difficulties, like motor imitation, play a key role in shaping social and communication skills. CAMI identifies autism by tapping into these challenges, which are distinct from ADHD." She added, "What makes CAMI exciting is its simplicity. Video games are fun for kids, fast for clinicians, and provide clear results."

With further development, CAMI could be adapted for younger children and those with more severe developmental challenges, broadening its impact. Researchers hope CAMI's success inspires new ways to simplify and improve diagnostic tools for other conditions.

"This tool could transform autism diagnoses worldwide," said. Dr. Mostofsky. "By identifying autism as precisely as possible, we can connect children to interventions that improve their quality of life and long-term outcomes. We want to see CAMI used widely in clinics to support diagnosis as an alternative that is quick, low-cost, and requires minimal set-up."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128123843.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How simple prompts can make partially automated cars safer | ScienceDaily
A new study finds that prompts do a good job of getting drivers to engage with their environment and take over control of the vehicle when necessary while using partially automated driving systems -- with one exception. If drivers are deeply distracted, these system-generated prompts have little or no effect.


						
Partially automated driving systems -- such as adaptive cruise control and technologies that keep a car in its lane or automate lane changes -- are increasingly common in new vehicle models. However, these technologies do not allow a car to drive itself.

"Drivers still need to be aware of their surroundings and be able to take control of the vehicle at any time, in order to deal with system failures or other unexpected situations," says Jing Feng, corresponding author of a paper on the work and a professor of psychology at North Carolina State University. "Ensuring that drivers are engaged and able to assume control of the vehicle is a significant challenge."

"Our work here focused on assessing whether conversational prompts from the partially automated system are effective at keeping drivers engaged and, by extension, better able to take control of the vehicle in a timely way," says Xiaoliu Bai, first author of the paper and a Ph.D. student at NC State.

In this context, a conversational prompt consists of an audio cue -- such as a beep -- and a text message asking the driver to answer a question about the driving environment. For example, "Is the speed limit still 55 miles per hour?" or "Is the vehicle behind you following at a safe distance?"

To assess the effectiveness of conversational prompts at maintaining driver engagement, the researchers conducted two experiments.

In the first experiment, the researchers recruited 24 study participants. Using a vehicle simulator, all 24 participants went on six "drives." During some of the drives, participants received no prompts. During some of the drives, participants received driving-oriented conversational prompts. And during the remaining drives, participants received conversational prompts unrelated to driving, with questions such as "Did you eat breakfast this morning?" In all six drives, the study participant was required to take over the vehicle at some point.




In the second experiment, the researchers recruited 24 different study participants. The participants went on the same six "drives" under the same conditions. However, in the second experiment, the study participants were also offered a cash reward for solving anagrams on their phone while driving.

"We asked the participants in Experiment 2 to solve anagrams because that is a non-driving-related task that is cognitively demanding," Bai says. "And it made a significant difference."

The researchers found that study participants in Experiment 1 did the best job of taking over the vehicle promptly when they were receiving and interacting with driving-related conversational prompts. However, even the conversational prompts unrelated to driving improved performance when compared to study participants receiving no prompts at all.

But in Experiment 2, when participants were engaged in a cognitively demanding task, driver performance suffered across the board -- and the prompts made virtually no difference.

"Processing driving-related information is clearly valuable at helping maintain driver engagement," says Feng. "However, our findings also underscore the importance of having drivers maintain the proper cognitive workload when driving with partially automated systems.

"If the cognitive workload is too high, as in Experiment 2, drivers are too distracted to engage effectively with driving tasks and responsibilities," says Feng. "But if the workload is too low, drivers get bored. That is likely why, in Experiment 1, even prompts that had nothing to do with driving improved driver performance; those prompts helped maintain the proper workload."

"A clear takeaway message here is that incorporating driving-related prompts into partially automated driving systems can improve driver performance at taking the wheel when necessary, which has real-world ramifications for traffic safety," Bai says.

"Another takeaway message is that even these prompts are insufficient to improve driver performance when drivers are cognitively engaged in demanding non-driving-related tasks," Bai says. "Additional research is needed to see what, if anything, can be done to mitigate these situations."
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Novel lab-on-chip platform promises to expedite cancer diagnoses | ScienceDaily
Cancer accounted for nearly 10 million deaths in 2020 -- almost one in every six deaths globally -- according to the World Health Organization. Because the detection of abnormal diseased cellular growth often occurs too late, timely cancer diagnosis remains one of humanity's most pressing and elusive medical objectives. Recent research has focused on the detection in peripheral blood of rare circulating tumor cells (CTCs), which serve as noninvasive markers that can help inform diagnoses.


						
It is inherently difficult to separate controllable target cells to examine. Traditional methods typically require elaborate sample preparation, substantial equipment, and large sample volumes -- and even then, it is not easy to efficiently separate the cells in question.

In Physics of Fluids, by AIP Publishing, a pair of researchers at the K. N. Toosi University of Technology in Tehran, Iran, proposed a novel system that uses standing surface acoustic waves to separate CTCs from red blood cells with unprecedented precision and efficiency. The platform that Afshin Kouhkord and Naser Naserifar developed integrates advanced computational modeling, experimental analysis, and artificial intelligence algorithms to analyze complex acoustofluidic phenomena.

"We combined machine learning algorithms with data-driven modeling and computational data to fine-tune a system for optimal recovery rates and cell separation rates," said Naserifar. "Our system achieves 100% recovery at optimal conditions, with significant reductions in energy consumption through precise control of acoustic pressures and flow rates."

As various ways of enriching particles through microfluidics have emerged, those that employ acoustofluidics are especially promising because they are biocompatible, generate high-force magnitudes at MPa pressure ranges, and produce cell-scale wavelengths.

With their particular method, the researchers included an innovative use of dualized pressure acoustic fields, which doubles the impact on target cells, and strategically located them at critical channel geometry positions on a lithium niobate substrate. By means of acoustic pressure applied within the microchannel, the system design provides for the generation of reliable datasets that illustrate cell interaction times and trajectory patterns, which will help predict tumor cell migration.

"We have produced an advanced, lab-on-chip platform that enables real-time, energy-efficient, and highly accurate cell separation," said Kouhkord. "The technology promises to improve CTC separation efficiency and open new possibilities for earlier and more effective cancer diagnosis. It also paves the way for microengineering and applied AI in personalized medicine and cancer diagnostics."
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Explaining persistent hydrogen in Mars' atmosphere | ScienceDaily
The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, Harvard researchers think they have a good explanation for a warmer, wetter ancient Mars.


						
Building on prior theories describing the Mars of yore as a hot again, cold again place, a team led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

"It's been such a puzzle that there was liquid water on Mars, because Mars is further from the sun, and also, the sun was fainter early on," said Danica Adams, NASA Sagan Postdoctoral Fellow and lead author of the new paper in Nature Geoscience.

Hydrogen was previously theorized as the magic ingredient, mixed with carbon dioxide in the Martian atmosphere to trigger episodes of greenhouse warming. But the lifetime of atmospheric hydrogen is short, so a more detailed analysis was required.

Now, Adams; Robin Wordsworth, the Gordon McKay Professor of Environmental Science and Engineering at SEAS; and team have performed photochemical modeling -- similar to methods used today to track air pollutants -- to fill in details of the early Martian atmosphere's relationship to hydrogen, and how that relationship changed over time.

"Early Mars is a lost world, but it can be reconstructed in great detail if we ask the right questions," Wordsworth said. "This study synthesizes atmospheric chemistry and climate for the first time, to make some striking new predictions -- which are testable once we bring Mars rocks back to Earth."

Adams modified a model called KINETICS to simulate how a combination of hydrogen and other gases reacting with both the ground and the air controlled the early Martian climate.




She found that during Mars' Noachian and Hesperian periods, between 4 and 3 billion years ago, Mars experienced episodic warm spells over about 40 million years, with each event lasting 100,000 or more years. These estimates are consistent with geologic features on Mars today. The warm, wet periods were driven by crustal hydration, or water being lost to the ground, which supplied enough hydrogen to build up in the atmosphere over millions of years.

During the fluctuations between warm and cold climates, the chemistry of Mars' atmosphere was also fluctuating. CO2 is constantly hit by sunlight and converted to CO. In warm periods, the CO could recycle back into CO2, making CO2 and hydrogen dominant. But if it was cold for long enough, the recycling would slow down, build up CO, and bring about a more reduced state, a.k.a. less oxygen. The redox states of the atmosphere thus changed dramatically over time.

"We've identified time scales for all of these alternations," Adams said. "And we've described all the pieces in the same photochemical model."

The modeling work lends potential new insight into conditions that supported prebiotic chemistry -- the underpinnings of later life as we know it -- during warm periods, and challenges for the persistence of that life during intervals of cold and oxidation. Adams and others are starting to work on finding evidence of those alternations using isotope chemical modeling, and they plan to compare those results to rocks from the upcoming Mars Sample Return mission.

Because Mars lacks plate tectonics, unlike Earth, the surface seen today is similar to that of long ago, making its history of lakes and rivers that much more intriguing. "It makes a really great case study for how planets can evolve over time," Adams said.

Adams started the work as a Ph.D. student at California Institute of Technology, which hosts the photochemical model she used. The study was supported by NASA and Jet Propulsion Laboratory.
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Transforming longevity research: AI paves the way for personalized treatments in aging science | ScienceDaily
A collaborative study between researchers from the Yong Loo Lin School of Medicine, National University of Singapore (NUS Medicine), and the Institute for Biostatistics and Informatics in Medicine and Ageing Research, Rostock University Medical Center, Germany, investigated how advanced AI tools, like Large Language Models (LLMs), can make it easier to evaluate interventions for ageing and provide personalised recommendations. The findings were published in the leading review journal Ageing Research Reviews.


						
Research into ageing is producing an overwhelming amount of data, making it difficult to determine which interventions -- such as new medicines, dietary changes, or exercise routines -- are safe and effective. This study investigated how AI can analyse data more efficiently and accurately, by proposing a comprehensive set of standards for AI systems to ensure they deliver accurate, reliable, and understandable evaluations through their ability to analyse complex biological data.

The researchers identified eight critical requirements for effective AI-based evaluations:
    	Correctness of the evaluation results. Data quality will be assessed for accuracy.
    	Usefulness and comprehensiveness.
    	Interpretability and explainability of the evaluation results. Clarity and conciseness of the results and the given explanations.
    	Specific consideration of causal mechanisms affected by the intervention.
    	Consideration of data in a holistic context:            	Efficacy and toxicity, and evidence for the existence of a large therapeutic window;
        	Analyses in an "interdisciplinary" setting.
    
    
    	Enabling reproducibility, standardisation, and harmonisation of the analyses (and of the reporting).
    	Specific emphasis on diverse longitudinal large-scale data.
    	Specific emphasis on results that relate to known mechanisms of ageing.

Telling LLMs about these requirements as part of the prompting improved the quality of the recommendations they produced.

Professor Brian Kennedy from the Department of Biochemistry & Physiology, and Healthy Longevity Translational Research Programme at NUS Medicine, who co-led the study, said, "We tested AI methods using real-world examples such as medicines and dietary supplements. We found that by following specific guidelines, AI can provide more accurate and detailed insights. For instance, when analysing rapamycin, a drug often studied for its potential to promote healthy ageing, the AI not only evaluated its efficacy but also provided context-specific explanations and caveats, such as possible side effects."

"The study's findings could have far-reaching effects," added Professor Georg Fuellen, Director, Institute for Biostatistics and Informatics in Medicine and Ageing Research, Rostock University Medical Center, who co-led the study, "For healthcare, telling the AI about the critical requirements of a good response can enable it to find more effective treatments and make them safer to use. Generally, AI tools could design better clinical trials and help tailor health recommendations to each person. This research is a major step toward using AI to improve health outcomes for everyone, especially as they age."

Moving forward, the team is now focusing on a large-scale study of how to best prompt AI models for longevity-related intervention advice, to evaluate their accuracy and reliability for a wide array of carefully designed benchmarks, that is, curated, high-quality data. The validation of such AI systems is specifically important because the longevity interventions may then be implemented by a large number of healthy people. Prospective studies will need to demonstrate that AI-based evaluations can accurately predict successful outcomes in human trials, paving the way for safer and more effective health interventions.

The team hopes to use their findings to make health and longevity interventions more precise and accessible, and ultimately improve the quality and duration of life. Collaboration between researchers, clinicians, and policymakers will be essential to establish robust regulatory frameworks, ensuring the safe and effective use of AI-driven evaluations.
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Innovation 'sifts' space for mysteries | ScienceDaily
The first trial of an Australian-developed technology has detected mysterious objects by sifting through signals from space like sand on a beach.


						
Astronomers and engineers at CSIRO, Australia's national science agency, developed the specialised system, CRACO, for their ASKAP radio telescope to rapidly detect mysterious fast radio bursts and other space phenomena.

The new technology has now been put to the test by researchers led by the Curtin University node of the International Centre for Radio Astronomy (ICRAR) in Western Australia.

Results published today in Publications of the Astronomical Society of Australia present the discovery of two fast radio bursts and two sporadically-emitting neutron stars, and improved location data of four pulsars, enabled by the new technology. They have since gone on to find more than twenty fast radio bursts.

Dr Andy Wang from ICRAR, who led the research group and tested CRACO, said the team had found more astronomical objects than expected.

"We were focused on finding fast radio bursts, a mysterious phenomenon that has opened up a new field of research in astronomy.

"CRACO is enabling us to find these bursts better than ever before. We have been searching for bursts 100 times per second and in the future we expect this will increase to 1,000 times per second," Dr Wang said.




CSIRO astronomer and engineer Dr Keith Bannister who, along with his team, developed the instrument, says the scale of observation enabled by the new technology is enormous.

"CRACO taps into ASKAP's 'live' view of the sky in search of fast radio bursts.

"To do this, it scans through huge volumes of data -- processing 100 billion pixels per second -- to detect and identify the location of bursts.

"That's the equivalent of sifting through a whole beach of sand to look for a single five-cent coin every minute," Dr Bannister said.

CRACO is made up of a cluster of computers and accelerators connected to the ASKAP radio telescope at Inyarrimanha Ilgari Bundara, the CSIRO Murchison Radio-astronomy Observatory on Wajarri Yamaji Country. Development of this technology reinforces Australia's international reputation as a leader in radio astronomy engineering and research.

"Once at full capacity, CRACO will be a game changer for international astronomy," Dr Wang said.




CRACO has been engineered to sift through the trillions of pixels received by the telescope to find anomalies, alerting researchers the moment it spots something out of the ordinary, allowing them to quickly follow up to obtain more data and complete their own analysis.

Dr Wang and his team increasingly expanded CRACO's research targets to find more exotic sources.

"We're also detecting long-period transients, which remain mysterious objects within our galaxy. Both fast radio bursts and these transients were first discovered in Australia, so it is great that we're continuing the path of discovery with this impressive technology," Dr Wang said.

CRACO will soon be made available to astronomers all over the world as part of CSIRO's Australia Telescope National Facility, a suite of national research infrastructure which includes Murriyang, CSIRO's Parkes radio telescope.

The CRACO system was developed through collaboration between CSIRO and Australian and international researchers and was partially funded through an Australian Research Council grant.
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'Embodied energy' powers modular worm, jellyfish robots | ScienceDaily
In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent Cornell University research in battery development and design.


						
A modular worm robot and jellyfish demonstrate the benefits of "embodied energy" -- an approach that incorporates power sources into the body of a machine, to reduce its weight and cost.

The worm and jellyfish are direct descendants of an aqueous soft robot, inspired by a lionfish and unveiled in 2019, that could store energy and power its applications via a circulating hydraulic fluid -- i.e., "robot blood." Similar blood sustains the new species, but with an improved design for greater battery capacity and power density.

"The jellyfish has much more capacity for its weight, so the duration it can travel is even longer than the fish," said Rob Shepherd, professor of mechanical and aerospace engineering, who led both projects. "The worm is the first version we've done above ground. When it's underwater, you get buoyantly supported, so you don't need a skeleton. It doesn't need to be rigid."

The key innovation of the worm robot was its compartmentalized design. The worm's body is a series of interconnected pods, each containing a motor and tendon actuator so the worm can compress and expand its shape, as well as a stack of anolyte pouches immersed in catholyte.

"There are a lot of robots that are powered hydraulically, and we're the first to use hydraulic fluid as the battery, which reduces the overall weight of the robot, because the battery serves two purposes, providing the energy for the system and providing the force to get it to move," Shepherd said. "So then you can have things like a worm, where it's almost all energy, so it can travel for long distances."

The researchers tested two modes of movement. The worm can inch along the ground, with each pod contracting and then pushing itself forward; the worm can also push its way up and down a vertical pipe like a caterpillar, a technique known as two-anchor crawling.

The robot is not exactly speedy -- it would take 35 hours to travel 105 meters in a single charging -- but it is faster than other hydraulically powered worm bots. As for potential applications, the worm is particularly well suited for exploring long and narrow passageways, such as pipes, and possibly conducting repairs.

Likewise, the jellyfish robot would be an ideal low-cost tool for ocean exploration because it can be carried along with the current, then swim up to the surface to send and receive communications, before sinking back down.

The research was supported by the Office of Naval Research and the Department of Energy Basic Energy Sciences Program.
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Floating solar increases greenhouse gas emissions on small ponds | ScienceDaily
While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.


						
In the first manipulative field study examining the environmental impacts of floating solar, published in Environmental Science and Technology, researchers found that floating solar panels increased greenhouse gas emissions on small ponds by nearly 27%.

"There have been a flurry of papers about floating solar, but it's mostly modeling and projections," said Steven Grodsky, assistant professor of natural resources and the environment. "This is the first manipulative study to produce empirical results. It's saying, here's what's actually happening. And what we found was that there was increased greenhouse gas emissions from ponds with floating solar."

Grodsky and collaborators covered three ponds at the Cornell Experimental Pond Facility with solar panels, at 70% coverage, and found that, almost immediately, methane and carbon dioxide emissions increased -- by 26.8% compared to ponds without solar panels -- and dissolved oxygen throughout the ponds substantially decreased.

"If you put floating solar on there," Grodsky said, "you're drastically reducing oxygen availability for organisms, you're messing with ecological processes, how decomposition takes place, the microbes, the way wind moves across the surface of the water. It's all connected."

The data is particularly important because much of the floating solar development in the U.S. is currently happening on small lakes and ponds, Grodsky said. It's also timely for New York state, where floating solar could be considered as an alternative to terrestrial solar and is the source of debate and exploration.

The study offers some bright sides for floating solar: When comparing floating solar to terrestrial solar in total emissions cost, from site development to maintenance and disposal, the floating solar's greenhouse gas emissions (per kilowatt hour of energy generated) are likely still lower than terrestrial solar and fossil fuel-based energy production. Seventy percent coverage also represents an outer limit, and the researchers made suggestions that might offset the panels' impacts, like reducing coverage or installing a bubbler to agitate the water, although more research is needed.

"If you look at the history of energy transitions -- from wood to fossil fuels, for example -- everything was based on energy production, and the environment wasn't taken into consideration, and now we have environmental injustice, we have climate change," Grodsky said. "The idea here is to nip that in the bud and re-envision the way we approach this energy transition."
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Scientific approach can optimize bike lane planning | ScienceDaily
When it comes to opinions about bike lanes, few of us are stuck in neutral. Love them or hate them though, new research says a dose of scientific rationality can help locate them in the best places. Congestion is minimized while more people ditch the car in favour of emissions-free, two-wheeled commuting.


						
Working with two other academics, smart city researcher Sheng Liu pulled data and talked to city planners in Vancouver and Chicago to develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

"Our model provides a systematic decision-making tool for municipalities to design new bike lanes using existing data," said Prof. Liu, an assistant professor of operations management and statistics at the University of Toronto's Rotman School of Management. "It helps policymakers better quantify and evaluate the potential benefits and risks of bike lane construction. In particular, it can predict whether and where traffic will get better or worse and if emissions will go down."

Bike lanes have taken off across North America, leading to reduced traffic fatalities, lower-cost access to private transportation and improved physical activity for cyclists. But, as many commuters have already concluded, "ignoring traffic dynamics when designing bike lanes can needlessly worsen congestion," the researchers write. And there might not even be much of an uptick in cycling ridership.

Part of the problem is that city planners tend to rely on simplified planning approaches that can't account for all the factors that influence the impacts of locating a bicycle lane on a particular roadway, or multiple ones in a roadway system.

The researchers' model uses a city's traffic and commuter mobility data to predict how cycling and traffic congestion will behave and change according to where bicycle lanes are located. The model estimates how driving travel time changes according to vehicle volume and road features, the attractiveness of cycling or driving on a roadway according to predicted travel times and the presence of bike lanes and, based on all of that, plus a host of other variables, which roads in a network will have the most cycling use and least congestion if bike lanes are located there.

Applied to the city of Chicago, one of the most traffic-congested U.S. cities and where expansion of its cycling network is a major policy priority, the model estimated that adding 40 km of additional bicycle lanes in specific locations would increase cycling ridership from 3.6 per cent to 6.1 per cent in the city's downtown, while increasing driving time by no more than 9.4 per cent.

"As bike lanes expand, some roads may observe more congestion, and some roads may actually see improved traffic," said Prof. Liu. "On the network level, we find that the overall travel time for all commuters is shorter under the proposed bike lane expansion plan. This implies lower emissions as well."

Acknowledging that bike lanes can inspire heated debates, Prof. Liu advised that "we should let data speak and follow a scientific approach" to evaluate their effectiveness. "Simply taking out bike lanes from the streets would not solve our congestion problem and could likely make it worse."
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Dwarf planet Ceres: Building blocks of life delivered from space | ScienceDaily
The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them. In the journal AGU Advances, a group of researchers led by the Max Planck Institute for Solar System Research (MPS) in Germany presents the most comprehensive analysis to date of this mysterious material and its geological context. To this end, the team for the first time used artificial intelligence to analyse observational data from NASA's Dawn spacecraft. According to the study, the dwarf planet's unique cryovolcanism, in which salty brine rises from the body's interior to the surface, is not responsible for the organic deposits discovered so far. These new findings help to understand where and how habitable conditions could have arisen in the Solar System.


						
Organic molecules are among the necessary inventory of life-friendly worlds. On Earth, the compounds of carbon, hydrogen and -- in smaller quantities -- other elements form the basic building blocks of all life. In recent years, researchers have found such molecules at great distances from the Sun: on trans-Neptunian objects, comets, and far-away asteroids. These bodies are thought to be largely unaltered remnants from the early days of the Solar System. The building blocks of life may therefore have been part of their "basic configuration" from the very beginning and possibly reached the inner Solar System only later.

For the current study, the researchers looked for previously unknown deposits of organic material on dwarf planet Ceres. With its location in the middle of the asteroid belt between the orbits of Mars and Jupiter, the body is neither clearly native to the inner nor the outer Solar System. According to earlier studies, this location could even be its birthplace. Scientists are therefore interested in the origin of Ceres's organic components. Did they originate locally in the asteroid belt? Or did they arrive later?

Searching for Organics from afar

Evidence of deposits of organic material was already found during the early stages of the Dawn mission. The Dawn spacecraft reached Ceres in March 2015 and accompanied it for about three and a half years. During this time, the scientific camera system and the spectrometer on board scanned the entire surface of the dwarf planet. Potential patches of organic material can be detected from the camera data: the brightness of the light reflected from these areas increases noticeably with increasing wavelength. The spectrometer splits the light into many more wavelengths than the camera and can therefore prove or disprove the presence of organics. Unfortunately, remote data is not sufficient to identify individual types of molecules beyond doubt. However, it is certain that the discovered deposits consist of organic compounds that have a chain-like structure. Researchers refer to such molecules as aliphatic hydrocarbons.

The authors of the current study have now used artificial intelligence to comb the entire surface of the dwarf planet for traces of aliphatic organic molecules. "Sites of such organic molecules are actually rare on Ceres, and devoid of any cryovolcanic signatures" says first author Ranjan Sarkar from the MPS, summarizing the results. The vast majority of deposits can be found along the edge or near the large Ernutet crater in the northern hemisphere of the dwarf planet. Only three are located at a greater distance from it. Two patches were not previously known. A closer look at the geological structures at the locations of the organic material allows further conclusions. "At none of the deposits do we find evidence of current or past volcanic or tectonic activity: no trenches, canyons, volcanic domes or vents. Furthermore, there are no deep impact craters nearby," says Martin Hoffmann from MPS.

Impacts from distant neighbors

During the Dawn mission, Ceres had turned out to be an extraordinary, cryovolcanic world. Under its surface, a watery brine is hidden, which in some places has been seeping to the surface until recently. "Of course, the first assumption is that Ceres' unique cryovolcanism has transported the organic material from the interior of the body to the surface," says Andreas Nathues from MPS, head of the camera team. "But our results show otherwise," he adds. At the sites of cryovolcanic activity, there is no proof of organic matter. And where organic compounds have been reliably detected, there is no evidence of deep or surface activity.




The researchers therefore argue that the impact of one or more asteroids from the outer asteroid belt introduced the organic material. Computer simulations show that these bodies are among the ones that most frequently collided with Ceres. Since the not-too-distant neighbors do not pick up much speed, only little heat is generated upon impact. Organic compounds can survive these temperatures.

"Unfortunately, Dawn can't detect all types of organic compounds," Andreas Nathues points out. It is quite likely that building blocks of life were also formed in Ceres' underground ocean and perhaps even reached the surface -- or are still doing so. "However, the organic deposits that have been reliably detected with Dawn so far likely do not originate Ceres itself," he explains. Nathues continues by saying that a future lander mission would be needed to detect organic material from the interior of Ceres.

About the mission

NASA's Dawn mission studied two bodies in the asteroid belt up close: the protoplanet Vesta from 2011 to 2012, and the dwarf planet Ceres from 2015 to 2018. The mission's scientific camera system, the Dawn Framing Cameras, were developed, built, and operated during the mission under the leadership of MPS. The VIR spectrometer was provided by the Italian Space Agency ASI.
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Progress toward a new generation of rechargeable batteries | ScienceDaily
Lithium-air batteries have the potential to outstrip conventional lithium-ion batteries by storing significantly more energy at the same weight. However, their high-performance values have thus far remained theoretical, and their lifespan remains too short. A Chinese team has now proposed addition of a soluble catalyst to the electrolyte. It acts as a redox mediator that facilitates charge transport and counteracts passivation of the electrodes.


						
In contrast to lithium-ion batteries, in which lithium ions are "pushed" back and forth between two electrodes, lithium-air batteries (Li-O2) use an anode made of metallic lithium. As the battery is used, positively charged lithium ions dissolve and move over to the porous cathode, which has air flowing through it. Oxygen is oxidized and bound into lithium peroxide (Li2O2). Upon charging, the oxygen is released, and the lithium ions are reduced back to metallic lithium, which deposits back onto the anode. Unfortunately, the theoretically high performance of such batteries has not become a reality.

In practice, an effect known as overpotential slows the electrochemical reactions: the formation and decomposition of insoluble Li2O2 are slow and its conductivity is also very low. In addition, the pores of the cathode tend to become clogged, and the high potential required for the formation of oxygen decomposes the electrolyte and promotes undesirable side reactions. This causes the batteries to lose the majority of their performance after only a few charge/discharge cycles.

A team led by Zhong-Shuai Wu from the Dalian Institute of Chemical Physics of CAS, collaborating with Xiangkun Ma from the Dalian Maritime University, has now proposed the addition of a novel imidazole iodide salt (1,3-dimethylimidazolium iodide, DMII) to act as a catalyst and redox mediator to enhance the performance and lifespan.

The iodide ions (I[?]) in the salt can easily react to form I3[?] and then back again (redox pair). In this process, they transfer electrons to oxygen (discharge) and take them back up (charge). This facilitated charge transport accelerates the reactions, reduces the overpotential of the cathode, and increases the discharge capacity of the electrochemical cell. The DMI+ ions from the salt contain a ring made from three carbon and two nitrogen atoms. This ring has freely mobile electrons and can "capture" lithium ions during discharge and effectively transfer them to the oxygen at the cathode. In addition, the DMI+ ions form an ultrathin but highly stable interface film on the anode, which prevents direct contact between the electrolyte and the lithium surface, minimizing the decomposition of the electrolyte and preventing side reactions. This stabilizes the anode and increases the lifespan of the battery.

The electrochemical test cells produced by the team were highly promising, demonstrating a very low overpotential (0.52 V), high cycle stability over 960 hours, and highly reversible formation/decomposition of Li2O2 with no side reactions.
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A new experimental system to bring quantum technologies closer to students | ScienceDaily
The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology concepts and recognizing their relevance to technological progress is one of the challenges of 2025, declared the International Year of Quantum Science and Technology by UNESCO.


						
Now, a team from the Faculty of Physics of the University of Barcelona has designed new experimental equipment that makes it possible for students to familiarize themselves with the more complex concepts of quantum physics. The configuration they present -- versatile, cost-effective and with multiple ways of application in the classroom -- is already operational in the Advanced Quantum Laboratory of the UB's Faculty of Physics and could also be accessible in less specialized centres.

This innovation is presented in an article in the journal EPJ Quantum Technology, which results from a collaboration between professors Bruno Julia, from the Department of Quantum Physics and Astrophysics and the UB Institute of Cosmos Sciences (ICCUB); Marti Duocastella, from the Department of Applied Physics and the UB Institute of Nanoscience and Nanotechnology (IN2UB), and Jose M. Gomez, from the Department of Electronic and Biomedical Engineering. It is based on the result of Raul Lahoz's master's final project, with the participation of experts Lidia Lozano and Adria Bru.

Study of phenomena unique to quantum mechanics  Quantum mechanics makes it possible to create so-called entangled systems -- for example, with two particles or two photons -- that behave in a non-intuitive way. In 1964, the physicist John S. Bell experimentally proved that the predictions of quantum mechanics were totally incompatible with a classical description of physics -- a hypothesis that had been advocated by Albert Einstein -- and consolidated the probabilistic nature of quantum mechanics. In 2022, scientists Alain Aspect, John F. Clauser and Anton Zeilinger were awarded the Nobel Prize in Physics for pioneering experiments in quantum information on entangled photons and the experimental demonstration of the violation of Bell's inequalities.

Quantum entanglement is today one of the fundamental resources to drive the development of quantum technologies (quantum computers, data encryption, etc.). "The study of Bell inequalities -- in particular, observing violations of the inequalities -- is fundamental to characterizing quantum entangled systems. It is important to be able to perform these experiments in a teaching laboratory to understand Bell's inequalities, quantum entanglement and the probabilistic nature of quantum mechanics," says Bruno Julia.

Marti Duocastella explains in the article that they have designed "new experimental equipment capable of providing students with direct measurements of quantum entanglement." "From our perspective, -- says the researcher -- we believe that allowing students to make these measurements will greatly facilitate their understanding of this unintuitive phenomenon."

Introducing students to advanced tools  The system designed by the UB team makes it possible to study Bell inequalities and also to perform full two-photon state tomography. With a simple operation, it can prepare different quantum entangled states. Compared to previous proposals, "the new equipment has improved the photon-capture process: it uses detectors assembled to optical fibres, one of the key innovations to simplify the experiment, which facilitates the alignment of the system and increases the efficiency of the detection. Thus, a complete measurement of the Bell inequalities can be performed during a practical laboratory session (between one and two hours)," say Julia and Duocastella.

The results reveal successful manipulation of the quantum state of photons and the achievement of high-fidelity entangled states and significant violations of Bell inequalities. Also, the elements of the system are widely used in current quantum technologies, facilitating students' contact with advanced instrumentation.

This innovation, which has already been applied in bachelor's and master's degree courses, has received very positive feedback from all students. In the bachelor's degree in Physics, it allows experimental demonstrations to be carried out to complement the subject of Classical and Quantum Information Theory and Quantum Mechanics. In the master's degree course, it is one of the four experiments in the Advanced Quantum Laboratory of the Master's degree in Quantum Science and Technologies.

This study has received funding from both the Spanish Ministry of Science, Innovation and Universities and the European Union's Next Generation EU funds.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250127124201.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers discover new way to store hydrogen using lignin jet fuel | ScienceDaily
An international team of scientists has discovered a way to store and release volatile hydrogen using lignin-based jet fuel that could open new pathways for sustainable energy production.


						
In a new study in the International Journal of Hydrogen Energy, Washington State University Professor Bin Yang and colleagues demonstrated that a type of lignin-based jet fuel they developed can chemically bind hydrogen in a stable liquid form. The research has many potential applications in fuels and transportation and could ultimately make it easier to harness hydrogen's potential as a high energy and zero emissions fuel source.

"This new, lignin jet fuel-based technology could enable efficient, high-density hydrogen storage in an easy-to-handle sustainable aviation fuel, eliminating the need for pressurized tanks for storage and transport," Yang said.

For the study, researchers at WSU, Pacific Northwest National Laboratory, the University of New Haven, and Natural Resources Canada set out to address one of the major challenges with using hydrogen as a fuel source. The lightest element's low density and explosive nature make storage and transport technically challenging, inefficient, and expensive.

The January article details how the research team discovered the new hydrogen-storing process using chemical reactions that produced aromatic carbons and hydrogen from lignin jet fuel -- an experimental fuel developed by Yang's lab based on lignin, an organic polymer found in plants.

"Hydrogen is a versatile energy carrier that could help the U.S. meet its targets for zero-emission mobility, integration of renewables, and decarbonization of industry," Yang said.

The discovery points to new uses for the lignin jet fuel developed at WSU by Yang, who previously tested a new continuous process that creates the fuel from agricultural waste. Experiments have shown that the sustainably produced fuel could increase engine performance and efficiency while dispensing with aromatics, the pollution-causing compounds found in conventional fuels.

"This innovation offers promising opportunities for compatibility with existing infrastructure and economic viability for scalable production," Yang said. "It could help create a synergistic system that enhances the efficiency, safety, and ecological benefits of both sustainable aviation fuel and hydrogen technologies."

Next, WSU researchers will collaborate with scientists at the University of New Haven to design an AI-driven catalyst that enhances and completes the reactions, making them more efficient and cost-effective.

Funding for the work came from the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy and its Hydrogen and Fuel Cell Technologies Office.
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New weapon against harmful algal blooms | ScienceDaily
As harmful algal blooms (HABs) continue to spread across the globe, urgent research is needed to address this growing threat. Studies in Italy, China, and the Atlantic basin have shown that many water bodies have high nitrogen-to-phosphorus ratios, making phosphorus a key factor that drives these blooms. This highlights the critical need for more effective phosphorus management strategies to curb the rise of HABs and protect our ecosystems.


						
Recently, there's been a growing interest in finding useful ways to repurpose troublesome algal biomass, which could be turned into valuable products like bioplastics, biofertilizers, and biofuels. Researchers have already explored using algal biomass to create materials that can help clean up things such as heavy metals, rare earth metals, dyes, and even capture CO2 and harmful volatile organic compounds from the air.

However, few studies have looked into how algal biomass, especially cyanobacteria, also known as blue-green algae, can be used to create materials that remove phosphate from water.

Now, researchers from the College of Engineering and Computer Science at Florida Atlantic University, have filled that gap by transforming cyanobacterial biomass, which is typically a hazardous waste, into custom-made adsorbent materials that can pull harmful phosphorus out of water. Adsorbent materials are substances that can attract and hold molecules or particles such as gases, liquids, or dissolved solids on their surface. Unlike absorbent materials that soak up substances into their structure, adsorbents capture molecules on the outside surface, forming a thin layer.

To convert algal biomass into chemically modified activated carbon adsorbent materials for phosphate removal, researchers collected cyanobacterial biomass from Florida's Lake Okeechobee and processed before activation using fast and energy-efficient microwave heating. To improve phosphate removal from water, researchers tested adsorbent materials modified with lanthanum chloride or zinc chloride. Relatively abundant, lanthanum is a metal that is part of the rare-earth element group. Both compounds are useful in a variety of fields including environmental cleanup, industrial processing, and chemical manufacturing. Previous research did not identify any human health risks associated with the use of lanthanum for phosphorus removal.

Results of the study, published in the journal Algal Research, show that materials treated with lanthanum chloride removed more than 99% of phosphorus, even at starting phosphorus concentrations as high as 20 milligrams per liter of water. The best material could be synthesized in three minutes and successfully achieved 90% phosphorus removal efficiency with a low amount of material (0.2 gram per liter of contaminated water) and just 30 minutes of contact time. This material also performed well in the presence of natural organic matter by selectively removing phosphorus.

The study suggests that lanthanum-modified algae-based adsorbents could help reduce HABs by removing phosphorus from water. The effectiveness comes from the formation of a compound, LaPO4.H2O (also known as rhabdophane), which traps phosphorus permanently.




"Our findings suggest that lanthanum-modified algae-based materials could be an effective solution for removing phosphorus and preventing harmful algal blooms if used on a larger scale," said Masoud Jahandar Lashaki, Ph.D., senior author, assistant professor and graduate program director/coordinator in FAU's Department of Civil, Environmental and Geomatics Engineering. "By using readily available waste materials like algal biomass, combined with lanthanum, an element known for its strong phosphorus-binding capabilities, we have developed an adsorbent that can effectively target and remove excess phosphorus from water. Phosphorus is a major contributor to the occurrence of harmful algal blooms, which can lead to toxic water conditions, loss of aquatic life, and significant economic impacts on industries like fishing and tourism."

Results of this study show the promise of this innovative approach in addressing one of the most pressing challenges in water quality management. With further refinement and scalability, this technique could become an essential tool for managing nutrient pollution and preserving aquatic ecosystems globally.

"Our team's research highlights the high efficiency of these materials in removing phosphorus over a wide range of concentrations. This approach could provide an environmentally friendly and cost-effective solution to mitigate the effects of eutrophication -- the process where excessive nutrients, particularly phosphorus, fuel the growth of harmful algae in lakes, rivers, and coastal areas," said Stella Batalama, Ph.D., dean, FAU College of Engineering and Computer Science. "By applying lanthanum-modified algae-based materials in regions prone to harmful algal blooms, communities could significantly reduce the occurrence of these blooms, improving water quality, protecting ecosystems, and ensuring safe water for both human use and wildlife."

Study co-authors are Vithulan Suthakaran, a civil engineer and doctoral candidate in FAU's College of Engineering and Computer Science; Ryan Thomas, an environmental engineer and FAU graduate; Mitchell Guirard, an environmental engineer and FAU graduate; and Daniel Meeroff, Ph.D., professor and dean of undergraduate studies, FAU Department of Civil, Environmental and Geomatics Engineering.

This research and publication were developed under Project INV12 and funded by the Florida Department of Environmental Protection (FDEP) under the direction of the Blue-Green Algae Task Force. The research team recently received a Phase-II grant ($590,527; INV45) from the FDEP to investigate the scalability of the proposed solution.
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Inconsistencies in hospital toxicology screening protocols following serious motor vehicle collisions | ScienceDaily
In 2010, Massachusetts adopted legislation that amended the Safe Driving Law, encouraging health care providers to report patients to the state Registry of Motor Vehicles (RMV) if there was "reasonable cause to believe that an operator is not physically or medically capable of safely operating a motor vehicle." In response to this new legislation, trauma physicians at two Boston academic medical centers initiated a reporting policy that stipulates patients admitted after a serious motor vehicle collision that may have been caused by intoxicated driving, are to be reported to the RMV by the attending trauma physician for potential license suspension.


						
A new study by researchers at Boston University Chobanian & Avedisian School of Medicine, Boston Medical Center, Tufts Medical Center and UMass Memorial Medical Center has found that drug screening practices may be inconsistent with potential downstream effects in reporting to the RMV.

"This inconsistency raises concerns about fairness and effectiveness in preventing impaired driving and highlights disparities in policy implementation; there is a need for standardized, equitable reporting protocols across hospitals," explains corresponding author Neil Singh Bedi, a fourth-year medical student at Boston University.

The researchers analyzed data from two large trauma centers to see how often alcohol and drug screenings were done after serious car crashes. They linked these hospital records with the Massachusetts RMV database to track if patients who were reported had their licenses suspended. They then compared suspension rates across different groups to check for inconsistencies or disparities.

They found toxicology and ethyl alcohol or ethanol (EtOH)screening rates differed significantly between trauma centers. Across all patients, 11.5% of the patients had neither urine or serum toxicology screening done and 47% only had EtOH screening performed. Both EtOH and toxicology screening were completed in 41% of patients, and 1% of patients had only toxicology screening completed. While the screening rates varied based on the type of screenings performed (EtOH and/or toxicology), there were no differences by race or whether patients had any screening, either EtOH or toxicology.

According to the researchers, all serious motor vehicle collision patients should have blood drawn, and serum EtOH and toxicology screening should be part of the standard protocol, even if urine is not immediately collected. "The stark differences in hospital practices surrounding screening for EtOH and toxicology creates a challenge for analysis and offers an opportunity for improvement in the initial trauma assessment and emergency room screening practices," adds Bedi.

These findings appear online in the journal Academic Emergency Medicine.
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New measurements of solar radiative opacity thanks to helioseismology | ScienceDaily
Researchers have pioneered an innovative method using helioseismology to measure the solar radiative opacity under extreme conditions. This groundbreaking work, published in Nature Communications, not only reveals gaps in our understanding of atomic physics but also confirms recent experimental results, thereby opening new perspectives in astrophysics and nuclear physics.


						
Helioseismology is a discipline dedicated to studying the Sun's acoustic oscillations, enabling us to probe the interior of our star with remarkable precision. By analysing these waves, it is possible to reconstruct fundamental parameters such as the density, temperature, and chemical composition of the Sun's plasma -- essential elements for understanding how our star works and evolves. This method transforms the Sun into a true astrophysical laboratory, providing crucial data for refining stellar models and better understanding the evolution of stars in the Universe.

A new international study, led by Gael Buldgen, a researcher at the University of Liege, has used helioseismic techniques to provide an independent measurement of the absorption of high-energy radiation by the solar plasma in the deep layers of its structure. This collaborative work sheds new light on solar radiative opacity, a crucial physical quantity for understanding the interaction between matter and radiation in the extreme conditions of the Sun's interior. The results confirm observations made in American laboratories such as the Sandia National Laboratories and ongoing efforts at the Livermore National Laboratory, while revealing persistent gaps in our understanding of atomic physics and differences between the predictions of research groups at the Los Alamos National Laboratory, the Ohio State University and the research centre of the CEA Paris-Saclay in France.

Unprecedented precision in stellar modelling

The scientific team used advanced numerical tools developed at ULiege, drawing on the university's expertise in helioseismology and stellar modelling. "By detecting the Sun's acoustic waves with unparalleled precision, we can reconstruct our star's internal properties, in much the same way as we would deduce the characteristics of a musical instrument from the sounds it produces," explains Gael Buldgen.

The precision of helioseismic measurements is exceptional: they allow us to estimate the mass of a cubic centimetre of matter inside the Sun with an accuracy surpassing that of a high-precision kitchen scale without ever seeing or touching the matter. Helioseismology, developed at the end of the twentieth century, has played a major role in advancing fundamental physics. In particular, it has contributed to major discoveries, such as neutrino oscillations, which the 2015 Nobel Prize recognised. These advances demonstrated that solar models were not to blame for the origin of this phenomenon. Still, adjustments were needed with the revision of the solar chemical composition in 2009, confirmed in 2021. This revision caused a crisis in solar models, which no longer agreed with the helioseismic observations.

To meet this challenge, advanced tools have been developed at the University of Liege, initially as part of doctoral work (1), and then enriched through international collaborations in Birmingham and Geneva. These tools have made it possible to revisit the internal thermodynamic conditions of the Sun and to reopen an issue that the scientific community had somewhat neglected. At the same time, the work carried out in 2015 by James Bailey at Sandia National Laboratory highlighted the crucial role of radiative opacity. The first experimental measurements were first met with some skepticism, as they revealed significant differences with theoretical predictions.




Today's helioseismic measure provides valuable confirmation and makes it possible to specify the temperature, density and energy regimes in which these experiments should be concentrated in order to better reproduce solar conditions. In addition, the Z Machine experiments, although extremely valuable, have prohibitive energy and financial costs. Helioseismic measurements, on the other hand, offer an economical and complementary alternative while guiding experimentalists towards optimal windows for their laboratory measurements.

The implications of this research extend far beyond stellar modelling. It improves the accuracy of the theoretical models used to estimate the age and mass of stars and exoplanets, thereby contributing to our understanding of galactic evolution and stellar populations. "The Sun is our great calibrator of stellar evolution, our preferred laboratory for finding out whether we are on the right track, or not. These results are even more important as we prepare to launch the PLATO satellite in 2026, one of the objectives of which is to accurately characterize solar-type stars to find habitable terrestrial planets. What's more, these results have resonances in nuclear fusion, as the Sun remains the only stable nuclear fusion reactor in our solar system. Improving our understanding of the Sun's internal conditions directly impacts fusion energy research, a key issue in the development of clean energy solutions," adds Gael Buldgen.

A call for refined theoretical models

The results highlight the need to improve existing atomic models to resolve the discrepancies between experimental observations and theoretical calculations. These advances should redefine our understanding of stellar evolution and the physical processes that govern the structure and evolution of stars. This research confirms the University of Liege's position at the cutting edge of astrophysical science, demonstrating the key role of helioseismology in unlocking the mysteries of the cosmos.
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Researchers invent a new tool to help lower the cost of tomorrow's medicine | ScienceDaily
University of Missouri researchers and collaborators have developed a new chemical tool that could help lower the cost of prescription medications.


						
The tool, called AshPhos, is a ligand, or molecule, that makes it easier to create special carbon-nitrogen bonds. These bonds are the backbone of more than half of all medicines on the market today.

"What makes AshPhos special from other existing ligands is that it's made from inexpensive and easy-to-find materials, and it is far better in terms of activity and efficiency," said Sachin Handa, an associate professor of chemistry at Mizzou's College of Arts and Science.

That's by design.

The team, led by Handa and graduate student Ashish Dusunge, alongside Biohaven Pharmaceuticals, developed AshPhos with the goal of promoting sustainable chemistry.

"It's eco-friendly because it's made with less waste and uses materials from renewable sources," Handa said. "It will also make medicine production cheaper, helping more people afford the medications they need."

Handa, who grew up in India and was a first-generation high school student, knows firsthand the importance of providing affordable life-saving medication.




"Witnessing people in India struggle to access essential health care during my childhood continues to motivate me to use my expertise as a chemist to create solutions that benefit society as a whole," he said.

Other potential applications

Looking ahead, researchers plan to explore the use of AshPhos beyond pharmaceutical applications.

One idea is to use AshPhos to create nanomaterials that can facilitate hydrogen evolution. Hydrogen is considered a clean energy source, and efficient methods for its production are crucial for transitioning toward renewable energy sources.

Another idea is to investigate how AshPhos could help degrade PFAS, or "forever chemicals." By developing a catalyst using AshPhos and earth-abundant metals, Handa said they could provide a potential solution for breaking down these persistent pollutants.

While future applications are still under development, they showcase the versatility of AshPhos and highlight its potential to address critical challenges related to energy and environmental sustainability.




The mechanics of AshPhos

How does it work?

"Ligands such as AshPhos facilitate the formation of carbon-nitrogen bonds by stabilizing metal ions and guiding them in reactions, called Buchwald-Hartwig aminations," said Handa, who was hired through the university's MizzouForward initiative in 2023. "This is important for highly challenging bulky molecules that otherwise deactivate the catalyst in the absence of AshPhos."

AshPhos, named in part for Dusunge, the first author of the study, works by binding to a metal atom, transforming it into a catalyst. This catalyst is essential for the reaction to proceed. The metal catalyst then brings together a "highly challenging" molecule containing carbon and another containing nitrogen, facilitating the formation of a carbon-nitrogen bond between them, Handa said.

In the case of AshPhos, the ligand attaches to a metal -- palladium -- to help it speed up chemical reactions more effectively.

"It acts as a 'boss' by directing the metal what to do, ensuring the metal stays active and selective during the process," Handa said.

During this process, the ligand might temporarily detach from the metal, rendering it inactive. AshPhos can prevent this from happening by reattaching to the metal with a little heat, ensuring the catalyst remains active and the reaction continues.

"This reattachment ability is key to AshPhos' effectiveness and makes it superior to many existing ligands," Handa said. "Our ligand is very strong -- it's like locking a door with a key, ensuring it stays securely closed and won't open."

Innovations such as AshPhos are the hallmarks of Mizzou researchers, including Handa, whose work is powering the new Center for Energy Innovation.

Funding was provided by grants awarded to Handa from the U.S. National Science Foundation (CHE 2044778 and 2345856). AshPhos has received commercial interest from entities in both the U.S. and Europe.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Antarctic fast ice secrets
        Scientists have successfully analyzed more than 30 years of vital data on the thickness of landfast sea ice in Antarctica's McMurdo Sound, which will prove useful to measure future impacts of climate change.

      

      
        Study finds three new safe, effective ways to treat drug-resistant tuberculosis
        Study finds three new safe and effective drug regimens to fight multidrug-resistant TB. The treatments, which include recently discovered TB drugs, give new options for shorter, personalized treatment and are cleared for use for more people than ever.

      

      
        Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties
        Scientists have discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair. After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair 'sebum' (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it v...

      

      
        Need for better wildfire readiness in Eastern Coachella Valley
        A study highlights the need for improved wildfire preparedness tailored to disadvantaged communities in unincorporated areas of the Eastern Coachella Valley and identifies effective ways to bridge critical communication gaps.

      

      
        A window into the future of Amazonia
        New research from a team of tropical biologists forecasts some of the changes that may occur in the Amazon rainforest as temperatures rise due to climate change.

      

      
        Chemical looping turns environmental waste into fuel
        Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.

      

      
        Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water
        Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water.

      

      
        Oceanic plate between Arabian and Eurasian continental plates is breaking away
        An international research team has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to...

      

      
        New ways to modulate cell activity remotely
        Cells are dynamic, fast-changing, complex, tiny, and often hard-to-see in environments that don't always behave in predictable ways when exposed to external stimuli. Now, researchers have found new ways to modulate cell activity remotely.

      

      
        Common plastic pigment promotes depolymerization
        This startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment to jumpstart the degradation. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies. I...

      

      
        Protecting the Plains: Conserving prairie dogs will revitalize North America's grasslands
        Researchers have identified priority areas for conserving the black-tailed prairie dog in the United States. Protecting these regions will also benefit North America's Central Grasslands and the many associated grassland species that flourished there centuries ago.

      

      
        New insights into the perception of coffee taste -- genetic predisposition plays a role
        Why does coffee taste more bitter to some people than it does to others? Researchers have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.

      

      
        Study reveals how microbes help detoxify our atmosphere
        Researchers have discovered crucial new information about how microbes consume huge amounts of carbon monoxide (CO) and help reduce levels of this deadly gas.

      

      
        Weather change linked to increased risk of Salmonella outbreaks
        Climate change is impacting the spread of Salmonella, according to new research. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.

      

      
        Green phosphonate chemistry -- Does it exist?
        Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.

      

      
        New study improves the trustworthiness of wind power forecasts
        By applying techniques from explainable artificial intelligence, engineers can improve users' confidence in forecasts generated by artificial intelligence models. This approach was recently tested on wind power generation.

      

      
        Research leads to viable solution for polycotton textile waste recycling
        Researchers present a solution to the challenging problem of recycling poly-cotton textile waste. The process starts with fully removing all cotton from the fabric using superconcentrated hydrochloric acid at room temperature. The cotton is converted into glucose, which can be used as a feedstock for biobased products such as renewable plastics. The remaining polyester fibers can be reprocessed using available polyester recycling methods.

      

      
        Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics
        A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers.

      

      
        Blood-powered toes give salamanders an arboreal edge
        Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery. A new study reveals the answer may have a lot to do with a surprising mechanism: blood-powered toes.

      

      
        Landmark genetic study: Fresh shoots of hope on the tree of life
        In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.

      

      
        Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon
        A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.

      

      
        Research contrasts drought sensitivity of Eurasian and North American grasslands
        Grasslands in Asia and North America differ in their responses to drought, according to a new article. The findings show that differences in the dominant grasses and lower species diversity in the Eurasian Steppe grasslands may make it more vulnerable to drought than the North American Great Plains.

      

      
        Pairing old and new technologies could unlock advances in plankton science
        New research highlights the benefits of combining existing long-term plankton monitoring programs and emerging technologies in monitoring the health of our seas.

      

      
        Exploring mysteries of Asteroid Bennu
        Scientists found that asteroid Bennu contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago.

      

      
        Relative of deadly Hendra virus found in the US
        Researchers have identified the first henipavirus in North America.

      

      
        Moderate exercise keeps appetite at bay
        A recent study has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.

      

      
        Microbial therapy offers new hope for vitiligo patients
        A natural compound derived from gut-friendly bacteria significantly slows the progression of vitiligo and may restore pigmentation, reports a new pre-clinical study in mice.

      

      
        New clues to the mechanism behind food tolerance and allergies
        Study reveals how immune cells in the gut distinguish between food and harmful pathogens, shedding light on the origins of both food allergies and intestinal diseases.

      

      
        Air pollution inequities linked to industrial swine facilities are detectable from space
        A UVA study uses satellite data to show that air pollution from industrial swine farms in Eastern North Carolina disproportionately affects marginalized communities.

      

      
        Cell death and aging in cancer research review
        The latest findings on the interaction between cell death and cellular senescence in cancer and their pathophysiological significance have been reviewed.

      

      
        Complexity of tree-planting schemes
        Research with smallholder farmers in Kenya shows that tree-planting schemes must account for complex local issues and preferences.

      

      
        Ocean-surface warming four times faster now than late-1980s
        The study helps explain why 2023 and early 2024 saw unprecedented ocean temperatures.

      

      
        Damage caused to crops by barnacle geese can be mitigated with designated set-aside and repelling fields
        A team of researchers examined the foraging behavior of barnacle geese in Northern Karelia, Finland. In this region, geese feeding on agricultural fields cause large economic damage to farms. The researchers' findings suggest that the combined use of areas where geese are not disturbed and no-go areas where geese are repelled from fields can help to mitigate the damage to crops as well as the local human-wildlife conflict.

      

      
        Keeping the steps of cell division in line
        A 'pocket' on the protein cyclin B is responsible for ensuring that the steps of cell division take place in the correct order.

      

      
        Plant-based substitute for fossil fuels developed for plastic foams
        An environmentally-friendly preparation of plant material from pine could serve as a substitute for petroleum-based chemicals in polyurethane foams. The innovation could lead to more environmentally friendly versions of foams used ubiquitously in products such as kitchen sponges, foam cushions, coatings, adhesives, packaging and insulation. The global market for polyurethane totaled more than $75 billion in 2022.

      

      
        Mapping Antarctica's hidden ice-free lands: a blueprint for conservation
        Researchers unveil a new map and classification system that will help protect the unique plants and animals of Earth's most remote and fragile continent.

      

      
        A mite-y use of electricity
        Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity. These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers are now closer to answering these questions.

      

      
        First mouse with two male parents to reach adulthood
        A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.

      

      
        Antarctic ice sheet faces 'death by a thousand cuts'
        Smaller calving events, not large icebergs, drive Antarctic ice sheet loss.

      

      
        Genetic 'fingerprint' to predict drug resistance in bacteria
        New research has identified a unique genetic signature in bacteria that can predict their likelihood of developing antibiotic resistance, a finding that can help quickly identify precision-based treatments that are more effective against the deadly, treatment-resistant pathogens.

      

      
        Ecologist's studies on the effects of prey depletion on populations of large African carnivores
        Studies determine how prey density affects African wild dogs and lions.

      

      
        Archaeologists find 'lost' site depicted in the Bayeux Tapestry
        Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry. By reinterpreting previous excavations and conducting new surveys, the team believe they have located a power center belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

      

      
        Floating solar increases greenhouse gas emissions on small ponds
        While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.

      

      
        How tiny algae shaped the evolution of giant clams
        New research reveals how resident algae altered the genome of these fabled sea creatures, allowing them to access more nutrients.

      

      
        Scientific approach can optimize bike lane planning
        develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

      

      
        Preserving Asian horseshoe crab populations through targeted conservation strategies
        Biologists conduct the first comprehensive population study of all three Asian horseshoe crab species, mapping their population distribution, evolutionary histories and vulnerabilities to climate change to propose customized conservation strategies.

      

      
        Predicting 'male-time' with the Androgen Clock
        Researchers have created an epigenetic tool which has implications for medicine, sports, and agriculture.

      

      
        Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario
        An interdisciplinary team of researchers has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 meters by 2100. The high end of this projection's range is 90 centimeters higher than the latest United Nations' global projection of 0.6 to 1.0 meters.

      

      
        Botanic Gardens must team up to save wild plants from extinction
        The world's botanic gardens must pull together to protect global plant biodiversity in the face of the extinction crisis, amid restrictions on wild-collecting, say researchers.

      

      
        How animal poop helps ecosystems adapt to climate change
        Relatives of the llama are dropping dung as they venture into higher elevations in the Andes Mountains, providing a nutrient-rich environment for life to thrive despite glacier loss.
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Antarctic fast ice secrets | ScienceDaily
University of Otago -- Otakou Whakaihu Waka scientists have successfully analysed more than 30 years of vital data on the thickness of landfast sea ice in Antarctica's McMurdo Sound, which will prove useful to measure future impacts of climate change.


						
The study, published in the Journal of Geophysical Research: Oceans, set out to discover what key influences determine the thickness of landfast sea-ice, known as fast ice, using data from 1986 to 2022.

Fast ice is frozen ocean water that is attached to shorelines and persists for at least 15 days. It provides vital habitats for penguins and seals, as well as fish, krill and algae underneath the ice.

Scientists also traverse around McMurdo Sound on fast ice to perform experiments and measure the ocean underneath and the atmosphere above. The ice needs to be stable and thick enough to do this safely.

Instead of a long-term trend of increasing or declining thickness, the researchers found storm events, air temperature and winter wind speed cause fast ice thickness to vary year to year.

Lead researcher Dr Maren Richter, who completed the research as part of her PhD at Otago, says fast ice in McMurdo Sound has not (yet) seen strong effects of climate change.

"The ocean/ice/atmosphere system there seems to still be able to balance out effects of climate change.




"We see a slight increase in air temperatures over the last 10 years of our study period, but if we look at air temperature over a longer time period (from the mid-1980s to now) there is no clear trend," she says.

The study data shows what variability is 'normal' for the fast ice in McMurdo Sound and this can then be used to detect when things start to change, for example if a year is unusual or if a series of years start to form a trend toward different fast ice conditions.

"The data analysed shows how important it is to monitor the Antarctic regularly and over many years. Only long time series of observations allow us to distinguish between natural variability and trends influenced by climate change."

She hopes the new study will be useful for modellers to predict variations year to year, which would be useful for scientists planning research on the ice or to research station operators who want to know what ship to use to resupply the stations.

The study could also be used to verify and train models that look decades into the future and try to see what average fast ice conditions will be like in 100 years' time with a lot more carbon dioxide in the atmosphere.

"Now might be the last time we can observe some systems before effects of climate change dominate over natural variability."

Co-author and Dr Richter's primary PhD supervisor, Associate Professor Inga Smith, of the Department of Physics, says although the total fast ice area is much smaller than the pack ice (broken up sea ice) in Antarctica, it has very important roles to play in Earth's climate system and for the breeding success of penguins and seals.




"We know very little about how fast ice behaves over long periods of time which means we cannot currently predict future changes," she says.

Dr Richter points out that 30 years of observations is still "quite short" when talking about trends in climate.

"There might have been changes in earlier years which we do not know about because we were not measuring fast ice thickness.

"I also want to stress that although there was no trend in fast ice thickness in McMurdo Sound, other areas around Antarctica do show trends in fast ice thickness, extent and persistence."

*Dr Richter's PhD research was supervised by Associate Professor Inga Smith, Dr Greg Leonard, of the School of Surveying, and Professor Pat Langhorne, of the Department of Physics.
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Study finds three new safe, effective ways to treat drug-resistant tuberculosis | ScienceDaily
Tuberculosis remains one of the top infectious disease killers worldwide, a challenge amplified by drug-resistant forms of the disease. Now, in a major step forward, an international clinical trial has found three new safe and effective drug regimens for tuberculosis that is resistant to rifampin, the most effective of the first-line antibiotics used to treat TB.


						
The research, published Jan. 30 in the New England Journal of Medicine, was led by researchers at Harvard Medical School and other members of the endTB project, a collaboration among Partners In Health, Medecins Sans Frontieres, and Interactive Research and Development, with help from researchers and clinicians at academic medical centers and research hubs worldwide.

The newly identified regimens take advantage of recently discovered drugs to expand the treatment arsenal and give physicians new ways to shorten and personalize treatment, minimize side effects, and treat patients using only pills instead of daily injections. They also offer alternatives in case of drug intolerance, medication shortages or unavailability, or drug resistance, the researchers said.

The endTB trial is one of four recent efforts to use randomized controlled trials to test new, shorter, less toxic regimens for drug-resistant TB. endTB uses two new drugs -- bedaquiline and delamanid -- which, when brought to market in 2012-2013, were the first new TB medicines developed in nearly 50 years.

To find shorter, injection-free drug combinations for people infected with TB resistant to rifampin, endTB tested five new, all-oral 9-month regimens using the two new drugs in combination with older medications.

A third drug, pretomanid, received emergency authorization from the FDA for specific use within a regimen against highly drug-resistant TB in 2019, after the endTB clinical trial was underway, and is not included in the regimens used in these trials.

Trial regimens were considered effective if they performed at least as well as the control group, which received a well-performing standard of care composed in accordance with a stringent interpretation of World Health Organization (WHO) recommendations.




The three successful new regimens were successful for between 85 and 90 percent of patients, compared with 81 percent success for people in the control group. The control group was treated with longer treatments, which also included the recently discovered medicines.

The trial launched in 2017 and enrolled 754 patients across seven countries: Georgia, India, Kazakhstan, Lesotho, Pakistan, Peru, and South Africa. The goal was to improve treatment for patients with tuberculosis resistant to rifampin. The WHO estimates that some 410,000 people become sick with rifampin-resistant TB each year, including people who have multidrug-resistant TB (MDR-TB). Only 40 percent are diagnosed and treated, 65 percent of them successfully.

The study population included children as well as people infected with HIV or hepatitis C, both common in populations with high rates of TB. In another innovation, women who became pregnant while on treatment were included in the endTB trial. These groups are often excluded from clinical trials. In a special report published in August 2024, the WHO added the three noninferior regimens from the endTB trial to the list of treatment options for rifampin-resistant and multidrug-resistant TB (MDR-TB) treatment; the recommendations extend to these neglected groups as well as to pregnant women.

With recent efforts to end patent exclusivity on bedaquiline, two of the endTB regimens and the WHO-recommended pretomanid-containing regimen can all be purchased for less than $500, an access target set by activists more than 10 years ago, which has only just now been achieved. All of these innovations together mean the new shortened, all-oral regimens are available to more people than ever.

The endTB trial is part of a major transformation in how the world treats tuberculosis, said the trial's co-principal investigator, Carole Mitnick, professor of global health and social medicine in the Blavatnik Institute at HMS and PIH's director of research for the endTB project.

"This Harvard-led partnership among NGOs, ministries of health, and other academic partners identified three new regimens that will make lifesaving care dramatically more accessible," Mitnick said. "We also resolved a critical question left open by pharmaceutical industry trials that brought bedaquiline and delamanid to market: How can these new drugs be used to shorten and simplify treatment while retaining efficacy?"

Until recently, Mitnick said, poor treatment options and low-quality evidence made it difficult to stem the tide of preventable deaths from tuberculosis. For many years, the only approved treatment regimens lasted years and included daily injections and highly toxic medications with often-severe side effects.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129194552.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties | ScienceDaily
An international team of scientists has discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair.


						
After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair "sebum" (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it very hard for ice to attach to their fur.

While this finding sheds fascinating new light on our understanding of polar bear -- and even Inuit -- ecology, it may also have a suite of unrelated applications, with a similar concoction of artificially made sebum promising to be useful as an anti-ice surface coating, or in next-gen ski skins used by skiers and snowboarders.

Julian Carolan, PhD Candidate from Trinity College Dublin's School of Chemistry and the AMBER Research Ireland Centre, is the first author of the journal article, which has been published today as the cover story in leading international journal Science Advances.

He said: "We measured ice adhesion strength, which is a useful measure of how well ice sticks to fur; hydrophobicity, which dictates whether water can be shed before it freezes; and freezing delay time, which simply shows how long it takes for a drop of water to freeze at certain temperatures on a given surface. We then compared the performance of the polar bear hair with that of human hair and two types of specialist human-made 'ski skins'.

"The sebum quickly jumped out as being the key component giving this anti-icing effect as we discovered the adhesion strength was greatly impacted when the hair was washed. Unwashed, greasy hair made it much harder for ice to stick. In contrast when the polar bear hair was washed and the grease largely removed it performed similarly to human hair, to which ice sticks easily whether it is washed or greasy."

That finding led the team to perform a detailed chemical analysis of polar bear sebum. As well as identifying the key components (cholesterol, diacylglycerols, and fatty acids), they were surprised to find "squalene" was absent. This fatty metabolite is present in human hair, and in the hair of other aquatic animals, like sea otters, which suggests its absence in polar bear hair is very important from an anti-icing perspective.




Dr Richard Hobbs, Assistant Professor and Royal Society-Science Foundation Ireland University Research Fellow in Trinity's School of Chemistry and the AMBER Research Ireland Centre, is a senior author of the journal article. He added: "Animals living in polar habitats have emerged as a source of inspiration for the development of new anti-icing materials.

"For example, Anne Kietzig's group at McGill recently found that the hierarchical structure of Gentoo penguin feathers afforded them anti-icing properties that relied on the feather structure rather than the preen oil coating. Our work shows that polar bear fur provides an alternative strategy to produce an anti-icing surface based on the characteristic blend of lipids present in their fur sebum or hair grease.

"This work not only represents the first study of the composition of polar bear fur sebum, but it also resolves the question of why polar bears don't suffer from ice accumulation. Despite having thick layers of insulating blubber and fur, and spending extensive periods in water at sub-zero temperatures, it seems that the fur grease provides a natural route for polar bears to easily shed ice when it forms due to the low ice adhesion on their fur.

"We expect that these natural lipid coatings produced by the bear will help us to develop new more sustainable anti-icing coatings that may replace problematic 'forever chemicals' like PFAS that have been used as anti-icing coatings."

In addition to the structural explanations, these interesting discoveries also help us better understand hunting behaviours -- both of polar bears and of native Inuit populations.

Prof. Bodil Holst, University of Bergen, is a senior author of the journal article. She added: "One of the polar bears' main hunting strategies is 'still hunting', where they lay motionless beside a breathing hole on sea ice waiting for seals to surface. Still hunting frequently develops into an 'aquatic stalk' with the polar bear using its hind paws to slide into the water to pursue its prey, and the lower the ice adhesion, the less noise generated and the faster and quieter the slide.

"Our findings also help us understand the subtlety of the steps taken by Inuit people to optimise hunting strategies to mimic the polar bear method of still hunting. Inuit hunting stools are sometimes shod with polar bear fur on the feet to avoid noise when moving on the ice, while people also sometimes wear 'polar bear trousers', ensuring the entire contact area with the ice is covered in low ice-adhesion polar bear fur for optimal noise reduction."

Notably, the traditional Inuit preparation method protects the sebum on the fur by ensuring the hair-covered side of the skin is not washed. This is unlike, for example, a fox skin, which would traditionally be cleaned by rubbing the hair side with soapstone or dry clay.
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Need for better wildfire readiness in Eastern Coachella Valley | ScienceDaily
A study led by the University of California, Irvine Joe C. Wen School of Population & Public Health highlights the need for improved wildfire preparedness tailored to disadvantaged communities in unincorporated areas of the Eastern Coachella Valley and identifies effective ways to bridge critical communication gaps.


						
Recently published online in the International Journal of Disaster Risk Reduction, the research found that people living in geographically isolated regions of ECV may benefit from enhanced community-level social interactions to strengthen their awareness of wildfire risk.

"Residents in ECV face unique challenges, from linguistic barriers to marginal government support," said corresponding author Jun Wu, UC Irvine professor of environmental and occupational health. "Our findings demonstrate the importance of fostering community ties; collaborating with emergency services; and implementing multilingual, culturally sensitive education campaigns to boost risk perception and preparedness."

Between February and April 2023, the research team surveyed 115 individuals in four unincorporated EVC communities who had experienced wildfires. Nearly all of them self-identified as Hispanic/Latino, and 60 percent reported annual household incomes of less than $25,000.

The study provided insights into communication channel preferences among different demographic groups, which emphasized the need for a multifaceted approach. Short text messages and TV were preferred across all groups, while younger adults leaned heavily on social media. Older adults and those with limited education trusted their doctors for information, and agricultural workers relied on text messages and personal observations for updates.

In addition, community-level initiatives organized by residents using messaging apps to share emergency alerts, resources and safety tips proved to be very effective, demonstrating the potential for digital tools to help strengthen local networks.

Researchers also recommend enhanced partnerships between county governments and communities to bolster resilience, address gaps in preparedness and empower citizens to take proactive steps against wildfires. Suggestions include training residents to be first responders, forming Neighborhood Watch groups, conducting Spanish-language educational programs, and distributing easy-to-understand guides on risk and evacuation procedures.

"For regions like ECV, where wildfires are a recurring threat, fostering collaboration between emergency services and the community is essential," said lead author Anqi Jiao, UC Irvine Ph.D. candidate in environmental and occupational health. "Tailored communications and active engagement can ensure that even the most disadvantaged populations are equipped to face the challenges and protected from devastating consequences."

The research team also included faculty members and graduate and undergraduate students from UC Irvine's Joe C. Wen School of Population & Public Health and School of Medicine and Mississippi State University, as well as a lead organizer from Communities for a New California Education Fund. For a full list, click here.

This study was supported by the California Air Resources Board under grant CARB; #21RD003.
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A window into the future of Amazonia | ScienceDaily
It's a place where few living things can survive in the water.


						
Deep in the world's largest rainforest, there is a boiling river. Found in eastern central Peru, it is a small tributary that eventually leads to the Amazon River.

Heated by cracks in the Earth's crust, at its warmest spots, the water can reach 200 degrees Fahrenheit, an inhospitable environment with air temperatures hotter than anywhere else in the Amazon.

But the steamy river, known locally as "Shanay-Timpishka," which translates as "boiled with the heat of the sun," also offers an interesting perspective on what may happen to plant and tree communities as climate change pushes temperatures upward. After visiting in 2021, a team of University of Miami biologists recognized that the boiling river could serve as a natural experiment.

"It really provides us a window into the future because the Amazon will get hotter whether we like it or not, so this allows us to understand what increases in temperature will do to the forest composition," said Riley Fortier, lead author on a study of the site published recently in Global Change Biology, and a graduate student in professor Kenneth Feeley's Jungle Biology lab. "It can tell us which species will be lost, and what the makeup of the forest might be like in the future."

The boiling river, a tributary of the Amazon River.

The team returned to Peru in 2022 and mapped the tropical plants and trees found in the area at 70 locations, starting upstream, where temperatures were cooler, down to the hottest part of the boiling river, where air temperatures often exceed 110 degrees Fahrenheit.




By examining forests for about a mile along the sweltering river and monitoring temperatures with onsite sensors, the team found several insights. They saw that plant diversity declined in the hottest parts of the river -- with an 11 percent drop in tree diversity per each degree of warming -- and that only plants suited for very warm tropical climates are able to thrive near the boiling river. Their results predict how tropical rainforests could look in the future Amazon as global warming continues.

"Overall, the tree community is less diverse, so we see fewer species in hotter spots," Fortier said. "And forest composition was also more homogenous in the warmest locations, whereas in cooler forest plots, there was more plant diversity."

One thing that surprised Fortier was how quickly the vegetation changed along the river.

"We saw a very directional change in composition, where the hottest part of the forest along the river had a greater representation of species that grow in hotter areas of the Amazon," Fortier added. "Then, there was a drastic change in species as you moved away from the hottest part of the river. Usually, you wouldn't see such a clear change in the species composition over such a short distance."

For example, Fortier and Feeley saw that the hotter areas around the boiling river were drier and had more vines and scrubby vegetation. The trees were also smaller and less diverse, similar to a transition zone between a forest and a savanna ecosystem, but all within less than a mile of lush, green jungle.

"Over the course of dozens of miles, you might expect to see dramatic changes like that, but in the small sampling area that we had, you typically wouldn't see such a clear change in composition," Fortier added.

From left: A research collaborator along with biology professor Ken Feeley, and graduate students Alyssa Kullberg and Riley Fortier.

Feeley's lab will continue its research of the boiling river, since it is such a unique place that could portend much about our natural world.

"You can't heat a whole forest, at least not artificially, which is one of the coolest aspects of the boiling river," Fortier added. "It's a useful system because we can isolate temperature as having such an important effect on an entire plant community. At the boiling river, the rainfall, soil, and humidity are constant, but what we see is that as global warming happens, everything will change."
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Chemical looping turns environmental waste into fuel | ScienceDaily
Turning environmental waste into useful chemical resources could solve many of the inevitable challenges of our growing amounts of discarded plastics, paper and food waste, according to new research.


						
In a significant breakthrough, researchers from The Ohio State University have developed a technology to transform materials like plastics and agricultural waste into syngas, a substance most often used to create chemicals and fuels like formaldehyde and methanol.

Using simulations to test how well the system could break down waste, scientists found that their approach, called chemical looping, could produce high-quality syngas in a more efficient manner than other similar chemical techniques. Altogether, this refined process saves energy and is safer for the environment, said Ishani Karki Kudva, lead author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

"We use syngas for important chemicals that are required in our day-to-day life," said Kudva. "So improving its purity means that we can utilize it in a variety of new ways."

Today, most commercial processes create syngas that is about 80 to 85% pure, but Kudva's team achieved a purity of around 90% in a process that takes only a few minutes.

This study builds on decades of previous research at Ohio State, led by Liang-Shih Fan, a distinguished university professor in chemical and biomolecular engineering who advised the study. This previous research used chemical looping technology to turn fossil fuels, sewer gas and coal into hydrogen, syngas and other useful products.

In the new study, the system consists of two reactors: a moving bed reducer where waste is broken down using oxygen provided by metal oxide material, and a fluidized bed combustor that replenishes the lost oxygen so that the material can be regenerated. The study showed that with this waste-to-fuel system, the reactors could run up to 45% more efficiently and still produce about 10% cleaner syngas than other methods.




The study was recently published in the journal Energy and Fuels.

According to a report by the Environmental Protection Agency, 35.7 million tons of plastics were generated in the U.S. in 2018, of which about 12.2% is municipal solid waste, such as plastic containers, bags, appliances, furniture, agricultural residue, paper and food.

Unfortunately, since plastics are resistant to decomposition, they can persist in nature for long periods and can be difficult to completely break down and recycle. Conventional waste management, such as landfilling and incineration, also poses risks to the environment.

Now, the researchers are presenting an alternative solution to help curb pollution. For example, by measuring how much carbon dioxide their system would pump out compared to conventional processes, findings revealed it could reduce carbon emissions by up to 45%.

Their project's design is just one of many in the chemical sector being driven by the urgent need for more sustainable technologies, said Shekhar Shinde, co-author of the study and a doctoral student in chemical and biomolecular engineering at Ohio State.

In this study's case, their work could help drastically reduce society's dependence on fossil fuels.




"There has been a drastic shift in terms of what was done before and what people are trying to do now in terms of decarbonizing research," he said.

While earlier technologies could only filter biomass waste and plastics separately, this team's technology also has the potential to handle multiple types of materials at once by continuously blending the conditions needed to convert them, noted the study.

Once the team's simulations yield more data, they eventually hope to test the system's market capabilities by conducting experiments over a longer time frame with other unique components.

"Expanding the process to include the municipal solid waste that we get from recycling centers is our next priority," Kudva said. "The work in the lab is still going on with respect to commercializing this technology and decarbonizing the industry."

Other Ohio State co-authors include Rushikesh K. Joshi, Tanay A. Jawdekar, Sudeshna Gun, Sonu Kumar, Ashin A Sunny, Darien Kulchytsky and Zhuo Cheng. The study was supported by Buckeye Precious Plastic.
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Optical fiber sensor provides simple and sensitive detection of arsenic in drinking water | ScienceDaily
Researchers have developed a new optical sensor that provides a simple way to achieve real-time detection of extremely low levels of arsenic in water. The technology could enable household testing for arsenic, empowering individuals to monitor their own water quality.


						
Arsenic contamination is a serious environmental and public health challenge affecting millions of people around the world. This contamination occurs when natural geological processes release arsenic from rocks and soil into groundwater and can be exacerbated by mining, industrial waste disposal and use of arsenic-based pesticides.

"Consuming arsenic-contaminated water can lead to severe health conditions including arsenic poisoning and cancers of the skin, lung, kidney and bladder," said lead researcher Sunil Khijwania from the Indian Institute of Technology Guwahati. "By creating a sensor that is sensitive, selective, reusable and cost-effective, we aim to address the need for a reliable and user-friendly tool for routine monitoring, helping to protect communities from the risks of arsenic exposure."

In the Optica Publishing Group journal Applied Optics, the researchers describe their new sensor, which uses an optical fiber and an optical phenomenon known as localized surface plasmon resonance. They used it to detect arsenic levels as low as 0.09 parts per billion (ppb), 111 times lower than the maximum permissible limit of 10 ppb established by the World Health Organization. The sensor also exhibited reliable performance when tested on real drinking water samples from diverse locations and conditions.

"The highly sensitive sensor provides analysis within just 0.5 seconds and demonstrates a high degree of reusability, repeatability, stability and reliability, making it a powerful tool for monitoring and ensuring safer water quality," said Khijwania. "In the future, this technology could make it much easier for people to check whether their drinking water is safe, potentially saving lives by preventing exposure to harmful arsenic levels."

A user-friendly yet accurate sensor

Although conventional spectroscopy methods for detecting arsenic are highly accurate and sensitive, they tend to require complex, bulky, expensive equipment that is time-consuming and complicated to use. To fill this critical gap, the researchers developed an optical fiber sensor that not only has a low detection limit but is also cost-effective and user-friendly enough for routine arsenic monitoring in drinking water.




To make the new sensor, the researchers coated the inside core of a fiber with gold nanoparticles and a thin layer of a unique nanocomposite composed of aluminum oxide and graphene oxide, which selectively binds to arsenic ions. A portion of the light traveling through the core also extends into the surrounding fiber cladding due to the evanescent wave created by total internal reflection. By removing the cladding in a small section of the fiber, the evanescent wave is exposed to the environment.

As light travels through the optical fiber, the evanescent wave interacts with gold nanoparticles, triggering localized surface plasmon resonance -- a phenomenon where electrons on the nanoparticle surface collectively oscillate in response to specific light wavelengths. If arsenic is present, it will bind to the nanocomposite, causing a measurable shift in the surface plasmon resonance wavelength and enabling accurate detection of trace arsenic in water.

Thorough performance assessment

The researchers tested the sensor using varying concentrations of arsenic ion solutions, finding that it produced consistent and reliable detection of arsenic across the tested concentration range. After additional optimization, they tested other parameters, showing that the sensor produced consistent results during both low-to-high and high-to-low changes in arsenic ion concentration and achieved a fast response time of just 0.5 seconds.

The sensor exhibited a maximum resolution of +- 0.058 ppb of arsenic and showed negligible variations in results for samples with identical arsenic concentrations analyzed on four separate days over an 18-day period. The researchers also compared sensor measurements to those obtained with inductively coupled plasma mass spectrometry (ICP-MS), which is commonly used for arsenic measurements. The sensor showed a relative percentage difference of less than 5%, indicating strong agreement between the two methods.

To evaluate the real-world applicability of the sensor, the researchers tested it on drinking water samples collected from different locations in the city of Guwahati in India. The sensor maintained reliable performance under these varied conditions.

"These investigations established that the proposed optical fiber sensor offers a highly sensitive, selective, fast, cost-effective, straightforward and easy solution for arsenic detection in real field conditions," said Khijwania. "In the long term, this new approach could potentially be modified to create a new wave of affordable and accessible environmental monitoring tools."

The researchers note that although the sensor is ready for real-world use in detecting arsenic, a less expensive and easier-to-use optical source and detector would need to be developed to enable widespread application.
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Oceanic plate between Arabian and Eurasian continental plates is breaking away | ScienceDaily
An international research team led by the University of Gottingen has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to northwest Iran. Their findings show how the evolution of the Earth's surface is controlled by processes deep within the planet's interior. The research was published in the journal Solid Earth.


						
When two continents converge over millions of years, the oceanic floor between them slides to great depths beneath the continents. Eventually, the continents collide, and masses of rock from their edges are lifted up into towering mountain ranges. Over millions of years, the immense weight of these mountains causes the Earth's surface around them to bend downward. Over time, sediments eroded from the mountains accumulate in this depression, forming plains such as Mesopotamia in the Middle East. The researchers modelled the downward bend of the Earth's surfaces based on the Zagros Mountain's load where the Arabian continent is colliding with Eurasia. They combined the resulting size of the depression with the computed topography based on the Earth's mantle to reproduce the unusually deep depression in the southeastern segment of the study area. The researchers found that the weight of the mountains alone cannot account for the 3-4 km deep depression that has formed and been filled with sediment over the past 15 million years.

"Given the moderate topography in the north-western Zagros area, it was surprising to find out that so much sediment has accumulated in the part of the area we studied. This means the depression of the land is greater than could be caused by the load of the Zagros Mountains," said Dr Renas Koshnaw, lead author and Postdoctoral Researcher at Gottingen University's Department of Structural Geology and Geothermics. Researchers propose that this is caused by the additional load of the sinking oceanic plate that is still attached to the Arabian plate. Koshnaw adds: "This plate is pulling the region downward from below, making space for more sediment accumulation. Towards Turkey, the sediment-filled depression becomes much shallower, suggesting that the slab has broken off in this area, relieving the downward pull force."

The geodynamic model developed in this research will benefit other fields as well. "This research contributes to understanding how the Earth's rigid outer shell functions," explains Koshnaw. Such research can lead to practical applications in the future by providing information for exploring natural resources such as sedimentary ore deposits and geothermal energy, and better characterization of the earthquake risks.

This research was made possible thanks to funding from the Alexander von Humboldt Foundation.
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New ways to modulate cell activity remotely | ScienceDaily
Imagine being at a big marquee event at an arena, like the Super Bowl, with the roar of the crowd, the smell of hot dogs, and a sea of jerseys all merging into one chaotic blur. While the frenzied, exciting environment certainly enhances your viewing experience, it can also make it difficult to find the people you came with if you get separated. If you're communicating by phone or waving from the stands, it can be an exhausting game of hide-and-seek amid the noise and commotion.


						
Now imagine if you had a way to remotely guide them to you with pinpoint precision -- an app that highlighted their exact location and gently nudged them to move in the right direction. That, in essence, is what bioengineer Lukasz Bugaj and his team at the University of Pennsylvania have achieved -- except the arena is the human body, and the people you are directing are engineered cells sent in to carry out specific tasks like killing cancer or repairing damaged tissue.

"There's a lot going on in complex living systems, so when we send modified cells into the body to execute a particular function, like to go in and find pathogens or cancerous cells, wouldn't it be great if we could communicate with them, guide them, make sure they're going exactly where they need to go, at the right time, to do the right thing?" asks Bugaj.

In a new paper, the Bugaj Lab introduces tools that essentially, "remotely and non-invasively communicate with and control the activity of cells" once they've entered the arena. Published in Nature Methods, the paper focuses on a protein the team developed called Melt, which can be toggled by temperature.

From light to heat: developing Melt

Controlling cellular behavior with light -- a field known as optogenetics -- has been a game-changer in biology since its development almost two decades ago. It involves researchers using light-sensitive proteins to activate or deactivate specific pathways within cells. But there's a catch, light doesn't penetrate deeply into tissues, making it impractical for many therapeutic applications.

"We needed something that could go deeper," says Bugaj. "That's where temperature comes in. Heat is a more penetrant stimulus -- it travels through tissues in ways visible light simply can't."

The breakthrough came from a surprising source, a fungus known as Botrytis cinerea, infamous for causing rot in strawberries and grapes. The fungus produces a protein called BcLOV4, which was initially studied for its light sensitivity, but when Bugaj's lab introduced the protein into human cell lines, something unexpected happened.




"We noticed that the protein wasn't just responding to light -- it was responding to temperature," says first author and former Ph.D. student in the Bugaj Lab, Will Benman. "That's when we thought, 'okay, that's actually really, really exciting,' because there are a lot of known proteins that respond to light, but not as many proteins that respond to temperature."

The team wondered, could they engineer the protein to respond solely to temperature? And if so, could they use it to control cellular behavior in a non-invasive way? Over months of experiments, they modified BcLOV4 into a new protein that acts as a purely temperature-sensitive tool: Melt -- short for Membrane Localization using Temperature.

"We broke its light sensitivity and tuned its temperature sensitivity to operate at human body temperatures," says Pavan Iyengar, a former undergraduate researcher in the Bugaj Lab. "Now we have a switch that works like a dimmer -- you raise the temperature, and it activates; lower it, and it deactivates."

By fusing Melt to different cellular pathways, the team demonstrated precise control over processes like cell signaling, peptide breakdown, and even cell death. In one striking experiment, they showed that applying a device for topical cooling -- a "glorified icepack" -- to an animal model could trigger cancer cell death, without the systemic toxicity of traditional chemotherapy.

Melt in action

The team also explored Melt's use in basic research, where controlling cellular pathways in real-time can reveal new insights into how cells function.




"It's kind of a rare case where a protein can do so many different things," says co-first author of the Melt paper and a Ph.D. student in the Bugaj Lab, Zikang (Dennis) Huang. "It can sense light, it can sense temperature, it can go to the membrane, and also has some other molecular functions as well, whereas most known natural proteins may have only one of these functions. Once we figure out how this works, we can potentially design more new proteins that have those integrated functions in just a single protein."

In the near term, that the team believes Melt could aid in key discoveries in cancer therapies, enabling treatments that are more targeted and less toxic.

"This work was only possible because of funding from the federal government and also through pilot funds from the Center for Precision Engineering for Health at Penn. Building from this initial support and our early results, our lab recently won a large NIH grant to further develop and test the efficacy of temperature-controlled tumor cell ablation in physiological models of cancer," says Bugaj. "Further down the line, these tools could pave the way for new types of cell therapies that respond to physiological cues like fever or inflammation."
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Common plastic pigment promotes depolymerization | ScienceDaily
It turns out that the black plastic lid atop your coffee cup has a superpower. And the Stache Lab at Princeton Chemistry, which uncovered it, is exploiting that property to recycle at least two major types of plastic.


						
Their startling mechanism for promoting depolymerization relies on an additive that many plastics already contain: a pigment called carbon black that gives plastic its black color. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

So far, researchers have shown that carbon black can depolymerize polystyrene and polyvinyl chloride (PVC), two of the least recycled plastics in the planet's waste stream. Through a process called photothermal conversion, intense light is focused on plastic containing the pigment that jumpstarts the degradation.

Two recent papers highlight the potential. First, in ACS Central Science at the end of last year, there was a proof-of concept for the depolymerization of polystyrene using a common Fresnel lens to focus photonic energy. Then, earlier this month, the lab published their method to upcycle PVC in the Journal of the American Chemical Society (JACS).

In both cases, carbon black serves as the trigger of the breakdown, a quality Assistant Professor of Chemistry Erin Stache discovered recently and that even industrial partners she has spoken with were unaware of. The lab's method has since been tried out on such post-consumer waste as PVC pipes, black construction pipes, trash bags, credit cards, even those ubiquitous yellow rubber duckies.

"The surprising thing, especially with the black polystyrene depolymerization, is that they've been manufacturing these materials for decades and it seems no one recognized that this was possible," said Stache. "Under ambient sunlight, the energy is not sufficient to break down these polymers. But if you increase the light intensity enough, then you start seeing the depolymerization.

"We can certainly change our habits to help alleviate the amount of plastic we use. But we're not going to get rid of our dependence on plastic. So can we think of it instead as a resource? Can we turn it into other commodity chemicals that we have to make anyway? We have found that we can."

In their ACS paper, researchers showed that unmodified post-consumer black polystyrene samples were successfully depolymerized to a styrene monomer without adding catalysts or solvent. Simple, focused radiation on the plastic provided monomer yields of up to 80% in just five minutes.




"I think this marriage between photothermal and depolymerization strategies is really groundbreaking. Black colored plastic accounts for ~15% of all plastics, and we found that 10-weight percent of black polystyrene in plastic mixture is enough to give good yield," said Hanning Jiang, co-first author on the paper.

"Carbon black absorbs all the way from UV to IR, and that's great because what we want is for this agent to take as much light as possible and transform light into heat."

Next, the lab adapted their method to PVC and received strong results. They extended the process by adding polystyrene into the PVC-carbon black mixture -- "We basically spatula it in," said Stache -- and were able to upcycle the material and then derivatize it into a couple of common consumer products.

Part of the challenge of recycling PVC is that the material has carbon-chlorine bonds that generates hydrochloric acid (HCl) whether it's being recycled mechanically or chemically. Hydrochloric acid is corrosive and highly toxic.

"We used carbon black to initiate the thermal degradation of PVC, generate HCl with an acceptor for HCl that reacts to make an adduct," Stache explained. "So you can basically access a new commodity chemical from the process. We take advantage of what is normally a bad process -- the HCl -- and add it to another commodity chemical, and then we get a new product."

Recycling of Post-Consumer Waste Polystyrene Using Commercial Plastic Additives was authored by Sewon Oh, Hanning Jiang, Liat Kugelmass, and Erin Stache and appeared in the Nov. 25, 2024 edition of ACS Central Science.
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Protecting the Plains: Conserving prairie dogs will revitalize North America's grasslands | ScienceDaily
Colorado State University researchers have identified priority areas for the conservation of the black-tailed prairie dog in the United States, extending from Montana to Texas and New Mexico to Arizona. Protecting these regions will also benefit North America's Central Grasslands and the many associated grassland species that flourished there centuries ago.


						
Once rivaling Africa's Serengeti in species abundance and diversity, North America's Central Grasslands supported a rich ecosystem comprised of millions of bison, pronghorn, elk, wolves, grizzly bears, grassland bird species and prairie dogs. Today, this ecosystem -- stretching from Canada to Mexico -- is one of the most endangered in the world, with widespread declines in native wildlife, including the near extirpation of wolves and grizzly bears, more than 95% decline in bison and prairie dog populations and a 50% decline in grassland bird species.

After looking at ecological, political and social factors, climate change, and land use throughout the central and western United States, CSU researchers have mapped a blueprint that identifies the best landscapes for black-tailed prairie dog conservation. Conserving this habitat benefits other grassland species that depend on the prairie dog for food and habitat.

Published in Diversity and Distributions in January, this research and accompanying maps aim to guide state, regional and national conservation initiatives, supporting the goal to conserve 30% of U.S. lands and waters by 2030 by identifying priority conservation areas for the most effective use of limited resources.

This research was led by Ana Davidson, a CSU research scientist at the Colorado Natural Heritage Program and joint faculty member in the Fish, Wildlife and Conservation Biology Department. As part of the Western Association of Fish and Wildlife Agencies' Western Grasslands Initiative, Davidson and other researchers, including CNHP colleague Michael Menefee, collaborated with scientists and state biologists to identify the most intact and connected grasslands with the highest long-term stability and viability in the face of climate and land use change.

They also considered the political and social landscapes that exist within these areas, such as available funding for conservation and social attitudes, to understand whether a community could and would support prairie dog habitat conservation.

"Grasslands are declining significantly because they are the primary biome that humans rely on for agriculture, so there is a lot of potential for conflict with livestock production and loss of habitat to cropland," Davidson said.




The results of this research are found in a publicly available interactive map that outlines BTPD geographic range in parts of Arizona, Colorado, Kansas, Montana, Nebraska, New Mexico, North Dakota, Oklahoma, South Dakota, Texas and Wyoming, and identifies the top 10% and top 30% of areas that have the highest conservation potential for the prairie dog ecosystem.

Davidson's "Homes on the Range" core research team -- comprised of scientists from the Colorado Natural Heritage Program, Humane Society of the United States, Prairie Dog Coalition, WAFWA and United States Department of Agricultural Research Services -- is already putting their research into action. The team is applying for large grants to help implement conservation in the priority regions and working to build on existing relationships with local ranchers, land trusts, agency biologists and managers, and conservation groups.

Davidson stated that this effort is not a "one-size-fits-all approach," and the goal is to support the unique needs of different communities. The needs of a rural community in Wyoming may differ from those of a community in southeastern Colorado, which may further differ from the needs of tribal communities in South Dakota, for example.

Lindsey Sterling-Krank, co-author and expert in conflict resolution with the Humane Society of the United States, added, "We want to work together with communities to address local needs that can support both prairie dog ecosystem conservation and co-existence with human activities."

According to Davidson, this research and the maps they have generated will also help inform State Wildlife Action Plans as well as other large-scale grassland conservation efforts like the Central Grasslands Roadmap and The North American Grasslands Conservation Act.

"Initiatives such as the Homes on the Range project are making significant progress toward the ambitious goals of conserving the lands and waters upon which all life depends -- collectively, at the global scale," said co-author Fernanda Thiesen Brum, spatial prioritization scientist on The Nature Conservancy's Global Science Team.




Prairie dogs: Keystone species of the grasslands

The depletion of grasslands is attributed to the detrimental farming practices of the late 1800s, and as grasslands have suffered, so has the prairie dog ecosystem. The early 1990s saw a massive government-led campaign to eradicate the prairie dog, which can compete for forage with domestic livestock. Later, a non-native disease from Asia -- the "plague" -- contributed to the continual widespread declines in their populations. This loss has resulted in the cascading decline in species that rely on prairie dogs for survival.

Prairie dog colonies are often called "towns" because they support many animals in addition to their own species. Their vast underground infrastructures provide homes and shelter for wildlife such as burrowing owls. Prairie dogs serve as prey for predators like the endangered black-footed ferret, hawks and eagles; improve soil quality through aeration and organic matter; and create open grassland habitat by maintaining dense, short-statured grasses that attract birds like mountain plovers.

Once a prairie dog colony is established, floral cover increases, and other species flock to these grassland oases for feeding, foraging, pollinating and nesting.

"This prairie dog recovery effort is really about the ecosystem," said Davidson. "If we focus on prairie dogs, we get a big bang for our buck. We know we can reintroduce prairie dogs or protect them and see the ecosystem revitalized -- foxes, eagles and rabbits will return to an area buzzing with birds and insects."

Davidson noted that compared to other ecosystems, like the redwood forest, the Central Grasslands often get overlooked. "Grasslands are understudied, underfunded and underappreciated, and they have an important story to be told," said Davidson.
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New insights into the perception of coffee taste -- genetic predisposition plays a role | ScienceDaily
Why does coffee taste more bitter to some people than it does to others? Researchers at the Leibniz Institute for Food Systems Biology at the Technical University of Munich have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated for the first time that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.


						
Although caffeine has been known as a bitter tasting substance for a long time, even decaffeinated coffee tastes bitter. This shows that other substances also contribute to the bitter taste of roasted coffee. Coline Bichlmaier, a doctoral student at the Leibniz Institute, explains: "Indeed, previous studies have identified various compound classes that are formed during roasting and contribute to bitterness. During my doctoral thesis, I have now identified and thoroughly analyzed another class of previously unknown roasting substances."

The starting point of her research was the mozambioside contained in Arabica beans. It tastes about ten times more bitter than caffeine and activates two of the approximately 25 bitter taste receptor types found in the human body, namely the TAS2R43 and TAS2R46 receptors. "However, our investigations showed that the concentration of mozambioside decreases significantly during roasting, so that it only makes a small contribution to the bitterness of coffee," says principal investigator Roman Lang, and continues: "This prompted us to test whether roasting produces breakdown products of mozambioside are also bitter and could affect coffee's taste."

Combination effect and genetic predisposition are important

As the research team shows, seven different degradation products of mozambioside are formed during roasting. These compounds are found in roasted coffee in varying concentrations, depending on roasting temperature and duration, and almost completely pass into the beverage during brewing.

Investigations in a cellular test system established at the institute show that these roasting substances activate the same bitter taste receptor types as mozambioside. Three of the roasting products even had a stronger effect on the receptors than the original compound. However, the researchers found that the concentrations of these roasting products measured in brewed coffee were too low to induce a noticeable taste on their own. Only the combination of mozambioside and its roasting products in a sample led eight out of eleven test subjects to perceive a bitter taste. One person found the taste astringent and two did not perceive any particular taste.

A genetic test showed that taste sensitivity depended on the genetic predisposition of the test subjects: two people had both copies of the TAS2R43 gene variant defective. Seven had one intact and one defective variant of the receptor and only two people had both copies of the gene intact.




What do the results mean for the future?

"The new findings deepen our understanding of how the roasting process influences the flavor of coffee and open up new possibilities for developing coffee varieties with coordinated flavor profiles. They are also an important milestone in flavor research, but also in health research," says Roman Lang, explaining: "Bitter substances and their receptors have further physiological functions in the body, most of which are still unknown." According to Lang, there is still a lot of work to be done, since for many bitter substances in coffee alone, it is not yet known which bitter taste receptors they activate, even though millions of people worldwide drink coffee every day.

More information

Mozambioside 

Arabica coffee contains bitter-tasting mozambioside (11-O-b-D-glucosyl-cafestol-2-one). It is a hydrophilic derivative of cafestol that is particularly abundant in naturally caffeine-free varieties. Its perception threshold in humans is 60 +- 10 micromolar (Lang et al., 2015; Lang et al., 2020). Its concentration in raw Arabica coffee is about 0.4-1.2 micromol/g. Roasting breaks down the substance to below the taste threshold in the end product.

Other bitter-tasting roasting substances in coffee 

The most important bitter tasting substances that are reportedly formed during roasting include caffeoylquinides, which are formed from chlorogenic acids, diketopiperazines, which originate from coffee proteins, and oligomers of 4-vinylcatechols, which are formed from caffeic acids. These compound classes do impart a bitter taste, but it is not yet known which bitter taste receptor types mediate their perception.

Bitter taste receptors 

In humans, about 25 different taste receptor types are responsible for the perception of bitter substances. These bitter taste receptors are not only found in the mouth, but also on cells of other organs and tissues. The many functions they perform there are the subject of numerous studies, including those conducted at the Leibniz Institute for Food Systems Biology at the Technical University of Munich. Various studies already indicate that bitter taste receptors in the respiratory tract help to ward off pathogens and accelerate the movement of cilia. They also suggest that endogenous bitter receptors in the intestines and blood cells support defense mechanisms or are involved in the regulation of metabolism.
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Study reveals how microbes help detoxify our atmosphere | ScienceDaily
Melbourne researchers have discovered crucial new information about how microbes consume huge amounts of carbon monoxide (CO) and help reduce levels of this deadly gas.


						
Over two billion tonnes of carbon monoxide are released into the atmosphere globally each year. Microbes consume about 250 million tonnes of this, reducing CO to safer levels.

The Monash University-led Study, published in Nature Chemical Biology,reveals at an atomic level how microbes consume CO present in the atmosphere. They use a special enzyme, called the CO dehydrogenase, to extract energy from this universally present but highly toxic gas.

Co-first author Ashleigh Kropp, from the Monash Biomedicine Discovery Institute's (BDI) Greening lab and the University of Melbourne's Grinter lab, said the study showed for the first time how this enzyme extracted atmospheric CO and powered cells.

"This enzyme is used by trillions of microbes in our soils and waters. These microbes consume CO for their own survival, but in the process inadvertently help us," Ms Kropp said.

Co-first author Dr David Gillett, who completed his PhD research in the Greening Lab, said this was a fantastic example of microbial 'ingenuity': how life has evolved ways to turn something toxic into something useful.

"These microbes help clean our atmosphere," Dr Gillett said. "This counteracts air pollution, which kills many millions of people each year, and also reduces global warming given CO is indirectly a greenhouse gas."

While this discovery is unlikely to be directly used to combat or monitor CO emissions, it deepens our understanding of how the atmosphere is regulated and how it might respond to future changes.




Professor Chris Greening, co-senior author and head of BDI's Global Change Program, said the discovery highlighted the broader importance of microbes.

"Microbes play countless roles essential for both human and planetary health. Yet, because they're invisible and often misunderstood, their contributions frequently go unnoticed," he said.

Ms Kropp said microbes were a big reason why our air was breathable. "They make half the oxygen we breathe and detoxify various pollutants like CO. It's crucial we better understand and appreciate how they support our own survival," she said.

About microbes

Microbes are microscopic living things found in water, soil, the air and our bodies. Also known as microorganisms, some microbes make us ill, while others are important for health. The most common types are bacteria, viruses and fungi.
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Weather change linked to increased risk of Salmonella outbreaks | ScienceDaily
Climate change is impacting the spread of Salmonella, according to new research from the University of Surrey. This research follows previous work from the team, which found that weather change is leading to the spread of dangerous diarrheal illness.


						
The study, led by a team of researchers at Surrey's School of Veterinary Medicine, investigated the impact of different weather factors on the transmission of Salmonella -- a leading cause of foodborne illnesses in Europe, accounting for nearly one in three foodborne outbreaks.

Salmonella is a type of bacteria that can cause food poisoning. It's found in the intestines of animals and humans and can contaminate food if it's not cooked or handled properly. Salmonella can cause diarrhea, fever, and stomach cramps, and it is most prominent in areas with poor sanitation and hygiene.

In the study, published in the Journal of Infection, researchers compared UK Health Security Agency (UKHSA) data of confirmed cases of Salmonella in England and Wales during 2000-2016 with Met Office data of the time, focusing on 14 different weather factors. This provided a more holistic understanding, which considered the combined effect of multiple weather factors on incidents of Salmonella, leading to an in-depth description of the risk of salmonellosis when we know the local weather during the past days.

Warmer temperatures (above 10 degrees Celsius), relative humidity, dewpoint temperature (between 7-10 degrees Celsius), and longer days (over 12-15 hours) were identified as key weather factors associated with an increase in Salmonella cases, irrespective of geographical location. These findings were also validated by analysing data from the Netherlands.

Dr Gianni Lo Iacono, Senior Lecturer in Biostatistics and Epidemiology at the University of Surrey, said:

"The model we used to analyse the data shows promise, as the findings were replicated across England, Wales and, independently, in the Netherlands, suggesting a potential for wider application in other European and high-income countries to help gain new insights on the incidence of Salmonella. It would be interesting to investigate this in regions with very different environmental and socio-economic characteristics, like tropical countries."

Dr Laura Gonzalez Villeta, the first author of the study and researcher at the University of Surrey, said:

"The study highlights how weather plays a significant role in Salmonella outbreaks and provides a valuable tool for predicting future risks and tailoring interventions, particularly in the context of climate change."
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Green phosphonate chemistry -- Does it exist? | ScienceDaily
Phosphorus is a critical raw material that should be recycled more efficiently. There is also a need for more environmentally friendly production methods for organic phosphorus compounds. A recently published review article examines the potential of green chemistry to contribute to these goals in the production and use of multifunctional phosphorus compounds, phosphonates.


						
Organic phosphorus compounds play a crucial role in several scientific fields, such as chemistry, biology, medicine and pharmacy. These compounds include phosphonates, which have particularly important applications as drugs for the treatment of osteoporosis and other calcium metabolism related diseases, and as corrosion and scale inhibitors, among other things.

The EU has listed phosphorus as one of the critical raw materials, i.e., raw materials ofgreat economic importance and with a high risk of supply disruption due to the concentration of their sources and the lack of good, affordable substitutes.

"Therefore, one can ask whether it is even relevant to talk about green chemistry for any compound containing non-recycled phosphorus," notes one of the authors of the review, Staff Scientist Petri Turhanen from the School of Pharmacy at the University of Eastern Finland.

Green chemistry is an area of chemistry and chemical engineering focusing on the design of products and processes that minimise or eliminate the use and generation of hazardous substances. Green chemistry methods are increasingly expected to provide solutions to the world's major environmental problems.

The recently published review article focuses on green methods in the synthesis of phosphonates, as well as the wide range of their applications. In addition, the review discusses the degradation, recovery and recycling of phosphonates.

"Feasible green chemistry methods have already been developed for the synthesis of phosphonates; however, the efficient recovery and recycling of phosphonates or phosphorus still requires a great deal of research," Turhanen sums up.

The article was an invited paper for Green Chemistry, which is the flagship journal in the field, and it was co-authored with Turhanen by University Researchers Santosh Kumar Adla and Juri Timonen from the School of Pharmacy as well as by a long-term collaborator, Professor Konstantinos D. Demadis from the University of Crete.
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New study improves the trustworthiness of wind power forecasts | ScienceDaily
Explainable artificial intelligence (XAI) is a branch of AI that helps users to peek inside the black-box of AI models to understand how their output is generated and whether their forecasts can be trusted. Recently, XAI has gained prominence in computer vision tasks such as image recognition, where understanding model decisions is critical. Building on its success in this field, it is now gradually being extended to various fields where trust and transparency are particularly important, including healthcare, transportation, and finance.


						
Researchers at EPFL's Wind Engineering and Renewable Energy Laboratory (WiRE) have tailored XAI to the black-box AI models used in their field. In a study appearing in Applied Energy, they found that XAI can improve the interpretability of wind power forecasting by providing insight into the string of decisions made by a black-box model and can help identify which variables should be used in a model's input.

"Before grid operators can effectively integrate wind power into their smart grids, they need reliable daily forecasts of wind energy generation with a low margin of error," says Prof. Fernando Porte-Agel, who's the head of WiRE. "Inaccurate forecasts mean grid operators have to compensate at the last minute, often using more expensive fossil fuel-based energy."

More credible and reliable predictions

The models currently used to forecast wind power output are based on fluid dynamics, weather modeling, and statistical methods -- yet they still have a non-negligible margin of error. AI has enabled engineers to improve wind power predictions by using extensive data to identify patterns between weather model variables and wind turbine power output. Most AI models, however, function as "black boxes," making it challenging to understand how they arrive at specific predictions. XAI addresses this issue by providing transparency on the modeling processes leading to the forecasts, resulting in more credible and reliable predictions.

Most important variables

To carry out their study, the research team trained a neural network by selecting input variables from a weather model with a significant influence on wind power generation -- such as wind direction, wind speed, air pressure, and temperature -- alongside data collected from wind farms in Switzerland and worldwide. "We tailored four XAI techniques and developed metrics for determining whether a technique's interpretation of the data is reliable," says Wenlong Liao, the study's lead author and a postdoc at WiRE.

In machine learning, metrics are what engineers use to evaluate the model performance. For example, metrics can show whether the relationship between two variables is causation or correlation. They're developed for specific applications -- diagnosing a medical condition, measuring the number of hours lost to traffic congestion or calculating a company's stock-market valuation. "In our study, we defined various metrics to evaluate the trustworthiness of XAI techniques. Moreover, trustworthy XAI techniques can pinpoint which variables we should factor into our models to generate reliable forecasts," says Liao. "We even saw that we could leave certain variables out of our models without making them any less accurate."

More competitive

According to Jiannong Fang -- an EPFL scientist and co-author of the study -- these findings could help make wind power more competitive. "Power system operators won't feel very comfortable relying on wind power if they don't understand the internal mechanisms that their forecasting models are based on," he says. "But with XAI-based approach, models can be diagnosed and upgraded, hence generate more reliable forecasts of daily wind power fluctuations."
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Research leads to viable solution for polycotton textile waste recycling | ScienceDaily

The research was led by Prof. Gert-Jan Gruter, who heads the Industrial Sustainable Chemistry group at the UvA's Van 't Hoff Institute for Molecular Sciences (HIMS) as a parttime professor. Gruter is Chief Technology Officer at Avantium where he leads the development of renewable and circular polymer materials and technologies that are key to transforming our fossil-based economy into a renewable, bio-based economy. "Being able to recover glucose from the cotton in textile waste is a crucial contribution to this, as glucose is a key bio-based feedstock. Currently, it is produced from starch from corn and wheat. If and when we will be producing plastics from biomass on a large scale, the world will need a lot of non-food glucose."

Equally important, the process now presented in the Nature Communications paper provides a solution to the mammoth problem of recycling textile waste. According to Gruter, it is the first effective method for recycling both cotton and polyester components of polycotton with high efficiency. Gruter's PhD student Nienke Leenders, first author of the paper, performed many tests under the four-year MiWaTex project that has been funded by the Dutch Research Council NWO and is now about halfway. The project entails cooperation with textile sorting and recycling company Wieland, workwear producer Groenendijk Bedrijfskleding, Modint, the trade association for the Dutch clothing and textile industry, and CuRe, developer of advanced technology for chemical recycling of polyester.

Scalability and cost-effectiveness

The Nature Communications paper describes how Leenders performed experiments using Avantium's pilot plant for its proprietary Dawn Technology which was originally developed to convert non-food plant-based feedstock (e.g wood) into glucose and lignin. Its key feature is using highly concentrated hydrochloric acid (43% by weight) at room temperature. Leenders tested batches of actual post-consumer polycotton waste textiles in Avantium's Dawn pilot plant. It turned out the cotton cellulose could be fully hydrolyzed into glucose under industrially relevant conditions. The polyester part of the fabric remained intact and could be easily separated. The trials demonstrated high glucose yields, indicating scalability and cost-effectiveness.

The cotton-derived glucose from the process can be used in a wide range of industrial applications, including polymers, resins and solvents. It can for example be used by Avantium to produce its lead product 2,5-furandicarboxylic acid (FDCA), a crucial component in the production of the biobased PEF polyester (polyethylene furanoate) that offers a renewable alternative to PET bottles.

The process also enables the complete recycling of polyester from polycotton. It can be chemically recycled to form new virgin polyester, as was established by tests performed by CuRe.

Favorable techno-economic analysis 

According to Gruter, the research lays the foundation for actual industrial-scale recycling of polycotton textiles and the first commercial availability of non-food glucose. "Many parties are trying to get either of these things done but no one has succeeded yet. Our techno-economic analysis looks rather favourable and Avantium has already invested substantially in this development. Our ambition is to advance this technology to the next phase of commercialization, together with partners. So we might very well be the first to market non-food glucose obtained through a bio-refinery approach."
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Precision medicine and inflammatory diseases: Power of metabolic modelling to generate personalized probiotics | ScienceDaily
A new approach to treating inflammatory diseases through personalised probiotic therapies -- also known as precision medicine -- has been proposed by researchers at the University of Surrey.


						
The human gut microbiome, a complex ecosystem of bacteria, plays a vital role in overall health. Imbalances in this ecosystem, known as dysbiosis, have been linked to various inflammatory conditions.

Through harnessing the power of large-scale computer models such as Genome Scale Metabolic Models (GSMMs) and computational methodologies such as Flux Balance Analysis (FBA), researchers can investigate the complexity of the human gut microbiome. By analysing these models, researchers can identify potential targets and design personalised probiotic and prebiotic treatments.

Dr Matteo Barberis, lead author of the study and Reader in Systems Biology from the University of Surrey, says:

"Our research presents a workflow to model human-gut microbiome interactions for probiotic design, a step in the right direction, offering a new way to help the treatment of inflammatory diseases. It can predict metabolic reactions within the bacterial strains in the gut that may be targeted to correct the dysbiosis, thus offering a platform for dietary/probiotic interventions. By understanding the intricate workings of the gut microbiome and developing dedicated modelling workflows, we are paving the way for a future where personalised therapies can improve patients' health."
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Blood-powered toes give salamanders an arboreal edge | ScienceDaily
Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery.


						
A new study in the Journal of Morphologyreveals the answer may have a lot to do with a surprising mechanism: blood-powered toes. The Washington State University-led research team discovered that wandering salamanders (Aneides vagrans) can rapidly fill, trap, and drain the blood in their toe tips to optimize attachment, detachment and general locomotion through their arboreal environment.

The research not only uncovers a previously unknown physiological mechanism in salamanders but also has implications for bioinspired designed. Insights into salamander toe mechanics could ultimately inform the development of adhesives, prosthetics, and even robotic appendages.

"Gecko-inspired adhesives already allow surfaces to be reused without losing stickiness," said Christian Brown, lead author of the study and an integrative physiology and neuroscience postdoctoral researcher at WSU. "Understanding salamander toes could lead to similar breakthroughs in attachment technologies."

Discovery sparked by a documentary shoot

Salamanders of the Aneides genus have long puzzled scientists with their square-shaped toe tips and bright red blood "lakes" that can be seen just beneath their translucent skin. Historically, these features were thought to aid oxygenation, but no evidence supported that claim.

Brown's interest in the topic traces back to an unexpected observation during the filming of the documentary, "The Americas," which airs on Feb. 23 on NBC and Peacock. While assisting on set as the resident salamander expert, Brown had the opportunity to observe through the production team's high-powered camera lenses how the amphibians move around.




He noticed something strange. Blood was rushing into the small creatures' translucent toe tips moments before they took a step. Brown and camera assistant William Goldenberg repeatedly observed the phenomenon. "We looked at each other like, 'Did you see that?'" Brown said.

Though the producers moved on, Brown's curiosity didn't. After the shoot, he reached out to Goldenberg and asked if he was interested in using his film equipment to investigate what they had observed in a scientific and repeatable way.

Through high-resolution video trials and corroborating analysis in WSU's Franceschi Microscopy & Imaging Center, Brown, Goldenberg and colleagues at WSU and Gonzaga University uncovered that wandering salamanders can finely control and regulate blood flow to each side of their toe tips.

This allows them to adjust pressure asymmetrically, improving grip on irregular surfaces like tree bark. Surprisingly, the blood rushing in before "toe off" appears to help salamanders detach rather than attach. By slightly inflating the toe tip, the salamanders reduce the surface area in contact with the surface they are on, minimizing the energy required to let go. This dexterity is crucial for navigating the uneven and slippery surfaces of the redwood canopy -- and for sticking safe landings when parachuting between branches.

"If you're climbing a redwood and have 18 toes gripping bark, being able to detach efficiently without damaging your toe tips makes a huge difference," Brown said.

The implications of the research could extend beyond Aneides vagrans. Similar vascularized structures are found in other salamander species, including aquatic ones, suggesting a universal mechanism for toe stiffness regulation that may serve different purposes depending on the salamander's environment. Moving forward, Brown and colleagues plan to expand the research to look at how the mechanism works in other salamander species and habitats.

"This could redefine our understanding of how salamanders move across diverse habitats," Brown said.
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Landmark genetic study: Fresh shoots of hope on the tree of life | ScienceDaily
In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.


						
The landmark study, published in the pre-eminent scientific journal Nature, was led by Associate Professor Catherine Grueber from the School of Life and Environmental Sciences and a team of researchers from countries including the UK, Sweden, Poland, Spain, Greece and China.

The data spans more than three decades (from 1985-2019) and looks at 628 species of animals, plants and fungi across all terrestrial and most maritime realms on earth.

Two-thirds of the populations analysed are declining in genetic diversity but conservation efforts designed to improve environmental conditions, grow populations and introduce new individuals for breeding -- for example habitat restoration and animal translocations -- are sustaining, and in some cases increasing, genetic diversity in populations.

Associate Professor Grueber said: "There is no getting around the fact that biodiversity is declining at unprecedented rates across the globe -- but there are glimmers of hope. The action of conservationists is reversing these losses and helping to create genetically diverse populations that can better meet the challenges of the future."

The team of scientists used innovations in genetic analysis to gain new insights from studies carried out decades ago. Creating a common measurement scale, they were able to make comparisons between studies, even when they used different methodologies and collected genetic data in different ways.

"This kind of comprehensive global study would not have been possible even 10 years ago," Associate Professor Grueber said.




"Advances in genetics and statistics have given us new tools that mean we can continue to learn from studies long after they were carried out -- a huge benefit when we are looking at populations and trends on a global scale."

Conservation efforts that could improve or maintain genetic diversity include translocations -- where animals are moved between populations to benefit a species or ecosystem -- habitat restoration, population control -- where some individuals are removed to improve conditions for those that remain -- and controlling feral or pest species.

Successes include the reintroduction of the golden bandicoot into areas in Western Australia, the release of arctic foxes from captive breeding programs in Scandinavia, translocation of greater prairie chickens into existing populations in North America, and the effective treatment of disease within black-tailed prairie dog populations, which has improved the health of colonies in north-central Montana in the US.

The authors hope the findings will encourage more conservation efforts and lead to increased protections for populations that are currently not managed.

Co-first author, Dr Robyn Shaw from the University of Canberra, said: "Despite successes, we can't be complacent. Two-thirds of the populations analysed are facing threats, and among these populations less than half received any kind of conservation management. It's vital that we learn from what is working so that we can protect species in the long-term."

Case study animals

Further information about the species mentioned in the study, which have seen an increase in genetic diversity thanks to conservation actions. More examples are available from researchers.
    	Golden bandicoot (Isoodon auratus): an Australian threatened species, where genetic diversity was successfully maintained when establishing new populations in Western Australia.
    	Scandinavian arctic fox (Vulpes lagopus): the species has seen huge declines due to the fur trade. It now has smaller population sizes and faces competition from red foxes, among other threats. A range of conservation actions are being used, including supplementary feeding, the removal of red foxes and release of arctic foxes from captive breeding programs. These efforts have seen the maintenance of -- and in some cases an increase in -- genetic diversity, helping the population size to grow.
    	Black-tailed prairie dog (Cynomys ludovicianus): in the wild this species suffers from plague, which is spread by fleas. By dusting prairie dog burrows with an insecticide to control fleas, conservationists observed an improved gene flow and an increase in genetic diversity, improving the outlook for the population.
    	Greater prairie chicken (Tympanuchus cupido pinnatus): conservation efforts to translocate animals amongst sites and restore habitat have increased genetic diversity and reduced inbreeding, improving the prospects for these populations.
    	Hine's emerald dragonfly (Somatochlora hineana): an endangered US species which has declined and become fragmented due to habitat loss. Ongoing intensive management efforts to maintain habitat and reconnect habitat patches are helping the species maintain genetic diversity and are expected to help population sizes to grow.
    	Dusky gopher frog (Lithobates sevosus): a critically endangered species from Mississippi, which has very small population and low genetic diversity. These are increasing thanks to conservation efforts, such as "headstarting" (growing tadpoles in tanks), as well as managing wetlands and fire risks within the landscape.
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Discovery of a unique drainage and irrigation system that gave way to the 'Neolithic Revolution' in the Amazon | ScienceDaily
A pre-Columbian society in the Amazon developed a sophisticated agricultural engineering system that allowed them to produce maize throughout the year, according to a recent discovery by a team of researchers from the Institute of Environmental Science and Technology (ICTA-UAB) and the Department of Prehistory at the Universitat Autonoma de Barcelona, (Spain); the Universities of Exeter, Nottingham, Oxford, Reading and Southampton (UK); the University of Sao Paulo (Brazil) and Bolivian collaborators. This finding contradicts previous theories that dismissed the possibility of intensive monoculture agriculture in the region.


						
The study, published today in the journal Nature, describes how the pre-Hispanic Casarabe society of the Llanos de Moxos in Bolivia designed and implemented an innovative landscape engineering system, including the construction of extensive drainage canals and farm ponds. This advancement allowed the transformation of flooded tropical savannahs into highly productive fields, thereby driving the development of the "Neolithic Revolution" in the Amazon, understood as the process towards an economy based on grain production.

This region, inhabited by the Casarabe people between 500 and 1400 A.D., is a tropical lowland savannah marked by intense rainy seasons and flooding, as well as very dry seasons. The discovery, led by Umberto Lombardo, an environmental archaeologist at the UAB, has identified a unique agricultural infrastructure previously undocumented anywhere else in the world.. This system enabled them to drain excess water from flooded fields during the rainy season, facilitating agricultural productivity. In addition to the drainage canals, the Casarabe people constructed clusters of farm ponds that served as water reservoirs. These ponds enabled pot-irrigation, allowing maize cultivation to continue throughout the dry season.

This dual water management system enabled at least two harvests of maize per year, ensuring a stable food supply year-round, which was essential for sustaining a relatively large population. "This intensive agricultural strategy indicates that maize was not only cultivated but was likely the staple crop of the Casarabe culture," explains Lombardo.

This agricultural model did not rely on traditional slash-and-burn techniques used to create fertile fields. Instead, the Casarabe people preserved nearby forests for other purposes, such as obtaining firewood and medicinal plants, while implementing practices that maximized the efficient use of water and soil in the seasonally flooded savannas.

These conclusions were made possible through meticulous fieldwork combining techniques such as microbotanical analysis, remote sensing, and environmental archaeology. The analysis of 178 phytolith (plant microfossils) and pollen samples from a farm pond confirmed the presence of maize in the fields and the crucial role of maize monoculture in the diet of this pre-Columbian society. "The data shows the absence of other types of crops," Lombardo adds.

"We can document that this is the first grain-based agrarian economy in the Amazon, where until now it was believed that agriculture was based on agroforestry polyculture and not on large-scale monocultures. Now we know that this was not the case in Llanos de Moxos," says Lombardo, who asserts that this innovative piece of engineering allowed for the transformation of a challenging environment into a productive system that ensured food stability and supported the development of a growing population.

The research not only sheds light on the technological capabilities of pre-Columbian civilizations but also offers valuable lessons for modern agricultural sustainability. This discovery is a testament to the ingenuity and adaptability of the Casarabe people, who thrived due to their ability to design long-term sustainable agricultural solutions in an adverse environment.
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Research contrasts drought sensitivity of Eurasian and North American grasslands | ScienceDaily
Grasslands in Asia and North America differ in their responses to drought, according to a new paper in the journal Nature led by faculty at Colorado State University. The findings show that differences in the dominant grasses and lower species diversity in the Eurasian Steppe grasslands may make it more vulnerable to drought than the North American Great Plains.


						
The findings have broad implications for land management practices on both continents and provide a valuable comparison point that was not previously available when addressing climate change.

The work at CSU was led by Professors Melinda Smith and University Distinguished Professor Alan Knapp in the Department of Biology. Smith said the multi-year project was built through ongoing collaboration with researchers in China, including first author and Smith's former postdoctoral researcher at CSU, Qiang Yu. Together, the team established six sites on each continent and imposed extreme drought conditions over a four-year period. They found the Eurasian grasslands saw a 43% reduction in annual productivity -- plant growth each year -- compared to just a 25% reduction in North America under the same conditions.

Smith said the findings also show that the negative effects of drought in Eurasia increased over time. Meanwhile, the North American system was able to stabilize in the second year of the experiment. The paper explores that difference, specifically considering how plant diversity impacted each region's ability to cope with prolonged extreme droughts.

Smith said the research shows the difference may be linked to the overall number of uncommon, subordinate plant species in each region. These species make up the bulk of plant diversity there and contribute to overall productivity -- even as primary species struggle to do so in drought conditions. The findings show these key subordinate species declined in Eurasian grasslands during drought conditions but increased in North America -- potentially stabilizing production losses there over time.

"Particularly in North America, we show that subordinate species seem to be minimizing losses and picking up the slack in a way that is not happening in Eurasia where there is less species richness," she said. "These species' ability to step up -- possibly, due to drought tolerance developed over time -- provides a unique perspective on these two vast grassland regions and how they function in these conditions."

The two regions also support different types of dominant grass species. The Eurasian grasslands are primarily suited to supporting C3 grasses, like wheat, that prefer cooler and wetter conditions, while C4 grasses, like corn, flourish in the warmer American Midwest. That allows for interesting comparisons related to agriculture and management practices under drought conditions, said Knapp.




"In general, C4 plants have more efficient photosynthetic pathways and are more productive with less water than C3 plants. Such differences may be especially important when trying to understand how productivity will change with increasingly more severe droughts," Knapp said.

Plant productivity is a fundamental component of the global carbon cycle. That is because plant photosynthesis is the primary way that atmospheric carbon, as carbon dioxide, enters ecosystems and is made available for consumption by animals and storage as biomass. Because grasslands cover 40% of the Earth's surface, they play a large role in balancing and facilitating carbon uptake and sequestration globally.

Smith said understanding how these similar, yet differing biomes contribute to that process has proven difficult in the past. That is because researchers around the globe struggled to standardize experiments in a way that allowed for clear comparisons. This work directly addresses that need by developing a large-scale, coordinated, multi-year experiment at multiple sites. The 12 total test sites for the project are collectively known as the Extreme Drought Grasslands Experiment (EDGE) and were chosen because they represent a variety of grasslands located along precipitation gradients.

Smith said the work shows how vulnerable regions with lower species diversity can be to prolonged droughts. It also shows the need for management strategies that increase and maintain plant diversity to enhance resistance to extreme drought events under future climate change scenarios.

"Dryer grassland tends to be where a lot of cattle grazing happens and where many people live globally. They are also important when we consider how carbon is stored related to climate change," she said. "So, there is a real need to develop management strategies in these areas, as climate change is expected to increasingly impact them with extreme, prolonged droughts."
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Pairing old and new technologies could unlock advances in plankton science | ScienceDaily
Advances in technology -- such as microscopic imaging and molecular techniques -- have the potential to transform our understanding of global ocean health, according to the authors of a new study.


						
However, they should not be employed at the expense of long-term plankton monitoring programmes, which continue to provide an essential role in tracking how our seas are shifting in the face of a changing global climate and are essential for informing routine assessments of marine biodiversity required by international law

Writing in the journal Ocean and Coastal Management, scientists say novel techniques do offer means of collecting and analysing select types of plankton data more efficiently than traditional methods.

They also have the potential to fill knowledge gaps and generate more complete pictures of plankton dynamics, factors which have led to them being proposed as possible alternatives to current monitoring programmes.

However, the authors say that the old and new methods come with different advantages and costs, while their uses and benefits -- across marine management and scientific communities -- can actually complement each other.

As such, they believe more effective ways should be found for old and new programmes to integrate with each other, combined with greater efforts to retain the specialist taxonomic skills needed to accurately assess plankton species and diversity.

The research was developed by some of Europe's leading experts in plankton science, working at universities and government organisations in the UK, France, Sweden and the Netherlands.




Many of them are directly involved in long-term monitoring programmes that have been running for more than six decades, and the development of new monitoring technologies, as well as advising on the management of our ocean and seas.

Dr Matthew Holland, Research Fellow at the University of Plymouth and the study's lead author, said: "Plankton support the entire marine food web and generate much of the oxygen we breathe. As such, we need to generate any information possible to ensure we know of changes in plankton communities and the impacts they could have on commercial fish stocks, sea birds, and the general health of the planet. There are amazing technologies coming on stream that can help with that -- but existing monitoring has provided us with hugely valuable insights over the past six decades, and remains essential in tracking long-term changes in ocean health."

The new study has been published at a time when there is growing global appreciation of plankton.

In September 2024, the Ocean Stewardship Coalition -- an initiative of the UN Global Compact -- launched a global Plankton Manifesto, which sought to emphasise the critical role of plankton in addressing the interlinked global crises of climate change, pollution, and biodiversity loss.

Dr Abigail McQuatters-Gollop, Associate Professor of Marine Conservation at the University of Plymouth and one of 30 international scientists to work on the Plankton Manifesto, is senior author on the new study. She added: "Plankton data are integral for understanding changes in our ocean. The new technologies being developed for monitoring plankton are exciting, but it is critical they are integrated with standard methods, many of which use a simple net and have been in place for over a century. They rely on people with years of experience in plankton science and research, and it is only through combining this human component with the monitoring methods that we can fully understand the implications of plankton change for marine ecosystems."
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Exploring mysteries of Asteroid Bennu | ScienceDaily
During the past year, there's been an unusual set of samples at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab): material gathered from the 4.5-billion-year-old asteroid Bennu when it was roughly 200 million miles from Earth.


						
Berkeley Lab is one of more than 40 institutions investigating Bennu's chemical makeup to better understand how our solar system and planets evolved. In a new study published today in the journal Nature, researchers found evidence that Bennu comes from an ancient wet world, with some material from the coldest regions of the solar system, likely beyond the orbit of Saturn.

The asteroid contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago. Brines could be a productive broth for cooking up some of the key ingredients of life, and the same type of minerals are found in dried-up lake beds on Earth (such as Searles Lake in California) and have been observed on Jupiter's moon Europa and Saturn's moon Enceladus.

"It's an amazing privilege to be able to study asteroid material, direct from space," said Matthew Marcus, a Berkeley Lab scientist who runs the Advanced Light Source (ALS) beamline where some of the samples were studied and who wrote one of the programs used to analyze their chemical composition. "We have highly specialized instruments that can tell us what Bennu is made of and help reveal its history."

The samples from Bennu were gathered by NASA's OSIRIS-REx mission, the first U.S. mission to return samples from an asteroid. The mission returned nearly 122 grams of material from Bennu -- the largest sample ever captured in space and returned to Earth from an extraterrestrial body beyond the Moon.

Marcus teamed up with Scott Sandford from NASA Ames Research Center and Zack Gainsforth from the UC Berkeley Space Sciences Laboratory to study the Bennu sample using scanning transmission X-ray microscopy (STXM) at the ALS. By varying the energy of the X-rays, they were able to determine the presence (or absence) of specific chemical bonds at the nanometer scale and map out the different chemicals found in the asteroid. The science team discovered that some of the last salts to evaporate from the brine were mixed into the rock at the finest levels.

"This sort of information provides us with important clues about the processes, environments, and timing that formed the samples," Sandford said. "Understanding these samples is important, since they represent the types of materials that were likely seeded on the surface of the early Earth and may have played a role in the origins and early evolution of life."

At Berkeley Lab's Molecular Foundry, researchers used a beam of electrons to image the same Bennu samples with transmission electron microscopy (TEM). The Foundry also helped prepare the samples for the experiments run at the ALS. Experts used an ion beam to carve out microscopic sections of the material that are about a thousand times thinner than a sheet of paper.




"Being able to examine the same exact atoms using both STXM and TEM removed many of the uncertainties in interpreting our data," Gainsforth said. "We were able to confirm that we really were seeing a ubiquitous phase formed by evaporation. It took a lot of work to get Bennu to give up its secrets, but we are delighted with the final result."

This is not the first time the ALS and Molecular Foundry have studied material from space. Researchers also used the two facilities to investigate samples from the asteroid Ryugu, building up our understanding of our early solar system. And there's still more to come, with additional studies of Bennu at both the STXM and infrared beamlines at the ALS planned for the coming year.

Berkeley Lab researchers also contributed to a second paper published today in Nature Astronomy that analyzed organic materials found on the asteroid. Within the Bennu sample, the science team identified 14 of the 20 amino acids that life on Earth uses to build proteins. They also found all five nucleobases, the ring-shaped molecules that form DNA and RNA, as well as ammonia, which on Earth might have helped spark the emergence of early life.

The results support the idea that asteroids like Bennu may have delivered water and essential chemical building blocks of life to Earth in the distant past. Based on the similarities between asteroid Bennu and the icy dwarf planets and moons of our outer solar system, these potential ingredients for life could be widespread.
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Relative of deadly Hendra virus found in the US | ScienceDaily
Researchers at the University of Queensland have identified the first henipavirus in North America.


						
Dr Rhys Parry from the School of Chemistry and Molecular Biosciences said Camp Hill virus was confirmed in shrews in the US state of Alabama.

"Henipaviruses have caused serious disease and death in people and animals in other regions," Dr Parry said

"One of the most dangerous is the Hendra virus, which was first detected in Brisbane, Australia and has a fatality rate of 70 per cent.

"Another example is Nipah virus which has recorded fatality rates between 40 and 75 per cent in outbreaks in Southeast Asia, including in Malaysia and Bangladesh.

"The discovery of a henipavirus in North America is highly significant, as it suggests these viruses may be more globally distributed than previously thought."

Camp Hill virus was found in northern short-tailed shrews, a small mammal with wide distribution across Canada and the US.




Dr Parry said more research was needed to understand if it was a threat to people.

"The closest known henipavirus to Camp Hill virus that has caused disease in humans is Langya virus, which crossed from shrews to humans in China," Dr Parry said.

"This indicates that shrew-to-human transmission can occur."

Co-author Dr Ariel Isaacs said developing vaccines for the virus family was a focus for UQ researchers.

"The next step for this work is to characterise key surface proteins on the virus that are involved in cell entry to broaden our understanding of the virus family and identify better ways to protect against it," Dr Isaacs said.

The research was completed with help from UQ's Dr Naphak Modhiran and Professor Daniel Watterson, along with members of the Professor Wendy R. Hood lab at Auburn University and members of the Professor Vera Gorbunova and Professor Andrei Seluanov Laboratory at the University of Rochester.
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Moderate exercise keeps appetite at bay | ScienceDaily
A recent study involving researchers at Murdoch University's Health Futures Institute has revealed that moderate-intensity exercise can significantly influence appetite-related hormones and perceptions in males with obesity.


						
The study, titled "Acute effect of exercise on appetite-related factors in males with obesity," provides new insights into how exercise can aid appetite control and weight management.

One of the study authors, Associate Professor Timothy Fairchild from Murdoch's School of Allied Health, said the study confirms their previous work showing the benefits of incorporating regular exercise into daily routines for individuals looking to manage their weight and improve their overall health.

"People understand that exercise helps 'burn energy'. A lot of people assume that exercise also increases hunger and energy intake afterwards," Associate Professor Timothy Fairchild said.

"We have previously shown, using high-intensity exercise, that this is not the case.

"This latest study shows that even moderate-intensity exercise can have immediate and beneficial effects on appetite control in males with obesity."

The study not only assessed food intake and appetite, but also measured changes in hormones which help to regulate appetite.

"Despite a strong focus on weight loss drugs in society at present, this study shows that lifestyle factors still have a strong and relevant role in helping people to live their healthiest life," Associate Professor Fairchild said.

"In fact, the hormones which have been shown to increase after exercise, are the same hormones which the most successful weight loss drugs are mimicking."

"The added benefit of exercise is that you also receive the additional physical and mental health benefits of exercise."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128221115.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Microbial therapy offers new hope for vitiligo patients | ScienceDaily
A natural compound derived from gut-friendly bacteria significantly slows the progression of vitiligo and may restore pigmentation, reports a new Northwestern University pre-clinical study in mice.


						
The findings could offer hope to millions affected by the autoimmune disease, which causes visible patches of skin discoloration and carries profound emotional and physical consequences.

"The results in our model were astonishing," said senior study author I. Caroline Le Poole, a professor of dermatology and microbiology-immunology at Northwestern University Feinberg School of Medicine.

"We found that administering a microbial compound weekly to vitiligo-prone mice significantly suppressed disease progression. It made a spectacular difference in an aggressive model of the disease."

The study was recently published in the Journal of Investigative Dermatology.

How the study was conducted

Le Poole and her colleagues administered a microbial product weekly to vitiligo-prone mice over an 18-week period. By the end, pigment loss on the mice's backs was reduced by 74%.




The product reduced killer T cells that attack the skin's pigment and increased protective regulatory T cells, which are typically scarce in vitiligo patients.

"This simple microbial compound could work as a standalone therapy, or in synergy with existing treatments," Le Poole said.

Existing therapy has limitations

In 2022, the FDA approved the first re-pigmentation therapy for vitiligo: Opzelura (ruxolitinib) cream. Clinical trials found that only 30% of patients using the cream regained 75% or more skin re-pigmentation on the face.

"Our findings about the effectiveness of microbial therapy could give hope to patients who are not well-served by existing treatments," Le Poole said.

Vitiligo is more severe in patients with darker skin

Vitiligo affects 0.5% to 2% of the global population and is linked to other health challenges, including higher risks of cardiovascular disease, psychological distress and endocrine disorders.




Discoloration often appears on the face, scalp, hands and arms, as well as around body openings like the mouth and genitals. Many individuals with vitiligo also have at least one other autoimmune condition.

Le Poole, who has spent more than 30 years studying vitiligo, said the disease has been found to be more severe in people with darker skin tones. The visibility of the discoloration in people with darker skin can also amplify stigma and emotional distress.

"Patients often feel powerless as they watch their disease progress, unsure how they will look next month," Le Poole said. "For many, stabilizing the disease would be life changing."

While the disease can affect self-esteem -- particularly for adolescents navigating social pressures -- some people embrace it.

"We've seen beautiful models with vitiligo challenging societal norms, and that's wonderful," Le Poole added. "But for those who want treatment, it's important to provide real options that can halt disease progression."

Next steps

The next challenge is adapting the microbial product for human use. "Weekly injections could work, but we need to explore simpler options, like a food additive or ointment," said Le Poole. "We also need to understand how long the effects last and the best timing for treatment."

Le Poole added that the same microbial compound she and her colleagues injected in mice could potentially treat other autoimmune conditions, particularly those involving killer T cells in the skin.

"Our next step is collaborating with scientists from several institutions to refine the compound, understand its mechanisms and determine whether it works alongside existing treatments for auto-immune disease."

Le Poole's lab is located in the Robert H. Lurie Comprehensive Cancer Center at Northwestern University.
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New clues to the mechanism behind food tolerance and allergies | ScienceDaily
With every bite of food we take, our intestinal immune system must make a big decision. Tasked with defending us from foreign pathogens, these exquisitely sensitive cells somehow distinguish friend from foe -- destroying invaders while tolerating food and helpful bacteria. How the gut separates the good from the bad has long puzzled scientists.


						
Now, new research identifies specific gut cell types that communicate with T cells -- prompting them to tolerate, attack, or simply ignore -- and explains how these opposing responses are triggered. The findings, published in Science, give scientists a new understanding of how the intestinal immune system keeps the gut in balance, and may ultimately shed light on the root causes and mechanisms of food allergies and intestinal diseases.

"The big question is, how do we survive eating?" says lead author Maria C.C. Canesso, a postdoctoral fellow in the laboratories of Daniel Mucida and Gabriel D. Victora. "Why do our bodies normally tolerate food, and what goes wrong when we develop food allergies?"

Gut decisions

The intestinal immune system is complicated machinery. Tolerance to food begins with antigen presenting cells, or APCs, instructing T cells to stand down. This signal gives rise to pTregs, a special type of T cell that calms the immune response to food particles, and kicks off a cascade of activity involving additional immune cells that reinforce the message. But without knowing which specific APCs run the show, it's difficult to tease out the ins and outs of the body's eventual tolerance to food and intolerance to pathogens.

"There are so many types of antigen-presenting cells," Canesso says. "Pinpointing which ones are doing what is a longstanding technical challenge."

She began exploring this conundrum as a PhD student in the Mucida lab, which focuses on how the intestine balances defense with tolerance. During her postdoc, Canesso also joined the Victora lab, which developed a technology known as LIPSTIC that helps scientists catalogue cell-to-cell interactions, particularly among immune cells.




"The technological advances made by the Victora lab allowed us to understand immune cell dynamics that would not have been possible using existing tools," says Mucida, head of the Laboratory of Mucosal Immunology.

After optimizing LIPSTIC for the task, Canesso and colleagues succeeded in pinpointing those APCs that promote tolerance -- a process primarily handled by two types: cDC1s and Rorgt+ APCs. These cells capture dietary antigens from ingested food and present them to T cells, giving rise to the pTregs that ensure food tolerance.

"When we first developed LIPSTIC, we were aiming to specifically measure the interactions between B and T cells that promote antibody responses to vaccines," says Victora, head of the Laboratory of Lymphocyte Dynamics. "It was to Maria's credit that she was able to adapt this to settings so different from those it was originally intended for."

They also uncovered how infections of the intestines can cause interference, demonstrating in mice that the parasitic worm Strongyloides venezuelensis shifts the balance away from tolerance promoting APCs and toward those that promote inflammation. Indeed, mice infected with this worm during a first exposure to a dietary protein display reduced tolerance towards this protein, and signs of allergy when challenged.

Finally, the team characterized the molecular signals underpinning these immune shifts, identifying key cytokines and pathways that influence how APCs present antigens and modulate immune responses. For example, the infection induced a surge in pro-inflammatory cytokines such as IL-6 and IL-12, which have been shown to nudge APC activity toward inflammatory outcomes. This inflammatory environment appears to override the immune system's tolerance mechanisms. "The worm infection induces this an expansion of non-tolerogenic APCs that help deal with the infection, outnumbering the tolerance-related APCs," Canesso says.

From food to food allergies

Together, the findings illuminate how the immune system maintains food tolerance and, in the case of parasitic infections, highlights the specific immune mechanisms that can go awry. "It's important to note that our findings do not suggest that worm infections trigger food allergies," clarifies Mucida, head of the Laboratory of Mucosal Immunology. "They reduce tolerance mechanisms while the immune response focuses on dealing with the worms."

While these findings aren't directly relevant to food allergies, they do lay some groundwork for further investigation into food intolerance. "If food allergies are derived from dysregulation on intestinal APCs inducing tolerance and protective responses to infections, perhaps we could one day modulate those APCs specifically to prevent food allergies," Canesso says.

Next up, Canesso plans to shift her focus toward early life, exploring how maternal-neonatal interactions shape food intolerance. "Most allergies develop early in life," she says. "I want to focus on how breast milk and maternal exposure to dietary antigens may influence a baby's immune system, potentially shaping their risk of developing food allergies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128162832.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Air pollution inequities linked to industrial swine facilities are detectable from space | ScienceDaily
A groundbreaking study led by University of Virginia researchers has used satellite measurements to show the long-term persistence of air pollution inequalities tied to industrialized swine facilities in Eastern North Carolina. Using satellite data spanning a 15-year period from 2008-2023, the study quantifies disparities in ammonia (NH3) -- an air pollutant emitted by swine operations -- for Black, Hispanic and Indigenous communities. These inequalities, exacerbated by hot and calm weather conditions, extend for multiple kilometers beyond the immediate vicinity of the facilities, highlighting the widespread impact of this environmental issue.


						
The study, published in the American Chemical Society journal Environmental Science & Technology by Sally Pusede and her team in the Department of Environmental Sciences at UVA, uses data from the Infrared Atmospheric Sounding Interferometer (IASI) aboard multiple polar-orbiting satellites. By analyzing NH3 levels in the atmosphere, UVA researchers were able to show that emissions from industrial swine operations result in systematic environmental inequalities.

Among the study's key findings were that air pollution inequalities can be measured from space. Satellite data analyzed by the research team revealed that NH3 levels were significantly higher in areas with dense populations of Black, Hispanic and Indigenous residents. Compared to non-Hispanic white populations, NH3 concentrations were on average 27% higher for Black communities, 35% higher for Hispanic communities and 49% higher for Indigenous communities during the years 2016-2021.

The study also finds that calm and hot weather conditions amplify these disparities, as low wind speeds reduce pollutant dispersion from swine facilities and because higher temperatures increase NH3 emissions through the evaporation of NH3 both at and downwind of swine facilities. On calm days, NH3 inequalities for Indigenous communities were more than twice as severe as on windy days, while hot days intensified NH3 exposures for Black and Hispanic populations.

Elevated NH3 concentrations were also observed several kilometers downwind of swine feeding operations under calm and hot weather conditions, confirming that the environmental impacts of these operations reach far beyond their immediate surroundings. This challenges claims that only those living very near facilities experience adverse effects.

Analysis of NH3 satellite data over a 15-year period, from 2008 to 2023, shows that disparities in NH3 concentrations have not lessened over time, underscoring the long-term nature of the issue.

The study highlights the role of industrial agriculture in perpetuating environmental racism, with communities of color bearing the brunt of air pollution linked to swine operations. These findings come amid ongoing debates about air quality regulations and the lack of federal standards for NH3, which is not currently covered by the Environmental Protection Agency's National Ambient Air Quality Standards.

"The satellite ammonia measurements are independent, observational evidence of inequalities in the air pollution impacts of industrial swine operations across Eastern North Carolina," Pusede said. "The satellite measurements are consistent with residents' claims of unfair and unaddressed air quality issues and highlight the urgent need for regulatory action."
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Cell death and aging in cancer research review | ScienceDaily
Aging cells secrete substances known to promote the growth of cancer cells. The development of drugs that can selectively kill these cells or inhibit the secretion of substances is ongoing. The latest findings on the interaction between cell death and cellular senescence in cancer and their pathophysiological significance have been reviewed by a team from Osaka Metropolitan University's Graduate School of Medicine and Harvard Medical School.


						
Lecturer Kouhei Shimizu and Professor Fuminori Tokunaga of OMU and Dr. Hiroyuki Inuzuka of Harvard Medical School outlined the molecular mechanisms of various types of cell death and the changes in their regulatory factors that occur with age.

Since senescent cells often have resistance to apoptosis, the best characterized programmed cell death, the removal of this resistance has been a major goal of senescent cell removal therapy. On the other hand, it is not yet known how the relatively new types of inflammatory programmed cell death, such as necroptosis, pyroptosis, and ferroptosis, the molecular mechanisms of which have been rapidly elucidated in recent years, are regulated in senescent cells.

There are also many questions about whether therapies such as senescent cell removal therapy and senomorphics -- drugs that only target the harmful senescence-associated secretory phenotype without killing the senescent cells -- can be applied to these new types of programmed cell death, and there is little understanding of these either.

"In the last decade, the emerging field of cell death research has developed dramatically, but the relationship with cellular senescence is still undefined," Dr. Shimizu stated. "Various types of cell death are thought to have great potential as targets for the prevention and treatment of cancer and age-related diseases. We hope this review will accelerate the elucidation of cell death that is effective against senescent cells and the development of methods to inhibit the secretion of harmful substances."

The findings were published in Seminars in Cancer Biology.
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Complexity of tree-planting schemes | ScienceDaily
Research with smallholder farmers in Kenya shows that tree-planting schemes must account for complex local issues and preferences.


						
Tree planting is central to many countries' climate mitigation and biodiversity conservation goals, and Kenya alone plans to plant 15 billion trees by 2032.

Adding trees and shrubs to farmland (called agroforestry) can boost biodiversity, carbon storage, soil health, food production and income. But many tree-planting schemes overlook diversity and promote a narrow range of species.

The new study -- led by the University of Exeter -- examined the factors that enable or prevent Kenyan smallholders from increasing the diversity of trees and shrubs on their land.

"In Sub-Saharan Africa, where most food is produced on small farms, many countries are promoting agroforestry to address climate change and protect biodiversity," said Ennia Bosshard, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"Farmers play a crucial role in this effort as guardians of the land and trees, making it important to understand their decision-making regarding tree growing."

The researchers interviewed 620 smallholder farmers in the Kakamega forest landscape in Western Kenya.




"Key factors in their decision-making included past experiences, the influence of other farmers, and the perceived ability to grow different tree species," Bosshard continued.

Kenyan farmers in the study were generally positive about increasing the diversity of trees on their farms diversifying trees -- but the study identified several barriers.

Farmers were worried about negative consequences such as the risk of attracting harmful wildlife and harming the soil, farms being too small, lacking time and knowledge, and following local beliefs about trees.

Bosshard added: "We found that certain farmers were more likely to increase the tree and shrub diversity on their farms, especially if they had higher education (such as a university degree or a diploma), were heads of their households, had higher income, or relied fully on farming for their livelihoods."

To promote agroforestry that benefits people, nature and the climate, policies should address these barriers and support enabling factors raised by the farmers.

And a similar approach could be used around the world, ensuring that decision-making takes account of local factors.

The study was supported by the One CGIAR Nature+ initiative.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128124310.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ocean-surface warming four times faster now than late-1980s | ScienceDaily
The rate of ocean warming has more than quadrupled over the past four decades, a new study has shown.


						
Ocean temperatures were rising at about 0.06 degrees Celsius per decade in the late 1980s, but are now increasing at 0.27 degrees Celsius per decade.

Published today (Tuesday, 28 January 2025) in Environmental Research Letters, the study helps explain why 2023 and early 2024 saw unprecedented ocean temperatures.

Professor Chris Merchant, lead author at the University of Reading, said: "If the oceans were a bathtub of water, then in the 1980s, the hot tap was running slowly, warming up the water by just a fraction of a degree each decade. But now the hot tap is running much faster, and the warming has picked up speed. The way to slow down that warming is to start closing off the hot tap, by cutting global carbon emissions and moving towards net-zero."

Energy imbalance 

This accelerating ocean warming is driven by the Earth's growing energy imbalance -- whereby more energy from the Sun is being absorbed in the Earth system than is escaping back to space. This imbalance has roughly doubled since 2010, in part due to increasing greenhouse gas concentrations, and because the Earth is now reflecting less sunlight to space than before.

Global ocean temperatures hit record highs for 450 days straight in 2023 and early 2024. Some of this warmth came from El Nino, a natural warming event in the Pacific. When scientists compared it to a similar El Nino in 2015-16, they found that the rest of the record warmth is explained by the sea surface warming up faster in the past 10 years than in earlier decades. 44% of the record warmth was attributable to the oceans absorbing heat at an accelerating rate.

Expect more warming 

The findings show that the overall rate of global ocean warming observed over recent decades is not an accurate guide to what happens next: it is plausible that the ocean temperature increase seen over the past 40 years will be exceeded in just the next 20 years. Because the surface oceans set the pace for global warming, this matters for the climate as a whole. This accelerating warming underscores the urgency of reducing fossil fuel burning to prevent even more rapid temperature increases in the future and to begin to stabilise the climate.
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Damage caused to crops by barnacle geese can be mitigated with designated set-aside and repelling fields | ScienceDaily
A team of researchers from the University of Turku and the Natural Resources Institute Finland examined the foraging behaviour of barnacle geese in Northern Karelia, Finland. In this region, geese feeding on agricultural fields cause large economic damage to farms. The researchers' findings suggest that the combined use of areas where geese are not disturbed and no-go areas where geese are repelled from fields can help to mitigate the damage to crops as well as the local human-wildlife conflict.


						
In Finland, barnacle geese are responsible for most of the agricultural damage caused by protected species, and Finnish government pays annually up to EU4 million in compensation to farmers.

"Most of these compensations were paid to farmers in Northern and Southern Karelia, an important region in Finland for dairy farming, reflecting the local intensity of this human-wildlife conflict. We need effective strategies to proactively mitigate the conflict and methods to minimise the damage," says Professor Jukka Forsman from the Natural Resources Institute Finland.

One possible solution is establishing accommodation fields where some areas are devoted to geese and others are no-go areas where the geese are repelled. The idea is to centralise geese and damage to certain areas and protect important crops elsewhere. The accommodation and repelling fields are selected jointly by farmers and authorities.

In this study, fields were designated into three groups: normal crop fields where no goose management took place, accommodation fields, and repelling fields. Geese were trapped and equipped with GPS transmitters that allowed for following their habitat use.

The results suggest that in several different feeding contexts, individual barnacle geese prefer feeding on accommodation fields, compared to the other types of fields. Furthermore, the repelling fields were used less than expected, suggesting that the repelling effectively decreases the number of foraging geese.

"The impact of accommodation fields on the distribution of foraging geese has usually been estimated as the number of observed geese or costs of damage. However, so far, we haven't known about one of the most important pieces in the puzzle: the individual behaviour of geese in the network of accommodation fields, repelling fields and other fields," says Professor Toni Laaksonen from the University of Turku.

"In order to mitigate this human-wildlife conflict with the help of the accommodation field concept, the knowledge of local farmers is invaluable," says Dr Martin Seltmann from the University of Turku, the lead-author of the study. "Accommodation and repelling fields were established on areas that were known to have a long history of high foraging pressure by barnacle geese."

Hence, the researchers suggest that using stakeholder knowledge and the coordinated use of well-designed accommodation and repelling fields can help farmers to proactively prepare for goose damage and to mitigate the costs of goose foraging.
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Keeping the steps of cell division in line | ScienceDaily
Cell division is key for life. Every organism -- from the smallest yeast to complex human beings -- depends upon the constant reproduction of individual cells. In this process, various mechanisms ensure that all of the steps are completed in the correct order and that no errors are incorporated into new cells. This is important because such errors can, for example, cause tumours to form. A research team at the University of Konstanz led by biologist Thomas Mayer has now discovered that one of these control mechanisms is guided by a small binding-pocket that helps cyclins from the B type to dock onto substrates and thus significantly impacts the correct sequence of cell division events.


						
The correct sequence of events is key

During cell division, it is important that the many individual steps always occur in exactly the same order. If this does not happen, it results in malformations. Depending on the cell involved and the step in the process, this can, for example, lead to the formation of tumours or to infertility. "In two studies, we tested whether the docking site on cyclin B -- a type of pocket -- contributes to the correct sequence of events and, if so, what effects it has," Mayer says. "By making targeted changes to this docking site, we were able to demonstrate that malformations occur during cell division when the pocket loses its shape and can no longer dock onto the substrate."

The reason for this lies in the cyclins' cooperation with a kinase. Kinases are responsible for phosphorylating amino acids in substrates -- a key process for cell division. Another important factor for the process is that the environment of the amino acids has a significant influence on how well phosphorylation takes place. If the kinase floats freely in the cell, it mainly phosphorylates amino acids that are in an ideal environment. "However, if cyclin B docks onto substrates via its pocket, then the kinase 'piggybacks' into the spatial proximity of these substrates. This enables the kinase to also phosphorylate amino acids that are in a less ideal environment," Thomas Mayer explains. "Basically, the pocket of cyclin B functions like a Velcro fastener connecting the kinase and the substrate. This, in turn, contributes to the correct sequence of events in cell division," he adds.

No pocket = no correct cell division

The research team led by Thomas Mayer has now demonstrated this mechanism for two cyclins from the B group. Cyclin B1 is relevant in mitosis, a type of cell division. The researchers observed how cyclin B1 docks onto substrates with its pocket and influences the behaviour of the kinase as a result. "As a cross-check, we looked at what happens if the pocket on cyclin B1 is either missing or no longer fits. For this, we mutated the pocket and were able to observe that mitosis no longer proceeds correctly," Mayer explains. This can, for example, cause errors in the separation of chromosomes that result in mitosis proceeding either more slowly or incorrectly, which, in turn, can lead to the formation of tumours.

Cyclin B3, on the other hand, plays an important role in meiosis, another type of cell division. It is responsible for ensuring that meiotic division takes place correctly and that a healthy egg cell can develop. In the study, the process was intentionally disrupted by a change in the cyclin B3 pocket, which resulted in the egg cell not maturing. "A faulty pocket on cyclin B3 can therefore be one cause of infertility," Mayer concludes.

"Researchers already knew that such pockets exist on the cyclins of the B group. However, we have now been able to document, for the first time, how relevant it is for the correct sequence of events in cell division," Mayer says. This work lays the foundation for further research contributing to an ever better understanding of cellular processes and, as a result, to the more targeted treatment of illnesses.
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Plant-based substitute for fossil fuels developed for plastic foams | ScienceDaily
An environmentally-friendly preparation of plant material from pine could serve as a substitute for petroleum-based chemicals in polyurethane foams.


						
The innovation could lead to more environmentally friendly versions of foams used ubiquitously in products such as kitchen sponges, foam cushions, coatings, adhesives, packaging and insulation. The global market for polyurethane totaled more than $75 billion in 2022.

A Washington State University-led research team used an environmentally-friendly preparation of lignin as a substitute for 20% of the fossil fuel-based chemicals in the foam. The bio-based foam was as strong and flexible as typical polyurethane foam. They report on their work in the journal, ACS Sustainable Chemistry and Engineering.

"It's quite novel in terms of the material we generate and the process we have," said Xiao Zhang, corresponding author on the paper and professor in the Gene and Linda Voiland School of Chemical Engineering and Bioengineering. "Our extracted lignin offers a new class of renewable building blocks for the development of bio-based value-added products."

Petroleum-based plastic materials are an increasing waste problem. They take centuries to break down, but they are expensive and difficult to recycle, most often producing an inferior second-generation product. Because it costs more to recycle than to generate new plastic, the plastics recycling rate has consistently stayed below 20%, said Zhang.

"It's basically a no-win situation if you're using petroleum-based plastics," he said. "The ultimate solution is to replace them with naturally derived materials."

Lignin is the second most abundant renewable carbon source, making up about 30% of the non-fossil fuel-based carbon on Earth. It is also notoriously difficult to extract from plants. The material is usually separated during papermaking and biorefining, but these processes often contaminate and significantly alter its chemical and physical properties, decreasing its value. So most lignin is either burned to produce fuel and electricity or used in low-value products, such as for cement additives or as a binder in animal feed.




In their work, the researchers used a mild, environmentally friendly solvent to separate a high-quality lignin from pine. Compared to other lignin formulations, their formulation was homogenous with good thermal stability -- similar to native lignin. The structural homogeneity is important in being able to produce high-value products.

When they tested their formulation, their product was stable and performed as well mechanically as the conventional foams.

"This work demonstrates that our prepared lignin formulation has a great potential for generating flexible, bio-based polyurethane foams," said Zhang.

The interest in developing lignin-based polyurethane (PU) flexible foam work was also validated by industrial partners. Zhang's team will now work with the industrial partners to optimize and scale up lignin PU foam production.

The work was funded by the National Science Foundation's Industry-University Cooperative Research Center for Bioplastics and Biocomposites (CB2), the USDA National Institute of Food and Agriculture programs, and WSU's Office of Commercialization.
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Mapping Antarctica's hidden ice-free lands: a blueprint for conservation | ScienceDaily
Antarctica, often regarded as the planet's last true wilderness, harbours unique ecosystems that support extraordinary biodiversity and contribute to global diversity and environmental stability. These ecosystems, which occupy permanently ice-free land covering less than 0.5% of the continent, are now under growing threat from human activity and climate change.


						
Now, a team led by researchers at UNSW Sydney's Centre for Ecosystem Science has developed a high-resolution map and hierarchical classification system of Antarctica's ice-free lands, which can be seen in full in Scientific Data.

This new inventory categorizes Antarctica's ecosystems into nine Major Environment Units, 33 Habitat Complexes, and 269 Bioregional Ecosystem Types, providing an unprecedented level of detail. Together they are a groundbreaking resource that will help protect the biodiversity of Antarctica's ice-free lands.

Ice-free Antarctica

"Many people are surprised to learn that Antarctica has any permanently ice-free lands at all. And yet, these tiny habitat patches contain the vast majority of the continent's biodiversity," says lead author Dr Aniko B. Toth.

The ice-free lands are home to uniquely adapted flora including 'micro-forests' of lichens, moss and two flowering plants, Antarctic hairgrass and pearlwort. They also sustain a variety of mites and springtails (very tiny arthropods related to spiders and insects, respectively), tardigrades, nematodes and many algaes and microbes. Seabirds, including land-breeding penguins, petrels, gulls, skuas and albatrosses have established breeding colonies in these areas too.

As the climate changes and ice melts, the patches will likely become milder and less isolated, opening them up to colonisation by hardy species from lower latitudes.




"It's the opposite problem that many conventional ecosystems face today. Instead of fragmentation and loss of area, ice-free patches will become larger and more interconnected," says Dr Toth.

"This could completely change the dynamics and resident species of these ecosystems, whose distinctiveness is often founded on isolation."

A game changer for conservation

Senior author, Professor David Keith, says this typology and map represent a transformative leap forward in our understanding of Antarctic ecosystems.

"By integrating biophysical and biological data, we've created a robust framework to guide conservation efforts under the Antarctic Treaty System."

The classification aligns with the International Union for Conservation of Nature's (IUCN) Global Ecosystem Typology, placing Antarctica in a global context and highlighting the continent's critical role in sustaining planetary biodiversity. It will allow for systematic risk assessments, strategic placement of new protected areas, and effective monitoring of global conservation goals.




"The outcomes of the study bring new insights into the variety of Antarctica's terrestrial biodiversity, knowledge essential for its comprehensive conservation," says Steven Chown, the director of the Australian Research Council's special research initiative, Securing Antarctica's Environmental Future and a coauthor on the study.

Why now?

The research comes at a pivotal time when advances in geospatial technology and ecological data have made it possible to capture the complexity of Antarctic ecosystems.

"With climate change accelerating and human activity increasing, this framework is essential to prepare us for the consequences of accelerating Antarctic greening," says Dr Toth.

The classification and maps are critical foundations to inform and support management and conservation of the Antarctic region through the Protocol on Environmental Protection to the Antarctic Treaty System. This is particularly important as the review of the Protocol approaches. Even though it might seem like a long way into the future (2048), work like this, and the actions that it underpins, are essential in demonstrating how effective the Protocol can be in protecting Antarctica.

"Beyond conservation, the study provides a foundation for future ecological research, enabling comparisons across regions and insights into ecosystem responses to environmental change," says Dr Toth.

"It also establishes a common language for researchers and policymakers worldwide, fostering collaboration on preserving Earth's cryogenic environments."

The research, published as open access in Scientific Data with the data download freely available from the Australia Antarctic Data Centre, reflects years of collaboration among experts in ecology, remote sensing, and Antarctic science. It sets the stage for developing a Red List of Antarctic Ecosystems to pinpoint the continent's most threatened habitats and identify strategies to protect them.
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A mite-y use of electricity | ScienceDaily
Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity.


						
These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers, including Carlos Garcia-Robledo, associate professor in the Department of Ecology and Evolutionary Biology, are closer to answering these questions, and they published their results in PNAS.

Garcia-Robledo studies aspects of the evolutionary and life histories of organisms and how they respond to climate change, including this puzzling behavior.

"When hummingbirds visit multiple flowers, you usually see the mites going down their beaks only when they touch the first flower," says Garcia-Robledo. "I thought that was interesting and wondered why the mites were not going to the second or third flower."

For years, researchers have proposed that the mites use a smell signal, but after some experimentation to test this theory, Garcia-Robledo was not convinced.

"I knew that it was not maybe the smell that played a major role in this because if you bring the mites to a laboratory, they don't care much about smells of flowers and so on. I knew it had to be something else."

Then, after reading a story about research into how ticks are pulled onto clothing by static electricity, and a chance lunch meeting while working at the La Selva Research Station in Costa Rica, everything came together.




"I was reminded of the weird observation about the mites, and I thought maybe something electrostatic was happening there," he says. "These mites are so tiny that they live at another level of perception, so of course, even little electric fields are important for them. This could help explain the mystery of how they can be fast enough to hitchhike on this family of birds."

Just by chance, Garcia-Robledo was having lunch with friends and co-authors Konstantine Manser and Diego Dierick. Manser was at the time a Ph.D. student at the University of Bristol in the laboratory that produced the tick static research. Diego Dierick is a scientist at the Organization for Tropical Studies, and an electronics whiz collaborating in many projects at La Selva Research Station. Garcia-Robledo proposed they test his theory on the hitchhiking hummingbird flower mites.

"Diego and Kosta said that it was super easy and that we should try. We built the devices the next day and brought the first mite from a flower to test it. We turned on the device, and instantaneously, they started to respond. That's how we figured out that they were using static electricity," says Garcia-Robledo.

With that immediate success, the researchers were inspired to experiment further with a power source that only generated static electricity and test whether the mites were attracted to statics or the frequency that it was transmitting. They discovered that when the field was only static electricity, the mites did not respond, yet they did when the field was modulated.

"The mites respond to the bouncing of a signal that is associated with the size, geometry, and vibration of the hummingbirds, which reach frequencies between 20 and 160 Hz," Garcia-Robledo says.

As the hummingbirds beat their wings, they generate a charge, and their bodies become supercharged. So, just like how you may get a small static shock after walking across a room and touching a door handle, the first flower seems to be the one where mites have the electric potential to embark or disembark quickly.




In another experiment, Garcia-Robledo tested how the mites recognize very small positive electrical charges. He experimented with a very simple and effective device composed of a glass tube, and wire where the wire would be touched by either an aluminum or copper plate to generate a charge. The glass tube held the mite, and when the device was charged, the mites responded by running toward the positive pole at both higher and lower electrical fields, but only when it was transmitting a frequency of 120 Hz.

"You just charge the little arena, and then instantaneously, the mite is attracted only if you have this little bounce of the signal, and they go to the positive charge even if you have these super tiny charges. The little bounce the second that you touch, it is enough for them to know where to go, and they just go," says Garcia-Robledo.

Each of the 19 mite species at La Selva is attracted to specific set of flowers, and they somehow know when they have arrived at the right flower and that it's time to jump on or hop off their hummingbird shuttle.

"We think that there may be some specificity in the electric signals or different charges for flowers," says Garcia-Robledo. "That's one possibility. We found that there is a structure in the front legs that they used to perceive these electric charges and frequencies. The next step is that we have many of these mites, and they have different structures, and different species of mites have different structures in their legs. Potentially, they can detect different frequencies."

Besides signaling when to get off, these electric charges help the mites quickly board their speedy chaperones. Just like the study looking at how ticks hitch a statically charged ride onto clothing, the mites are pulled up from the flower to the hummingbird beaks via the bird's positive charge.

"When the mites are attracted by that electric field, we found they are one of the fastest terrestrial organisms for a few milliseconds," Garcia-Robledo says. "This is the most surprising thing because the mites were not just responding to electrostatics, they are responding to an actual signal generated by an organism. That was super surprising. This may be the first kind of like case where these organisms are using, at the same time, electricity to locate organisms that they are using for transportation, but also for transportation itself."
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First mouse with two male parents to reach adulthood | ScienceDaily
A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results, publishing on January 28, 2025, in the Cell Press journal Cell Stem Cell, describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.


						
Scientists have attempted to create bi-paternal mice before, but the embryos developed only to a certain point and then stopped growing. Here, the investigators, led by corresponding author Wei Li of the Chinese Academy of Sciences (CAS) in Beijing, focused on targeting imprinting genes, which regulate gene expression in a number of ways. "This work will help to address a number of limitations in stem cell and regenerative medicine research," says Li.

"The unique characteristics of imprinting genes have led scientists to believe that they are a fundamental barrier to unisexual reproduction in mammals," says co-corresponding author Qi Zhou, also of CAS. "Even when constructing bi-maternal or bi-paternal embryos artificially, they fail to develop properly, and they stall at some point during development due to these genes."

Earlier attempts to make a bi-paternal mouse used ovarian organoids to derive oocytes from male pluripotent stem cells; those ooctyes were then fertilized with sperm from another male. However, when the homologous chromosomes -- the chromosomes that divide during meiosis to create oocytes and sperm -- originated from the same sex, imprinting abnormalities arose, leading to severe developmental defects.

In this study, the researchers modified 20 key imprinting genes individually using a number of different techniques, including frameshift mutations, gene deletions, and regulatory region edits. They found that not only did these edits allow the creation of bi-paternal animals that sometimes lived to adulthood, but they also led to stem cells with more stable pluripotency.

"These findings provide strong evidence that imprinting abnormalities are the main barrier to mammalian unisexual reproduction," says co-corresponding author Guan-Zheng Luo of Sun Yat-sen University in Guangzhou. "This approach can significantly improve the developmental outcomes of embryonic stem cells and cloned animals, paving a promising path for the advancement of regenerative medicine."

The researchers note several limitations that their work still needs to address. For one thing, only 11.8% of the viable embryos were capable of developing until birth, and not all the pups that were born lived to adulthood due to developmental defects. Most of those that did live to adulthood had altered growth and a shortened lifespan. Also, the mice that lived to adulthood were sterile, although they did exhibit increased cloning efficiency.

"Further modifications to the imprinting genes could potentially facilitate the generation of healthy bi-paternal mice capable of producing viable gametes and lead to new therapeutic strategies for imprinting-related diseases," says co-corresponding author Zhi-Kun Li of CAS.

The team will continue to study how modifying imprinting genes may lead to embryos with higher developmental potential. They also aim to extend the experimental approaches developed in mice to larger animals, including monkeys. However, they note that this will require considerable time and effort because the imprinting gene combinations in monkeys differ significantly from those in mice. Whether this technology will ultimately be applied towards solving human disease remains unclear. The International Society for Stem Cell Research's ethical guidelines for stem cell research does not allow heritable genome editing for reproductive purposes nor the use of human stem cell-derived gametes for reproduction because they are deemed as currently unsafe.
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Antarctic ice sheet faces 'death by a thousand cuts' | ScienceDaily
Arecent study conducted by University of Florida geologists and geographers has shed new light on the effects of climate change on Antarctic ice shelves. It found that while there has been broad ice shelf loss due to warming temperatures, the frequency and size of major iceberg calving events has not changed significantly.


						
This study was led by Assistant Professor of Geological Sciences Emma MacKie, Ph.D., and Assistant Professor of Geography Katy Serafin, Ph.D., along with a collaborator at the Colorado School of Mines.

"Our results suggest that the primary threat to our ice shelves is 'death by a thousand cuts' via small calving events, rather than catastrophic extremes," said MacKie.

Calving, when chunks of ice break off from ice shelves to form icebergs, is common and increasingly influenced by climate change. For extremely large icebergs, this process is typically slow, often starting with small rifts that spread across the ice shelf before fully breaking off.

These rifts can be detected as they form and grow using satellite data, but their random nature and the risks associated with sending scientists to observe them in-person make it extremely difficult to predict when future rifts or calving events may occur. Major calving events are particularly challenging to study. While smaller calving events occur frequently, large events -- where over 100 square kilometers of ice break away -- are exceptionally rare.

This study is the first of its kind to focus on these large calving events. Even with 47 years' worth of satellite data from 1976 to 2023, the team was still faced with a small sample size. This challenge was addressed with extreme value theory, a type of statistical analysis used when studying rare natural disasters like major earthquakes, extreme floods, or volcanic eruptions. As an expert on extreme flooding, Serafin was no stranger to this type of data analysis.

"Statistical models relating event size and frequency are tools that have been used for estimating rare flood events, like a 100-year flood, for decades," said Serafin. "Now that satellite imagery can more consistently track large calving events, we thought we'd test whether we could apply the same tools for understanding how likely these massive calving events are."

Using this method, the team analyzed extreme calving events found in the satellite record and developed a model to predict the likelihood of these events over time. While creating their models, researchers also developed scenarios to predict how large calving events could be. By their estimates, a once in a decade iceberg could be as large as 6,100 square kilometers, only slightly larger than an extreme calving event in 2017, when an iceberg roughly the size of Delaware broke off the Antarctic ice sheet. A once in a century eventcould produce an iceberg about 45,000 square kilometers, slightly larger than the entire country of Denmark.

"A once in a century iceberg would be several times larger than any in the observational record and would have a significant impact on ice-sheet stability and ocean processes," said MacKie.

The team found no evidence that large icebergs have increased in size over the last half century, with the peak iceberg surface areas occurring between 1986 and 2000. This indicates that extreme calving events do not correlate with climate change, although overall ice shelf loss has increased due to climate change. While extreme calving events continue to be rare and may be part of a larger natural cycle, more numerous small calving events have dominated Antarctic ice shelf loss over the last half century.
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Genetic 'fingerprint' to predict drug resistance in bacteria | ScienceDaily
Antibiotic resistance is a global public health crisis responsible for more than a million deaths annually. By 2050, the World Health Organization estimates it could surpass cancer and heart disease as the leading cause of death as more bacteria develop defenses to the drugs designed to combat them.


						
Now Tulane University researchers have identified a unique genetic signature in bacteria that can predict their likelihood of developing antibiotic resistance, according to a new study published in Nature Communications. The findings could help researchers more quickly identify precision-based treatments that are more effective against the deadly, treatment-resistant pathogens.

"If we see this pattern when we sequence its genome, we can expect it to become drug-resistant if you try to treat it," said lead author Kalen Hall, PhD, who spearheaded the research before graduating from Tulane University School of Medicine in 2024.

At the center of the study is Pseudomonas aeruginosa, a bacteria with a known history of multidrug resistance and a common cause of infection in hospitals. The bacteria are prone to deficiencies in a specific DNA repair pathway, a condition known to spur rapid mutations in bacteria, which increase the odds of drug resistance developing.

After analyzing the bacterial genomes for mutational signatures -- a technique typically used in cancer research to map genetic changes in tumors -- the team found a distinct pattern associated with these DNA repair deficiencies that accurately predicted bacteria's potential to develop antibiotic resistance.

"It's essentially a fingerprint that's able to predict the presence of potential multidrug-resistant bacteria," said Zac Pursell, PhD, associate professor of biochemistry and molecular biology at Tulane University School of Medicine.

Resistance can only be acquired when bacteria are treated with an antibiotic that fails to kill them, underscoring the need to identify the proper path of treatment. Making matters worse, the findings show that bacteria acquire resistance to drugs not involved in initial treatment.




"Over 50% of antibiotics prescribed are either unnecessary or the wrong treatment, and if you provide the wrong antibiotic, you're promoting more and more resistance," Hall said.

Importantly, the same DNA sequencing technology that can identify bacterial "fingerprints" can also identify points of attack for clinicians. The researchers found success identifying separate resistance pathways and administering specific combinations of antibiotics that target these pathways, preventing the bacteria from acquiring drug resistance.

Though the findings are still in their early stages, successful creation of a diagnostic tool could reduce the overuse of antibiotics and allow for more precise treatment of bacterial infections. Hall is now CEO and cofounder of Informuta Inc., a San Diego-based startup that aims to develop a machine learning model that can scan bacteria samples and predict the development of antibiotic resistance.

"There's absolutely nothing like this available right now, and it would be game changing for so many patient populations. Antibiotic resistance is getting worse year over year," Hall said. "I believe proper antibiotic stewardship and accurate diagnostics are important pieces of the puzzle."
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Ecologist's studies on the effects of prey depletion on populations of large African carnivores | ScienceDaily
Two recently published studies by a Montana State University ecologist reveal new findings about the relationship between population dynamics of two species of large African carnivores and the availability of their prey.


						
"The studies are related in a lot of ways," said Scott Creel, lead author of a paper about the effects of prey depletion on endangered African wild dogs that was published this week in the journal Proceedings in the National Academy of Sciences, and co-lead author of another paper about the effects of poaching controls on African lion demographics that was featured on the cover of the Jan.11 issue of Conservation Science and Practice.

"The common denominator is that across sub-Saharan Africa, populations of animals like wildebeest and impala are declining pretty dramatically almost everywhere as a consequence of habitat loss and bushmeat poaching," Creel said. "The densities of those animals, which are prey for species like African wild dogs and lions, are a tiny fraction of what they would have been 40 or 50 years ago."

The two papers document studies by Creel and his students of the relationship between prey depletion and population decline of large carnivores. For several decades, Creel, a Distinguished Professor in the Department of Ecology in MSU's College of Letters and Science, has studied the behavior, ecology and conservation of large mammals, with particular emphasis on African carnivores.

For each study, the researchers monitored groups of animals in Zambia between 2013 and 2021, including prides of lions living in the massive Kafue ecosystem. The area is located in an economically depressed area of the country that has experienced significant declines in prey animals due to poaching.

"For very understandable reasons, the people living in villages next to the protected areas turn to bushmeat poaching as a way to get food and make money," Creel explained.

The researchers monitored the lions through both visual observation and data from collars worn by at least one animal in each group. During the first five years of the study, the lion population in the ecosystem declined by 3% per year, and Creel said there was debate among ecologists about whether that trend could be reversed. Some advocated for fencing to deter poachers, while others suggested employing other means of protecting the lions. In 2018, patrols were systematically increased to curb poaching in several well-defined areas of the ecosystem.




That's when the researchers started to see growth of the lion populations in those areas -- most notably, a 29% increase in the number of cubs produced.

"More prey means it's easier for a female lion to raise her cubs," Creel said. "What used to be a litter of three cubs is now four cubs, and that will change population growth rate pretty dramatically."

Also in the patrolled areas, the survival rate of the lions rose by about 8%, partly because fewer of them were being killed by snares in the patrolled areas, but also because more prey translates into better odds of survival. However, Creel said, the most significant benefit for lions was that fewer animals they hunt for food were dying in those snares. Overall, the study showed that in protected areas, the lion population grew by about 8% annually, while in unprotected areas, the population continued to decline.

"That's a good news story in the face of these problems. It definitely shows that even in a big ecosystem that potentially can hold a huge population, increased investment works," he said. "With 8% annual growth, a population will double in just 10 years."

The wild dog study told a different story, Creel said.

African wild dogs, about half the size of hyenas, are pack animals that typically live in groups of eight to 10 adults. They were listed as endangered in 1990, and fewer than 1,500 breeding adults remain in the world among a total population of about 6,500 individuals. The dogs hunt in teams, allowing them to prey upon the same species as larger carnivores, but their kills are often stolen by hyenas. And hyenas aren't the only thing they have to worry about, because lions kill African wild dogs.




"They really are between a rock and a hard place," Creel said. "In places with low prey density, they die at higher rates and reproduce at lower rates but they still have to avoid places with high lion density, because they're just so dangerous."

Creel and his team tested the physical effects of prey depletion on African wild dogs, focusing on two populations in ecosystems where prey and competitor densities varied. One or two adult members in each of 16 packs were fitted with collars that measured their energy expenditures, which provided researchers with highly detailed data about the animals' activities.

"You can tell when they make a kill, you know how far they've run, you know how much energy they've burned," Creel said. "It's crystal clear."

Combined with direct observation, the data revealed that the energy costs of hunting were higher and the benefits lower for wild dogs in prey-depleted areas, regardless of the number of competitors present -- a fundamental change from past studies that showed the most important factor limiting population size was the presence of dominant competitors, Creel said.

"Wild dogs were always limited from the top down by their competitors. They're limited now from the bottom up by their food supply," Creel said. "The reason they do badly in those places is they have to go farther to find an opportunity to hunt, and they usually kill a smaller thing when they succeed. They burn much more energy and get less in return.

"That they switched from being limited by their competitors to being limited by food is a new thing, and unfortunately, very worrisome," he said.

Both studies were conducted in coordination with the Zambia Department of National Parks and Wildlife and the Zambian Carnivore Programme. Matthew Becker, the co-lead author of the PNAS article, is CEO and program manager of the Zambian Carnivore Programme, an MSU alumnus and an affiliate faculty member in the Department of Ecology. Creel said the cooperation of those agencies made it possible to conduct the years of intensive field research that enabled scientists to become familiar with the lives of each individual animal and understand very well the factors that affect them.

"We've now shown that even in a huge, unfenced ecosystem that's already heavily affected by humans, we can reverse the decline by increasing the investment in protection -- we just need the will to do it," Creel said. "We know what works, and it's a pretty simple thing."

He said he is encouraged that the Zambia Department of National Parks and Wildlife allows research and data to guide decision making, and by the potential economic benefits from tourism that could result from investing in protecting animals.

"I think the lion study is really exciting, in that if we can do it for lions, we can do it for all wildlife," he said. "All boats are going to rise on the same tide if you increase the protection."
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Archaeologists find 'lost' site depicted in the Bayeux Tapestry | ScienceDaily
Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry.


						
By reinterpreting previous excavations and conducting new surveys, the team from Newcastle University, UK, together with colleagues from the University of Exeter, believe they have located a power centre belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

Bosham, on the coast of West Sussex, is depicted twice in the Bayeux Tapestry, which famously narrates the Norman Conquest of England in 1066 when William, Duke of Normandy, challenged Harold for the throne. The Tapestry culminates in Williams's victory at Hastings, but earlier in the artwork Bosham is shown as the place where Harold enjoys a feast in an extravagant hall before setting sail for France, and again on his return.

The location of Harold's residence at Bosham has never been proved, although it has been suggested that a house in the village -- now a private home -- stands on the site.

Archaeological detective work

The team of archaeologists used a range of methods to unpick the early history of the property, including a geophysical survey of the surrounding area, assessment of standing remains, scrutiny of maps and records, and re-examination of evidence from excavations carried out in 2006 by West Sussex Archaeology.

This confirmed the existence of two previously unidentified Medieval buildings: one integrated into the current house and another in the garden. The crucial indication that the site had even earlier origins comes from the excavations in 2006, which identified a latrine within a large timber building. In the past decade or so archaeologists have begun to recognise a trend in England, beginning during the 10th century AD, for high-status houses to integrate toilets. The discovery of the latrine therefore indicated to the team that the timber building was of elite status, and almost certainly represents part of Harold's residence illustrated on the Bayeux Tapestry. The hall was one part of a more extensive complex, that also included a church, which still survives.

The research, which is published in The Antiquaries Journal, was led by Dr Duncan Wright, Senior Lecturer in Medieval Archaeology at Newcastle University, who said: "The realisation that the 2006 excavations had found, in effect, an Anglo-Saxon en-suite confirmed to us that this house sits on the site of an elite residence pre-dating the Norman Conquest. Looking at this vital clue, alongside all our other evidence, it is beyond all reasonable doubt that we have here the location of Harold Godwinson's private power centre, the one famously depicted on the Bayeux Tapestry."

Professor Oliver Creighton of the University of Exeter, and Co-Investigator of the project, added: "The Norman Conquest saw a new ruling class supplant an English aristocracy that has left little in the way of physical remains, which makes the discovery at Bosham hugely significant -- we have found an Anglo-Saxon show-home."

The research at Bosham was carried out as part of the wider Where Power Lies project, with a team drawn from Newcastle University and the University of Exeter, and funded by the Arts and Humanities Research Council. The project aims to explore the origins and early development of aristocratic centres like Bosham, assessing for the first time the archaeological evidence for these sites across the entirety of England.
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Floating solar increases greenhouse gas emissions on small ponds | ScienceDaily
While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.


						
In the first manipulative field study examining the environmental impacts of floating solar, published in Environmental Science and Technology, researchers found that floating solar panels increased greenhouse gas emissions on small ponds by nearly 27%.

"There have been a flurry of papers about floating solar, but it's mostly modeling and projections," said Steven Grodsky, assistant professor of natural resources and the environment. "This is the first manipulative study to produce empirical results. It's saying, here's what's actually happening. And what we found was that there was increased greenhouse gas emissions from ponds with floating solar."

Grodsky and collaborators covered three ponds at the Cornell Experimental Pond Facility with solar panels, at 70% coverage, and found that, almost immediately, methane and carbon dioxide emissions increased -- by 26.8% compared to ponds without solar panels -- and dissolved oxygen throughout the ponds substantially decreased.

"If you put floating solar on there," Grodsky said, "you're drastically reducing oxygen availability for organisms, you're messing with ecological processes, how decomposition takes place, the microbes, the way wind moves across the surface of the water. It's all connected."

The data is particularly important because much of the floating solar development in the U.S. is currently happening on small lakes and ponds, Grodsky said. It's also timely for New York state, where floating solar could be considered as an alternative to terrestrial solar and is the source of debate and exploration.

The study offers some bright sides for floating solar: When comparing floating solar to terrestrial solar in total emissions cost, from site development to maintenance and disposal, the floating solar's greenhouse gas emissions (per kilowatt hour of energy generated) are likely still lower than terrestrial solar and fossil fuel-based energy production. Seventy percent coverage also represents an outer limit, and the researchers made suggestions that might offset the panels' impacts, like reducing coverage or installing a bubbler to agitate the water, although more research is needed.

"If you look at the history of energy transitions -- from wood to fossil fuels, for example -- everything was based on energy production, and the environment wasn't taken into consideration, and now we have environmental injustice, we have climate change," Grodsky said. "The idea here is to nip that in the bud and re-envision the way we approach this energy transition."
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How tiny algae shaped the evolution of giant clams | ScienceDaily
Giant clams, some of the largest mollusks on Earth, have long fascinated scientists. These impressive creatures can grow up to 4.5 feet in length and weigh over 700 pounds, making them icons of tropical coral reefs.


						
But these animals don't bulk up on a high-protein diet. Instead, they rely largely on energy produced by algae living inside them. In a new study led by CU Boulder, scientists sequenced the genome of the most widespread species of giant clam, Tridacna maxima, to reveal how these creatures adapted their genome to coexist with algae.

The findings, published Jan. 4 in the journal Communications Biology, offer clues about how such evolution may have contributed to the giant clam's size.

"Giant clams are keystone species in many marine habitats," said Jingchun Li, the paper's senior author and professor in the Department of Ecology and Evolutionary Biology. "Understanding their genetics and ecology helps us better understand the coral reef ecosystem."

A symbiotic relationship

Unlike popular myths -- like the one in Disney's "Moana 2" where the giant clam eats humans -- these vegetarian mollusks rely on algae living within their bodies for energy. If giant clams ingest the right algae species while swimming through the ocean as larvae, they develop a system of tube-like structures coated with these algae inside their body. These algae can turn sunlight into sugar through photosynthesis, providing nutrients for the clams.

"It's like the algae are seeds, and a tree grows out of the clam's stomach," Li said.




At the same time, the clams shield the algae from the sun's radiation and give them other essential nutrients. This mutually beneficial relationship is known as photosymbiosis.

"It's interesting that many of giant clams' cousin species don't rely on symbiosis, so we want to know why giant clams are special," said Li.

In collaboration with researchers at the University of Guam and the Western Australian Museum, the team compared the genes of T. maxima with closely related species -- such as the common cockle -- that lack symbiotic partners. The researchers found that T. maxima have evolved more genes coded for sensors to distinguish friendly algae from harmful bacteria and viruses. At the same time, T. maxima tuned down some of its immune genes in a way that likely helps the animal tolerate algae living in their body long term, according to Ruiqi Li, the paper's first author and postdoctoral researcher at the CU Museum of Natural History.

As a result of the clam's weakened immune system, its genome contains a large number of transposable elements, which are bits of genetic material left behind by ancient viruses.

"These aspects highlight the tradeoffs of symbiosis. The host has to accommodate a suppressed immune system and potentially more viral genome invasions," said Ruiqi Li.

The study also discovered that giant clams have fewer genes related to body weight control, known as the CTRP genes. Having fewer CTRP genes might have allowed giant clams to grow larger.




Conservation concerns

Last year, a giant clam population assessment by Ruiqi Li, prompted the International Union for Conservation of Nature (IUCN) to update the conservation status of multiple giant clam species. Tridacna gigas, the largest and most well-known species, is now recognized as "critically endangered," the highest level before a species becomes extinct in the wild.

T. maxima, because of its wide distribution, is currently classified as "least concern." But Ruiqi Li said it's possible that different species are lumped into one category simply because they look similar.

"If you think these giant clams are all the same species, you might underestimate the threat they face," Ruiqi Li said. "Genetic studies like this can help us distinguish between species and assess their true conservation needs."

The team hopes to sequence the genomes of all 12 known species of giant clams to better understand their diversity.

Similar to corals, giant clams are facing increasing threats from climate change. When the ocean water becomes too warm, the clams expel the symbiotic algae from their tissues. Without the algae, the giant clams can starve.

"The giant clams are very important for the stability of the marine ecosystem and support biodiversity," Jingchun Li said. She added that many creatures living in the shallow waters rely on their shells for shelter, and giant clams also provide food for other organisms.

"Protecting them is essential for the health of coral reefs and the marine life that depends on them."
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Scientific approach can optimize bike lane planning | ScienceDaily
When it comes to opinions about bike lanes, few of us are stuck in neutral. Love them or hate them though, new research says a dose of scientific rationality can help locate them in the best places. Congestion is minimized while more people ditch the car in favour of emissions-free, two-wheeled commuting.


						
Working with two other academics, smart city researcher Sheng Liu pulled data and talked to city planners in Vancouver and Chicago to develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

"Our model provides a systematic decision-making tool for municipalities to design new bike lanes using existing data," said Prof. Liu, an assistant professor of operations management and statistics at the University of Toronto's Rotman School of Management. "It helps policymakers better quantify and evaluate the potential benefits and risks of bike lane construction. In particular, it can predict whether and where traffic will get better or worse and if emissions will go down."

Bike lanes have taken off across North America, leading to reduced traffic fatalities, lower-cost access to private transportation and improved physical activity for cyclists. But, as many commuters have already concluded, "ignoring traffic dynamics when designing bike lanes can needlessly worsen congestion," the researchers write. And there might not even be much of an uptick in cycling ridership.

Part of the problem is that city planners tend to rely on simplified planning approaches that can't account for all the factors that influence the impacts of locating a bicycle lane on a particular roadway, or multiple ones in a roadway system.

The researchers' model uses a city's traffic and commuter mobility data to predict how cycling and traffic congestion will behave and change according to where bicycle lanes are located. The model estimates how driving travel time changes according to vehicle volume and road features, the attractiveness of cycling or driving on a roadway according to predicted travel times and the presence of bike lanes and, based on all of that, plus a host of other variables, which roads in a network will have the most cycling use and least congestion if bike lanes are located there.

Applied to the city of Chicago, one of the most traffic-congested U.S. cities and where expansion of its cycling network is a major policy priority, the model estimated that adding 40 km of additional bicycle lanes in specific locations would increase cycling ridership from 3.6 per cent to 6.1 per cent in the city's downtown, while increasing driving time by no more than 9.4 per cent.

"As bike lanes expand, some roads may observe more congestion, and some roads may actually see improved traffic," said Prof. Liu. "On the network level, we find that the overall travel time for all commuters is shorter under the proposed bike lane expansion plan. This implies lower emissions as well."

Acknowledging that bike lanes can inspire heated debates, Prof. Liu advised that "we should let data speak and follow a scientific approach" to evaluate their effectiveness. "Simply taking out bike lanes from the streets would not solve our congestion problem and could likely make it worse."
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Preserving Asian horseshoe crab populations through targeted conservation strategies | ScienceDaily
Horseshoe crabs are often referred to as the "living fossils" of our planet -- the four known species, including three in Asia and one in North America, remain nearly identical to their ancient relatives from hundreds of millions of years ago. These arthropods are a fundamental building block of coastal marine ecosystems. Their eggs, for example, serve as a major food source for shorebirds, some of which have evolved to time their migrations to coincide with peak horseshoe crab spawning activity. In addition to their ecological role, horseshoe crabs are also used in biomedicine to test for harmful toxins in vaccines.


						
Among the four species, only the Atlantic horseshoe crab (Limulus polyphemus), found along the Atlantic coast of the United States and the Gulf of Mexico, has been extensively studied. In contrast, scientific information about the three Asian species is so scant and scattered that the IUCN Red List, which tracks the extinction risk of species around the world, listed two of them (the mangrove horseshoe crab and the coastal horseshoe crab) as "data deficient." This designation indicates insufficient data to assess their extinction risk. On the other hand, the tri-spine horseshoe crab is considered endangered.

Understanding our planet's living fossils

To help fill in these knowledge gaps, a research team led by Associate Professor Frank Rheindt from the Department of Biological Sciences at the National University of Singapore (NUS) Faculty of Science conducted the first comprehensive population genomic study of all three Asian horseshoe crab species: the mangrove horseshoe crab (Carcinoscorpius rotundicauda), coastal horseshoe crab (Tachypleus gigas), and tri-spine horseshoe crab (Tachypleus tridentatus).

The study underscores the importance of Southeast Asia's Sunda Shelf, a shallow-marine region, as a critical coastal marine habitat. Importantly, this region has sustained the survival of these ancient arthropods for millennia and could continue to act as a refuge for Asian horseshoe crabs amid accelerating anthropogenic climate change.

The researchers have also established the first-ever genomic baseline dataset for these species, which lay the groundwork for targeted conservation planning. Their findings, which propose different conservation strategies for each species, were published in Conservation Letters on 16 December 2024.

Back to the basics: Filling data gaps to advance conservation efforts

"To protect and conserve these species, it is crucial that we first cover the basics -- understanding their population structure, evolutionary histories and climate-change-driven vulnerabilities," said Assoc Prof Rheindt. "This foundational knowledge will enable us to develop targeted conservation strategies and prioritise habitats critical for their survival."




Tracking and monitoring Asian horseshoe crabs is in and of itself a challenging feat. They spend most of their lives on the seabed, making them difficult to observe, and they take 14 years to mature -- too long to assess population changes effectively through traditional surveys. To overcome these challenges, the researchers turned to population genomic approaches, where they analysed DNA from 251 horseshoe crabs collected across 52 sites in 11 countries.

Using this data, NUS researchers created the first genomic baseline dataset for Asian horseshoe crabs. This dataset enabled the team to map population structures and delineate genetic boundaries among the three species. "Such distinctions are important, as they highlight populations that harbour unique genetic traits essential for adapting to specific local environments," said Dr Tang Qian, the first author of the study. "Genomic data also helps us pinpoint coastal hotspots that should be prioritised for conservation."

The study also revealed how horseshoe crabs have responded to environmental fluctuations over time. The Sunda Shelf emerged as a vital refuge for horseshoe crabs during periods of past climate change. By reconstructing the species' evolutionary histories, the researchers found that the region has not only preserved genetic diversity but also served as a migratory corridor, which allowed populations to remain connected despite environmental changes.

Tailored conservation strategies needed

The study highlighted that future climate change poses varying levels of risk to the three species of Asian horseshoe crabs. While all are vulnerable, their ability to adapt differs. For instance, the mangrove horseshoe crab, with its limited dispersal capacity, faces higher threats of local extinction compared to the more mobile coastal and tri-spine horseshoe crabs.

Based on these findings, the researchers have proposed tailored conservation strategies to support each species in adapting to climate change:
    	Mangrove horseshoe crabs            	Protect and restore mangrove habitats, which are essential for the species' survival and ability to migrate southward in response to rising temperatures.
        	Prioritise the conservation of populations in the Gulf of Tonkin and South China as they face the highest evolutionary pressures from climate change.
    
    
    	Coastal horseshoe crabs            	Protect the Sunda Shelf region, which serves as a critical refugial habitat, particularly around the Bay of Bengal, the Malacca Strait and Southern Vietnam.
        	Maintain connectivity between populations by safeguarding coastal corridors to mitigate the species' vulnerability to habitat fragmentation.
    
    
    	Tri-spine horseshoe crabs            	Implement sustainable fishery regulations and restore coastal habitats, especially in areas with a history of intensive development, such as Japan, Taiwan and China.
        	Focus conservation efforts on reducing human-driven threats like harvesting and habitat loss as these currently pose greater risks than climate change.
    
    

Next steps




"Our study provides an important impetus and the necessary baseline data for the preservation of key habitats for horseshoe crabs' future survival," said Dr Tang. "As an important caveat, however, our work is only based on environmental factors and does not take into account future human activities that may directly alter habitats, such as coastal development. The survival of horseshoe crabs will therefore critically depend on interventions based on local contexts."

Looking ahead, the researchers plan to further explore the evolutionary potential of Asian horseshoe crabs. This includes studying how specific functional genes contribute to their ability to adapt to local environments and changing climates.

"We have established the Horseshoe Crab Global Biorepository, with its physical collection located at the Lee Kong Chian Natural History Museum at NUS, to support ongoing and future research," added Assoc Prof Rheindt. "Through this resource, we hope to foster collaborations and secure funding to advance genomic research on horseshoe crabs. We are currently working with the Chinese University of Hong Kong on genomic research specifically focused on the tri-spine horseshoe crab."
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Predicting 'male-time' with the Androgen Clock | ScienceDaily
Researchers from the University of Otago -- Otakou Whakaihu Waka have created a world-first epigenetic tool which has implications for medicine, sports, and agriculture.


						
In a study published in the journal Proceedings of the National Academy of Sciences (PNAS), researchers found that DNA can be used to predict how long an animal has been exposed to male hormones, otherwise known as androgens.

To do this, they developed the "Androgen Clock," an analysis platform which examines specific DNA regions that change over time in the presence of androgens.

While researchers have not yet been able to create a clock for humans, they are actively working on it and excited by potential applications.

Lead author Dr Victoria Sugrue, a post-doctoral researcher in the Department of Anatomy, says androgens alter DNA over time in a predictable "clock-like" manner and researchers have developed a method to measure it easily.

"We turned the results into a linear model that could estimate months of androgen exposure with surprising accuracy for both mice and sheep," Dr Sugrue says.

"Importantly, when we removed the receptor protein from mice that binds to androgens, the Androgen Clock stopped. Moreover, when we gave androgen to females, the clock started ticking again. This proves the clock depends on androgens and not some other male factor."

High levels of androgen hormone are what makes the average male stronger and faster (and hairier) than the average female. Yet, until now there has been no way to measure long-term male hormone exposure.




Associate Professor Tim Hore, research team leader in the Department of Anatomy, says there are many potential applications for the Androgen Clock in medicine, sports, and agriculture, including meat testing, as performed in the study.

Researchers used it to test for tainted meat, comparing lamb bought from a butcher with old rams from a farm.

"As expected, we showed that meat from the old rams had an Androgen Clock that was significantly advanced compared to the lamb. This could be used immediately for verification purposes -- meat from older intact male sheep and pigs is likely to be tough and tainted with a bad taste -- but that is not always obvious from the shop window.

"Likewise, it could prove meat has been grown with or without hormone supplementation -- something particularly important to consumers of beef."

An Androgen Clock for humans is now in progress.

"One of the experiments we did was to treat female mice with a synthetic androgen, similar to those used by drug cheats in elite sport," Associate Professor Hore says.




"It had a striking effect on DNA and accelerated the Androgen Clock well beyond what we would see in even a male mouse of the same age. If we are able to create an Androgen Clock for humans, it could be used to detect synthetic androgen abuse in elite sports -- unlike most other tests it would rely on the effect that the androgen has on DNA over long periods of time, rather than a single instantaneous measurement of the molecule itself.

"The same test could also be used in medicine to diagnose hormone disorders like hyperandrogenism."

Underpinning the Androgen Clock study is the rapid development of tools to study DNA aging.

The University of Otago team, in collaboration with researchers from Australia and the USA, previously developed the first way to estimate sheep aging using DNA.

Their work was a part of a large international consortium that measured DNA and age from over 200 mammalian species and turned this into mathematic models, known as "epigenetic clocks," that can predict age in any mammals using DNA alone.

"Over the past decade, a huge amount of research has focussed on epigenetic clocks that has already given us much insight into aging and how it can be slowed or accelerated. Nevertheless, we currently have little understanding of how epigenetic clocks themselves actually work," Associate Professor Hore says.

"The Androgen Clock is the first epigenetic age estimator that can be turned on and off by modulating a single chemical, and it does so without fundamentally changing cellular identity. Further experimentation with the Androgen Clock will help us uncover much more about the mechanism of how DNA ages and why."
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Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario | ScienceDaily
An interdisciplinary team of researchers from Nanyang Technological University, Singapore (NTU Singapore), and Delft University of Technology (TU Delft), The Netherlands, has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 metres by 2100. The high end of this projection's range is 90 centimetres higher than the latest United Nations' global projection of 0.6 to 1.0 metres [1].


						
The very likely range (90 per cent probability for the event to occur), reported by the NTU team in the scientific journal Earth's Future, complements sea-level rise projections reported by the United Nation's Intergovernmental Panel on Climate Change (IPCC), which only assessed the probability of projections up to a likely range (66 per cent probability).

Current sea-level projections rely on a range of methods to model climate processes. Some include well-understood phenomena like glacier melting, while others incorporate more uncertain events, such as abrupt ice shelf collapse.

As a result, these models produce varying projections, making it difficult to estimate reliable extreme sea-level rise. This ambiguity in projections from different methods has prevented the IPCC from providing very likely ranges for sea-level projections -- a valuable standard in managing risk.

To overcome this challenge and to address the uncertainties in current sea-level rise projections, NTU researchers developed a new, improved projection method known as the "fusion" approach. This approach combines the strengths of existing models with expert opinions, offering a clearer, more reliable picture of future sea-level rise.

Lead author of the study, Dr Benjamin Grandey, Senior Research Fellow at NTU's School of Physical and Mathematical Sciences (SPMS), said, "Our new approach tackles a key issue in sea-level science: different methods of projecting sea-level rise often produce widely varying results. By combining these different approaches into a single fusion projection, we can estimate the uncertainty associated with future sea-level rise and quantify the very likely range of sea-level rise."

The research team believes their new method fills a critical gap for reliable information, complementing the IPCC's latest report.




The fusion approach: Combining strengths of existing models

The interdisciplinary NTU team of physicists and climate scientists created the fusion model by integrating statistical methods with expert judgments. They used data from established projections presented in the IPCC's Sixth Assessment Report, which simulate potential future scenarios under different emissions pathways.

The researchers combined different classes of projections reported in the IPCC report. They incorporated both 'medium confidence' and 'low confidence' projections, supplemented by expert assessments, to account for poorly understood extreme processes, such as sudden shifts in ice sheet behaviour. A weighting system was applied, prioritising more reliable medium-confidence data while still including lower-confidence projections to address uncertainties.

Projections based on this fusion approach suggest that under a low-emissions scenario, global mean sea levels are very likely to rise between 0.3 and 1.0 metres by 2100. The IPCC's likely range projected global mean sea level to rise by 0.3 to 0.6 metres.

Under a high-emissions scenario, the NTU fusion model projects global mean sea level will very likely rise between 0.5 and 1.9 metres by 2100. The IPCC likely range projected a rise between 0.6 to 1.0 metres.

The broader ranges indicated by the NTU model suggest that previous estimates may have understated the potential for extreme outcomes, with levels possibly rising to 90 cm higher than the upper end of the IPCC's likely range under a high-emissions pathway.




Current emissions trends suggest that the world is on a trajectory between the low-emissions and high-emissions scenarios.

"Our new very likely projections highlight just how large the uncertainties are when it comes to sea-level rise," said Dr Grandey. "The high-end projection of 1.9 metres underscores the need for decision-makers to plan for critical infrastructure accordingly. More importantly, these results emphasise the importance of climate mitigation through reducing greenhouse gas emissions."

Co-author, Professor Benjamin Horton, Director, Earth Observatory of Singapore at NTU, said, "This NTU research represents a significant breakthrough in sea-level science. By estimating the probability of the most extreme outcomes, it underscores the severe impacts of sea-level rise on coastal communities, infrastructure, and ecosystems, emphasising the urgent need to address the climate crisis."

Why the new projection method matters 

Accurate projections of sea-level rise are essential for preparing for climate change. The NTU team believes that their new method provides valuable, actionable information for urban planners and governments, helping them plan and implement measures to protect vulnerable communities, especially in extreme sea-level rise scenarios.

Co-author, Professor Chew Lock Yue from NTU School of SPMS, said, "By appropriately combining the best available knowledge of sea-level information at different confidence levels into a single fused probability distribution, we have developed a novel way to project the full uncertainty range of future sea-level rise."

Co-author, Associate Professor Justin Dauwels, Signal Processing Systems (SPS), Department of Microelectronics at TU Delft, said, "Our new method for projecting the full uncertainty range of future sea-level rise can also be applied for other climate projections and beyond, including coastal flooding risk assessments, infrastructure vulnerability analysis, and economic impact forecasts."

This study exemplifies NTU's commitment to advancing climate science research and supporting global sustainability efforts and is supported by the National Research Foundation, Singapore, and National Environment Agency, Singapore under the National Sea Level Programme Funding Initiative (Award No. USS-IF-2020-3).

[1] Projection based on the Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report. The IPCC is a United Nations body that provides authoritative scientific assessments on climate change. https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
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Botanic Gardens must team up to save wild plants from extinction | ScienceDaily
A major study of botanic gardens around the world has revealed their struggles with one fundamental aim: to safeguard the world's most threatened plants from extinction.


						
Researchers analysed a century's worth of records -- from 1921 to 2021 -- from fifty botanic gardens and arboreta currently growing half a million plants, to see how the world's living plant collections have changed over time.

The results suggest that the world's living collections have collectively reached peak capacity, and that restrictions on wild plant collecting around the world are hampering efforts to gather plant diversity on the scale needed to study and protect it.

There is little evidence that institutions are managing to conserve threatened plants within collections, on a global scale, despite accelerating rates of elevated extinction risk. The findings imply that tackling the loss of biodiversity has not been prioritised across the world's botanic gardens as a collective -- a fact the researchers say must be urgently addressed.

Curator of Cambridge University Botanic Garden Professor Samuel Brockington, who led the work, said: "A concerted, collaborative effort across the world's botanic gardens is now needed to conserve a genetically diverse range of plants, and to make them available for research and future reintroduction into the wild."

In their report, published in the journal Nature Ecology and Evolution, the researchers say the Convention on Biological Diversity (CBD) has effectively halved the level at which plants are being collected from the wild, and also created obstacles to the international exchange of plants.

Brockington, who is also Professor of Evolution in the University of Cambridge's Department of Plant Sciences, said: "The impact of the Convention on Biological Diversity is a remarkable demonstration of the power and value of international agreements. But it seems to be preventing individual botanic gardens from working with many globally threatened plant species that we could help save from extinction."

Collective thinking




As much as 40% of the world's plant diversity is at elevated risk of extinction. Acceptance that individual collections have limited capacity to single-handedly prevent species extinction demands a rethink as to how they collaborate to store and safeguard diversity in living collections.

The researchers say it will be vital for the living collections to be considered as a 'meta-collection' in future: only by working closely together will the world's botanic gardens be able to hold the range of plants needed to make a meaningful contribution to conservation efforts. This will include sharing data and expertise and supporting the development of new collections in the global south, where much of the world's biodiversity is located.

The researchers point out that some individual institutions, like the Royal Botanic Gardens Edinburgh, have successfully targeted and measurably conserved threatened conifer species. Similarly, Botanic Gardens Conservation International (BGCI) has established numerous global conservation consortia. However, these initiatives are the exception.

Wild decline

Plants must be regularly replaced or propagated within living collections: the average lifetime of a specimen is just 15 years. But the team's analysis found that the number of wild-origin plants -- those collected in the wild -- in the collections peaked in 1993 and has been in decline ever since.

"It is certainly not getting any easier to sustain the diversity of our collections. This is especially true for wild-collected plants, and they're the most valuable for us in terms for supporting research, and in finding solutions to the twin challenges of climate change and global biodiversity loss," said Brockington.




Weather worries

As climate change alters growing conditions in different regions of the world, it will become more challenging for individual botanic gardens to continue to grow such a diverse range of species.

Brockington said: "Climate change affects our work directly by altering local weather conditions -- we've already seen record-breaking temperatures in

Cambridge in recent years. That's going to affect how well our plants survive, so we need to think rationally and collectively about the best locations to hold different species across the global network of living collections."

On 25 July 2019, Cambridge University Botanic Garden reached 38.70C -- the highest temperature ever recorded in the UK at that time.

Diversity is key

Genetic diversity is important when it comes to protecting plants at risk of extinction, because it allows for breeding populations of species that can adapt to future challenges. The more individual plants of a particular species in a collection, the greater the genetic diversity is likely to be.

The team says data from the International Conifer Conservation Programme, run by the Royal Botanic Garden Edinburgh, shows that living collections can make a valuable contribution to conservation efforts -- given the right resource and focus. By distributing threatened species across a network of safe sites, the trees are grown where they grow best, and as a whole they represent a strong sample of the genetic diversity of this important group.

Ethical collecting

Last year, Cambridge University Botanic Garden advertised for a new 'Expedition Botanist' to lead global plant-collection expeditions and contribute to vital conservation efforts.

Brockington says these expeditions remain vital to work to safeguard and study the world's plant species. He suggests that collaborative collecting work is possible, in a fair and ethical way, that builds equitable international partnerships.

The CBD is a global agreement, signed by 150 government leaders in 1992, dedicated to promoting sustainable development. It makes each country responsible for protecting its own biodiversity, and supports fair and equitable sharing of the benefits arising out of the use of that biodiversity.

There are 3,500 botanic gardens and arboreta worldwide. They exist so that scientists can study, conserve and provide access to the world's plants, as well as showcasing them to the public.

Botanic Gardens Conservation International (BGCI) is a charity whose purpose is to mobilise botanic gardens and engage partners in securing plant diversity for the wellbeing of people and the planet.
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How animal poop helps ecosystems adapt to climate change | ScienceDaily
Climate change is melting away glaciers around the world, but in the Andes Mountains, a wild relative of the llama is helping local ecosystems adapt to these changes by dropping big piles of dung.


						
This finding, published Dec 30 in Scientific Reports, revealed that the activity of this animal could accelerate the time plants usually take to establish on new land by over a century, highlighting a surprising way organisms are adapting to climate change.

"It's interesting to see how a social behavior of these animals can transfer nutrients to a new ecosystem that is very nutrient poor," said Cliff Bueno de Mesquita, the paper's co-first author and a research scientist in the Cooperative Institute for Research in Environmental Sciences at CU Boulder. But the current pace of climate change still outpaces the ability of species to find new habitats, he warned.

The changemakers here are the vicunas. They are one of two wild South American camelids, a group of animals that includes alpaca and llama, which are domesticated species. They live in the high alpine areas of the Andes.

Vicunas may be less famous than their celebrated llama cousins, but they are no less remarkable, particularly because of where they choose to poop.

Much like how humans use bathrooms, these animals get rid of their solid waste using a designated spot shared by multiple members of a social group. Scientists refers to these communal dung piles as latrines.

Over the past two decades, Steven Schmidt, the paper's senior author and professor in the Department of Ecology and Evolutionary Biology, has studied how microbial life and plants are responding to retreating glaciers in the high-altitude Peruvian Andes.




The deglaciated soils are extremely depleted of nutrients and water -- a sea of rocks and gravel that can remain plant-free for over a century.

But during expeditions over the last ten years, Schmidt and his collaborators began noticing patches of plants, all of which seemed to have emerged from vicuna poop piles.

Working with animal ecologist Kelsey Reider at James Madison University, the team trekked to sites in the Peruvian Andes, up to 18,000 feet above sea level, that were previously covered by glaciers. They sampled vicuna latrine soils in these areas and found that, compared to barren soils just a few feet away, soils with vicuna poop contained significantly more moisture and key nutrients, like organic carbon, nitrogen and phosphorus.

For example, latrine soil was made of 62% organic matter. In contrast, deglaciated soil that has been exposed for 85 years at the same location but without latrines contained only 1.5% organic matter.

At high elevations, temperatures tend to fluctuate significantly throughout the day, dropping below freezing every night even during the summer. "It's really hard for things to live, but that organic matter made it so that temperatures and moisture levels didn't fluctuate nearly as much. The latrines created a different microclimate than the surrounding area," Schmidt said.

The team also found high DNA concentrations and a wide diversity of microorganisms in latrine soil samples, suggesting that the latrines provided vital ground for microbes and plants to thrive.




The team said vicuna dung likely accelerated the timeline for plants to colonize a barren, lifeless habitat by a century. These animals deposit nutrients and plant seeds from lower elevations in their poop onto deglaciated ground, and then the seeds germinate, attracting other organisms, including animals that feed on the plants.

Camera footage showed that the patches of plants have attracted all kinds of animals, including rare species never before seen at such high elevations and large carnivores like puma. Vicunas also eat the vegetation growing in their own latrines.

It could take hundreds of years for the deglaciated area to transition into grassland, which might help mitigate the negative impacts that many species preferring colder climates face as their habitats shrink from climate change, Reider said.

But even with the vicuna's help, the rate of species colonizing new ground is much slower than the rate at which the glaciers are retreating.

Glacier melt across the world has accelerated over the past two decades. Between 2000 and 2019, glaciers other than the Greenland and Antarctic ice sheets lost about 267 billion tons of ice each year. If warming continues, the Earth could lose 68% of its glaciers, a prior study estimated.

In parts of the Andes and other mountain ranges, including the Rocky Mountains, many people depend on mountain snow and glacier runoff for water. It is estimated that shrinking glaciers and snow cover could threaten the water supply for nearly a quarter of the world's population.

"The vicunas are probably helping some alpine organisms, but we can't assume they'll all be okay, because in Earth's history, we've never seen climate change happen at this speed," Bueno de Mesquita said. "Current anthropogenic climate change is probably the most severe crisis our planet and all living things have faced in the past 65 million years."
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        The benefits of speaking multiple languages
        New psychology research indicates that multilingual children may have enhanced executive function and perspective taking skills.

      

      
        Landmark genetic study: Fresh shoots of hope on the tree of life
        In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        Calorie labels on menus could make eating disorders worse
        Calorie labels on restaurant menus are negatively impacting people with eating disorders, according to a new study. The review found that individuals who have been diagnosed with an eating disorder changed their behaviors if presented with a menu featuring calorie labels.

      

      
        Air pollution inequities linked to industrial swine facilities are detectable from space
        A UVA study uses satellite data to show that air pollution from industrial swine farms in Eastern North Carolina disproportionately affects marginalized communities.

      

      
        Complexity of tree-planting schemes
        Research with smallholder farmers in Kenya shows that tree-planting schemes must account for complex local issues and preferences.

      

      
        Innovative one-minute video game boasts 80% success rate in diagnosing autism
        A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.

      

      
        Strategic corporate social responsibility can create social, economic value
        Strategic corporate social responsibility (CSR) efforts that are directly related to a hospitality company's core business operations and competencies can help companies create both social and business value, according to researchers.

      

      
        Floating solar increases greenhouse gas emissions on small ponds
        While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.

      

      
        Scientific approach can optimize bike lane planning
        develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

      

      
        Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario
        An interdisciplinary team of researchers has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 meters by 2100. The high end of this projection's range is 90 centimeters higher than the latest United Nations' global projection of 0.6 to 1.0 meters.

      

      
        Botanic Gardens must team up to save wild plants from extinction
        The world's botanic gardens must pull together to protect global plant biodiversity in the face of the extinction crisis, amid restrictions on wild-collecting, say researchers.

      

      
        A new experimental system to bring quantum technologies closer to students
        The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology ...

      

      
        Inconsistencies in hospital toxicology screening protocols following serious motor vehicle collisions
        A new study has found that drug screening practices may be inconsistent with potential downstream effects in reporting to the RMV.

      

      
        Researchers invent a new tool to help lower the cost of tomorrow's medicine
        Researchers have developed a new chemical tool that could help lower the cost of prescription medications. The tool, called AshPhos, is a ligand, or molecule, that makes it easier to create special carbon-nitrogen bonds. These bonds are the backbone of more than half of all medicines on the market today.

      

      
        Vacations are good for employee well-being, and the effects are long lasting
        If you're like many Americans, you probably didn't take all your vacation time this year. Even if you did, it's highly likely you didn't fully unplug while off the clock. But you might want to change that if you want to improve your health and well-being, according to a new review article.

      

      
        Progress and challenges in brain implants
        A scientific team looks at the progress and challenges in the research and development of brain implants. New achievements in the field of this technology are seen as a source of hope for many patients with neurological disorders and have been making headlines recently. As neural implants have an effect not only on a physical but also on a psychological level, researchers are calling for particular ethical and scientific care when conducting clinical trials.

      

      
        How human activity has shaped Brazil Nut forests' past and future
        Researchers use genomic data to study the decline in genetic diversity in the Amazon Basin, particularly in Brazil Nut trees. The research uses genomic data to understand this keystone species' genetic health and adaptability, help reconstruct its demographic history, and assess the long-term impacts of human interaction on forest ecosystems. The findings emphasize the need for conservation strategies to consider both ecological and anthropogenic factors.

      

      
        Bacteria found to eat forever chemicals -- and even some of their toxic byproducts
        A team has identified a strain of bacteria that can break down and transform at least three types of PFAS, and, perhaps even more crucially, some of the toxic byproducts of the bond-breaking process.
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The benefits of speaking multiple languages | ScienceDaily
Encouraging bilingualism at home can have many cognitive benefits, which may be particularly helpful to kids with autism spectrum disorder (ASD), new research from the University of Miami College of Arts and Sciences indicates.


						
A team of researchers led by Celia Romero, a graduate student in clinical psychology, along with associate professor Lynn Perry, professor Michael Alessandri, and former University professor Lucina Uddin, explored the role of bilingualism in 112 children, including typically developing children and children with autism, between the ages of 7 to 12 years old. Overall, they found that children who spoke two or more languages often had stronger executive functioning skills. This means they are able to control impulses and to switch between different tasks more easily than children who only spoke one language.

"We discovered that multilingualism is associated with improvements in executive function, which in turn is associated with improvements in autism symptoms," Perry said. "There were hints of this in the literature before, but it was exciting to see how far reaching those differences were in this research."

Published in the journal Autism Research, the results are significant because executive functioning skills are a key challenge for children on the spectrum but are important for all kids to thrive in school and later in the workplace. Yet, the team found the benefits of speaking more than one language were not limited to children with autism.

Key features of autism include social communication difficulties and restrictive and repetitive behaviors, as well as difficulty with executive function skills. These are mental processes that help us plan, focus, remember instructions, and manage multiple tasks effectively. While executive function skills develop and improve across the lifespan, individuals with autism often struggle with executive functioning, impacting their ability to manage daily tasks and adapt to new situations.

The study also looked at the impact of multilingualism on core symptoms of autism, including perspective taking, restricted and repetitive behaviors, and social communication.

"We also found that multilingual children have enhanced perspective taking skills, or the ability to understand someone else's thoughts or point of view," Romero added.




An idea called joint activation from the field of neuroscience can help explain the results. Prior research suggests that the bilingual brain has two languages constantly active and competing. As a result, the daily experience of shifting between these languages is associated with enhanced executive control. This concept is also known as the "bilingual advantage" and is a topic of much debate.

"If you have to juggle two languages, you have to suppress one in order to use the other. That's the idea, that inhibition -- or the ability to stop yourself from doing something -- might be bolstered by knowing two languages," said Uddin, now a professor at the University of California, Los Angeles, and director of the Brain Connectivity and Cognition Laboratory.

Romero realized she wanted to explore this topic while working in Uddin's neuroscience lab on campus that was doing brain imaging research on children with autism. She noticed that some bilingual families did not speak to their child in their native language because they thought it may be too challenging and harmful for their child to learn more than one language.

"I started investigating this to let families know there's no detriment for their child to learn another language, whether or not they have a neurodevelopmental disorder," she said. "We know this through research, but often it takes time to translate that to families, so I hope this study helps address that."

In his work as executive director of the University's Center for Autism and Related Disabilities, Alessandri said this question often comes up with parents.

"It is wonderful to have sound research supporting our general recommendation to not restrict language exposures to children in multilingual homes," Alessandri said. "This will surely bring a sense of relief to many of our families living with loved ones with autism."

Romero and Perry are now doing further research with preschool children to see if bilingualism also has an impact on kids' peer interactions, which are crucial for children's social and cognitive development. And at UCLA, Uddin is currently conducting a large follow-up study to further investigate the impact of multilingualism on brain and cognitive development in children with autism.
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Landmark genetic study: Fresh shoots of hope on the tree of life | ScienceDaily
In the most comprehensive global analysis of genetic diversity ever undertaken, an international team of scientists has found that the genetic diversity is being lost across the globe but that conservation efforts are helping to safeguard species.


						
The landmark study, published in the pre-eminent scientific journal Nature, was led by Associate Professor Catherine Grueber from the School of Life and Environmental Sciences and a team of researchers from countries including the UK, Sweden, Poland, Spain, Greece and China.

The data spans more than three decades (from 1985-2019) and looks at 628 species of animals, plants and fungi across all terrestrial and most maritime realms on earth.

Two-thirds of the populations analysed are declining in genetic diversity but conservation efforts designed to improve environmental conditions, grow populations and introduce new individuals for breeding -- for example habitat restoration and animal translocations -- are sustaining, and in some cases increasing, genetic diversity in populations.

Associate Professor Grueber said: "There is no getting around the fact that biodiversity is declining at unprecedented rates across the globe -- but there are glimmers of hope. The action of conservationists is reversing these losses and helping to create genetically diverse populations that can better meet the challenges of the future."

The team of scientists used innovations in genetic analysis to gain new insights from studies carried out decades ago. Creating a common measurement scale, they were able to make comparisons between studies, even when they used different methodologies and collected genetic data in different ways.

"This kind of comprehensive global study would not have been possible even 10 years ago," Associate Professor Grueber said.




"Advances in genetics and statistics have given us new tools that mean we can continue to learn from studies long after they were carried out -- a huge benefit when we are looking at populations and trends on a global scale."

Conservation efforts that could improve or maintain genetic diversity include translocations -- where animals are moved between populations to benefit a species or ecosystem -- habitat restoration, population control -- where some individuals are removed to improve conditions for those that remain -- and controlling feral or pest species.

Successes include the reintroduction of the golden bandicoot into areas in Western Australia, the release of arctic foxes from captive breeding programs in Scandinavia, translocation of greater prairie chickens into existing populations in North America, and the effective treatment of disease within black-tailed prairie dog populations, which has improved the health of colonies in north-central Montana in the US.

The authors hope the findings will encourage more conservation efforts and lead to increased protections for populations that are currently not managed.

Co-first author, Dr Robyn Shaw from the University of Canberra, said: "Despite successes, we can't be complacent. Two-thirds of the populations analysed are facing threats, and among these populations less than half received any kind of conservation management. It's vital that we learn from what is working so that we can protect species in the long-term."

Case study animals

Further information about the species mentioned in the study, which have seen an increase in genetic diversity thanks to conservation actions. More examples are available from researchers.
    	Golden bandicoot (Isoodon auratus): an Australian threatened species, where genetic diversity was successfully maintained when establishing new populations in Western Australia.
    	Scandinavian arctic fox (Vulpes lagopus): the species has seen huge declines due to the fur trade. It now has smaller population sizes and faces competition from red foxes, among other threats. A range of conservation actions are being used, including supplementary feeding, the removal of red foxes and release of arctic foxes from captive breeding programs. These efforts have seen the maintenance of -- and in some cases an increase in -- genetic diversity, helping the population size to grow.
    	Black-tailed prairie dog (Cynomys ludovicianus): in the wild this species suffers from plague, which is spread by fleas. By dusting prairie dog burrows with an insecticide to control fleas, conservationists observed an improved gene flow and an increase in genetic diversity, improving the outlook for the population.
    	Greater prairie chicken (Tympanuchus cupido pinnatus): conservation efforts to translocate animals amongst sites and restore habitat have increased genetic diversity and reduced inbreeding, improving the prospects for these populations.
    	Hine's emerald dragonfly (Somatochlora hineana): an endangered US species which has declined and become fragmented due to habitat loss. Ongoing intensive management efforts to maintain habitat and reconnect habitat patches are helping the species maintain genetic diversity and are expected to help population sizes to grow.
    	Dusky gopher frog (Lithobates sevosus): a critically endangered species from Mississippi, which has very small population and low genetic diversity. These are increasing thanks to conservation efforts, such as "headstarting" (growing tadpoles in tanks), as well as managing wetlands and fire risks within the landscape.
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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Calorie labels on menus could make eating disorders worse | ScienceDaily
Calorie labels on restaurant menus are negatively impacting people with eating disorders, according to a new study published today in the BMJ Public Health.


						
The review, which is the first of its kind, is led by researchers at King's College London. It found that individuals who have been diagnosed with an eating disorder changed their behaviours if presented with a menu featuring calorie labels.

This included avoiding restaurants, triggering eating disorder thoughts and paying more attention to calorie labels as identified by eye tracking research.

The research found that some people with eating disorders reported that seeing menu labels reinforced their eating disorder beliefs.

The study evaluated existing research to help build a picture of how nutritional labels on menus impact people with a lived experience of eating disorders or disordered eating. It reviewed 16 studies from the UK, US, Canada and Saudi Arabia which included 8,074 participants in total.

The study highlights that people with eating disorders can feel that eating disorders are perceived as less important in the light of obesity prevention policies.

However, physical health cannot be measured by a single indicator such as weight. Some argue that calorie labels can be seen as a blunt instrument to fix a complicated problem and that people with eating disorders could be losing out.




Food labelling came into force in England in 2022. Restaurants, take-aways and cafes with 250 employees or more must display the calories of the food and drink they sell on menus, online menus and take-away platforms. The measure was an attempt to curb rising obesity levels. The United States and Canada have also made calorie displays mandatory, however, few policies targeting obesity have considered the potential impact on eating disorders.

The eating disorder charity Beat estimates that at least 1.25 million people in the UK have an eating disorder. The number of people admitted to hospital with an eating disorder has risen approximately 7% each year since 2005 -- 2006.

Senior author Dr Tom Jewell, Lecturer in Mental Health Nursing at King's College London, said: "Our study highlights that people with lived experience of eating disorders are frustrated at being left out of the conversation around calorie labels.

"Striking a balance between the positive and harmful impacts of calorie labels on menus is vital in any public health policies. Policymakers should consider the impact on both obesity and eating disorders when making decisions about nutrition labelling. A recent review found that calorie labelling has a modest effect on people's behaviour but this needs to be counterbalanced with the potential harm it does for people with eating disorders."

Co-author Dr Nora Trompeter, Research Fellow University College London, said: "Our study provides an important addition to the evidence base around calorie labels. Typically, there is a lot of focus on whether policies are effective in reducing obesity, but it is also critical to investigate whether these policies inadvertently harm people with eating disorders. Our review also shows that more research is needed to fully understand the impact of calorie labels on individuals with eating disorders. For example, none of the studies included young people."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250128221118.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Air pollution inequities linked to industrial swine facilities are detectable from space | ScienceDaily
A groundbreaking study led by University of Virginia researchers has used satellite measurements to show the long-term persistence of air pollution inequalities tied to industrialized swine facilities in Eastern North Carolina. Using satellite data spanning a 15-year period from 2008-2023, the study quantifies disparities in ammonia (NH3) -- an air pollutant emitted by swine operations -- for Black, Hispanic and Indigenous communities. These inequalities, exacerbated by hot and calm weather conditions, extend for multiple kilometers beyond the immediate vicinity of the facilities, highlighting the widespread impact of this environmental issue.


						
The study, published in the American Chemical Society journal Environmental Science & Technology by Sally Pusede and her team in the Department of Environmental Sciences at UVA, uses data from the Infrared Atmospheric Sounding Interferometer (IASI) aboard multiple polar-orbiting satellites. By analyzing NH3 levels in the atmosphere, UVA researchers were able to show that emissions from industrial swine operations result in systematic environmental inequalities.

Among the study's key findings were that air pollution inequalities can be measured from space. Satellite data analyzed by the research team revealed that NH3 levels were significantly higher in areas with dense populations of Black, Hispanic and Indigenous residents. Compared to non-Hispanic white populations, NH3 concentrations were on average 27% higher for Black communities, 35% higher for Hispanic communities and 49% higher for Indigenous communities during the years 2016-2021.

The study also finds that calm and hot weather conditions amplify these disparities, as low wind speeds reduce pollutant dispersion from swine facilities and because higher temperatures increase NH3 emissions through the evaporation of NH3 both at and downwind of swine facilities. On calm days, NH3 inequalities for Indigenous communities were more than twice as severe as on windy days, while hot days intensified NH3 exposures for Black and Hispanic populations.

Elevated NH3 concentrations were also observed several kilometers downwind of swine feeding operations under calm and hot weather conditions, confirming that the environmental impacts of these operations reach far beyond their immediate surroundings. This challenges claims that only those living very near facilities experience adverse effects.

Analysis of NH3 satellite data over a 15-year period, from 2008 to 2023, shows that disparities in NH3 concentrations have not lessened over time, underscoring the long-term nature of the issue.

The study highlights the role of industrial agriculture in perpetuating environmental racism, with communities of color bearing the brunt of air pollution linked to swine operations. These findings come amid ongoing debates about air quality regulations and the lack of federal standards for NH3, which is not currently covered by the Environmental Protection Agency's National Ambient Air Quality Standards.

"The satellite ammonia measurements are independent, observational evidence of inequalities in the air pollution impacts of industrial swine operations across Eastern North Carolina," Pusede said. "The satellite measurements are consistent with residents' claims of unfair and unaddressed air quality issues and highlight the urgent need for regulatory action."
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Complexity of tree-planting schemes | ScienceDaily
Research with smallholder farmers in Kenya shows that tree-planting schemes must account for complex local issues and preferences.


						
Tree planting is central to many countries' climate mitigation and biodiversity conservation goals, and Kenya alone plans to plant 15 billion trees by 2032.

Adding trees and shrubs to farmland (called agroforestry) can boost biodiversity, carbon storage, soil health, food production and income. But many tree-planting schemes overlook diversity and promote a narrow range of species.

The new study -- led by the University of Exeter -- examined the factors that enable or prevent Kenyan smallholders from increasing the diversity of trees and shrubs on their land.

"In Sub-Saharan Africa, where most food is produced on small farms, many countries are promoting agroforestry to address climate change and protect biodiversity," said Ennia Bosshard, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"Farmers play a crucial role in this effort as guardians of the land and trees, making it important to understand their decision-making regarding tree growing."

The researchers interviewed 620 smallholder farmers in the Kakamega forest landscape in Western Kenya.




"Key factors in their decision-making included past experiences, the influence of other farmers, and the perceived ability to grow different tree species," Bosshard continued.

Kenyan farmers in the study were generally positive about increasing the diversity of trees on their farms diversifying trees -- but the study identified several barriers.

Farmers were worried about negative consequences such as the risk of attracting harmful wildlife and harming the soil, farms being too small, lacking time and knowledge, and following local beliefs about trees.

Bosshard added: "We found that certain farmers were more likely to increase the tree and shrub diversity on their farms, especially if they had higher education (such as a university degree or a diploma), were heads of their households, had higher income, or relied fully on farming for their livelihoods."

To promote agroforestry that benefits people, nature and the climate, policies should address these barriers and support enabling factors raised by the farmers.

And a similar approach could be used around the world, ensuring that decision-making takes account of local factors.

The study was supported by the One CGIAR Nature+ initiative.
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Innovative one-minute video game boasts 80% success rate in diagnosing autism | ScienceDaily
A new one-minute video game is able to accurately and efficiently identify children with autism from those who have ADHD or are neurotypical.


						
Developed by researchers at Kennedy Krieger Institute and Nottingham Trent University, the tool, called the Computerized Assessment of Motor Imitation (CAMI), uses motion-tracking technology to detect differences in motor imitation skills.

In the study, 183 children, ages 7-13, were asked to copy the dance-like movements of a video avatar for one minute, while their imitation performance was measured using CAMI. The video game tool was able to correctly distinguish children with autism vs. neurotypical children with a 80% success rate. CAMI also differentiated autism from ADHD with 70% accuracy. Researchers say that this is a particular challenge because ADHD and autism often co-occur, and it can be hard to identify the diagnoses, even by expert clinicians.

Dr. Stewart Mostofsky, a pediatric neurologist and director of the Center for Neurodevelopmental and Imaging Research at Kennedy Krieger Institute and co-author of the study, says this tool is a step forward in how we diagnose autism.

"Diagnosing autism can be challenging, especially when children have overlapping traits with other conditions like ADHD. If the condition is misdiagnosed, it can impact support and resources for the child." said Dr. Mostofsky.

It is often time-consuming to diagnose autism, requiring highly trained clinicians and costing families an estimated $1,500 to $3,000 annually, according to the U.S. National Library of Medicine.

Dr. Bahar Tuncgenc, senior author and social development expert at Nottingham Trent University, said: "Autism is traditionally seen as a social-communication disorder, but we now know sensory-motor difficulties, like motor imitation, play a key role in shaping social and communication skills. CAMI identifies autism by tapping into these challenges, which are distinct from ADHD." She added, "What makes CAMI exciting is its simplicity. Video games are fun for kids, fast for clinicians, and provide clear results."

With further development, CAMI could be adapted for younger children and those with more severe developmental challenges, broadening its impact. Researchers hope CAMI's success inspires new ways to simplify and improve diagnostic tools for other conditions.

"This tool could transform autism diagnoses worldwide," said. Dr. Mostofsky. "By identifying autism as precisely as possible, we can connect children to interventions that improve their quality of life and long-term outcomes. We want to see CAMI used widely in clinics to support diagnosis as an alternative that is quick, low-cost, and requires minimal set-up."
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Strategic corporate social responsibility can create social, economic value | ScienceDaily
Strategic corporate social responsibility (CSR) efforts that are directly related to a hospitality company's core business operations and competencies can help companies create both social and business value, according to researchers in the Penn State School of Hospitality Management.


						
Led by Penn State Professor of Hospitality Management Seoki Lee, the research team developed a strategic framework to help hospitality companies optimize their CSR activities -- like environmental and social initiatives -- to obtain greater social and business value. The researchers published their work in the journal Tourism Economics.

"When it comes to strategic CSR, it is a company's core business operations and competencies that matter most," Lee said, pointing to a restaurant participating in food donation programs as an example of strategic CSR matching with a company's core business operations and competencies. "If a business is participating in CSR activities, those activities must be directly related to the company's core business operations and competencies. When they do that, they can create not only social value but also business value for the company itself."

The research team's strategic CSR framework consists of four components: shared value, enlightened stakeholder theory, resource-based theory and CSR-fit perspective.

Shared value relates to the need for companies to ensure CSR activities create both social and business value, such as a coffee shop working with local farmers to cultivate plants and harvest coffee beans in an environmentally friendly manner. By doing so, the company would add social value through supporting environmentally friendly practices and business value by gaining access to a key product.

Enlightened stakeholder theory centers around a company's ability to maximize long-term value from strategic CSR. Enlightened stakeholder theory shows that the economic return a business may receive from strategic CSR practices are generally long-term in nature, as it takes time for businesses to inform stakeholders about the benefits of CSR investments and the financial market to understand and recognize the true value of CSR investments, according to Lee.

The final two components of the framework consist of CSR fit and resource-based theory. CSR fit ensures a company's CSR positioning is aligned with its operations or competencies. Resource-based theory demonstrates how strategic CSR can improve a company's relationship with various stakeholders, such as when CSR engagement improves brand image and thus enhances the company's relationship with its consumer base.




"Companies must take care of social and environmental issues," Lee said. "When they know they must tackle those issues, they must ask, 'What is the best way to do that? What is the best way to create the most value?' Companies should aim to optimize the social and business value of CSR at the same time."

To understand perceptions of this strategic CSR framework, the researchers surveyed 310 participants recruited via a Qualtrics panel list. The survey asked participants how they perceived inclusion of business value in CSR and how people perceive CSR activities that relate to a company's core operations and competencies. Participants were also asked to rate both a restaurant and hotel company on how effective they were in implementing different CSR practices, some of which coincided closely with each respective industry, and others that did not.

Lee said the survey results indicate people perceive CSR to be more effective when a company's activities strategically relate back to its core operations and competencies, which supports the researchers' four-component framework.

"Many large corporations may try to do everything or a lot of things, as they have the interests of many stakeholders to take care of," Lee said. "However, if these corporations focus on a more limited number of CSR activities that are aligned with their core competencies, they can create increased business value while also creating greater social value. Creating business value is equally as important as creating social value because businesses may struggle to continue their CSR efforts if they do not generate economic value in return."

Penn State doctoral student Samantha Hwang, Minjung Shin of the University of Houston and Kyung Ho Kang of Kyung Hee University collaborated on this research.
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Floating solar increases greenhouse gas emissions on small ponds | ScienceDaily
While floating solar -- the emerging practice of putting solar panels on bodies of water -- is promising in its efficiency and its potential to spare agricultural and conservation lands, a new experiment finds environmental trade-offs.


						
In the first manipulative field study examining the environmental impacts of floating solar, published in Environmental Science and Technology, researchers found that floating solar panels increased greenhouse gas emissions on small ponds by nearly 27%.

"There have been a flurry of papers about floating solar, but it's mostly modeling and projections," said Steven Grodsky, assistant professor of natural resources and the environment. "This is the first manipulative study to produce empirical results. It's saying, here's what's actually happening. And what we found was that there was increased greenhouse gas emissions from ponds with floating solar."

Grodsky and collaborators covered three ponds at the Cornell Experimental Pond Facility with solar panels, at 70% coverage, and found that, almost immediately, methane and carbon dioxide emissions increased -- by 26.8% compared to ponds without solar panels -- and dissolved oxygen throughout the ponds substantially decreased.

"If you put floating solar on there," Grodsky said, "you're drastically reducing oxygen availability for organisms, you're messing with ecological processes, how decomposition takes place, the microbes, the way wind moves across the surface of the water. It's all connected."

The data is particularly important because much of the floating solar development in the U.S. is currently happening on small lakes and ponds, Grodsky said. It's also timely for New York state, where floating solar could be considered as an alternative to terrestrial solar and is the source of debate and exploration.

The study offers some bright sides for floating solar: When comparing floating solar to terrestrial solar in total emissions cost, from site development to maintenance and disposal, the floating solar's greenhouse gas emissions (per kilowatt hour of energy generated) are likely still lower than terrestrial solar and fossil fuel-based energy production. Seventy percent coverage also represents an outer limit, and the researchers made suggestions that might offset the panels' impacts, like reducing coverage or installing a bubbler to agitate the water, although more research is needed.

"If you look at the history of energy transitions -- from wood to fossil fuels, for example -- everything was based on energy production, and the environment wasn't taken into consideration, and now we have environmental injustice, we have climate change," Grodsky said. "The idea here is to nip that in the bud and re-envision the way we approach this energy transition."
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Scientific approach can optimize bike lane planning | ScienceDaily
When it comes to opinions about bike lanes, few of us are stuck in neutral. Love them or hate them though, new research says a dose of scientific rationality can help locate them in the best places. Congestion is minimized while more people ditch the car in favour of emissions-free, two-wheeled commuting.


						
Working with two other academics, smart city researcher Sheng Liu pulled data and talked to city planners in Vancouver and Chicago to develop a model that can help municipalities choose optimal locations as they expand their cycling lane networks in response to growing demand.

"Our model provides a systematic decision-making tool for municipalities to design new bike lanes using existing data," said Prof. Liu, an assistant professor of operations management and statistics at the University of Toronto's Rotman School of Management. "It helps policymakers better quantify and evaluate the potential benefits and risks of bike lane construction. In particular, it can predict whether and where traffic will get better or worse and if emissions will go down."

Bike lanes have taken off across North America, leading to reduced traffic fatalities, lower-cost access to private transportation and improved physical activity for cyclists. But, as many commuters have already concluded, "ignoring traffic dynamics when designing bike lanes can needlessly worsen congestion," the researchers write. And there might not even be much of an uptick in cycling ridership.

Part of the problem is that city planners tend to rely on simplified planning approaches that can't account for all the factors that influence the impacts of locating a bicycle lane on a particular roadway, or multiple ones in a roadway system.

The researchers' model uses a city's traffic and commuter mobility data to predict how cycling and traffic congestion will behave and change according to where bicycle lanes are located. The model estimates how driving travel time changes according to vehicle volume and road features, the attractiveness of cycling or driving on a roadway according to predicted travel times and the presence of bike lanes and, based on all of that, plus a host of other variables, which roads in a network will have the most cycling use and least congestion if bike lanes are located there.

Applied to the city of Chicago, one of the most traffic-congested U.S. cities and where expansion of its cycling network is a major policy priority, the model estimated that adding 40 km of additional bicycle lanes in specific locations would increase cycling ridership from 3.6 per cent to 6.1 per cent in the city's downtown, while increasing driving time by no more than 9.4 per cent.

"As bike lanes expand, some roads may observe more congestion, and some roads may actually see improved traffic," said Prof. Liu. "On the network level, we find that the overall travel time for all commuters is shorter under the proposed bike lane expansion plan. This implies lower emissions as well."

Acknowledging that bike lanes can inspire heated debates, Prof. Liu advised that "we should let data speak and follow a scientific approach" to evaluate their effectiveness. "Simply taking out bike lanes from the streets would not solve our congestion problem and could likely make it worse."
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Global sea level very likely to rise between 0.5 and 1.9 meters by 2100 under high-emissions scenario | ScienceDaily
An interdisciplinary team of researchers from Nanyang Technological University, Singapore (NTU Singapore), and Delft University of Technology (TU Delft), The Netherlands, has projected that if the rate of global CO2 emissions continues to increase and reaches a high emission scenario, sea levels would as a result very likely rise between 0.5 and 1.9 metres by 2100. The high end of this projection's range is 90 centimetres higher than the latest United Nations' global projection of 0.6 to 1.0 metres [1].


						
The very likely range (90 per cent probability for the event to occur), reported by the NTU team in the scientific journal Earth's Future, complements sea-level rise projections reported by the United Nation's Intergovernmental Panel on Climate Change (IPCC), which only assessed the probability of projections up to a likely range (66 per cent probability).

Current sea-level projections rely on a range of methods to model climate processes. Some include well-understood phenomena like glacier melting, while others incorporate more uncertain events, such as abrupt ice shelf collapse.

As a result, these models produce varying projections, making it difficult to estimate reliable extreme sea-level rise. This ambiguity in projections from different methods has prevented the IPCC from providing very likely ranges for sea-level projections -- a valuable standard in managing risk.

To overcome this challenge and to address the uncertainties in current sea-level rise projections, NTU researchers developed a new, improved projection method known as the "fusion" approach. This approach combines the strengths of existing models with expert opinions, offering a clearer, more reliable picture of future sea-level rise.

Lead author of the study, Dr Benjamin Grandey, Senior Research Fellow at NTU's School of Physical and Mathematical Sciences (SPMS), said, "Our new approach tackles a key issue in sea-level science: different methods of projecting sea-level rise often produce widely varying results. By combining these different approaches into a single fusion projection, we can estimate the uncertainty associated with future sea-level rise and quantify the very likely range of sea-level rise."

The research team believes their new method fills a critical gap for reliable information, complementing the IPCC's latest report.




The fusion approach: Combining strengths of existing models

The interdisciplinary NTU team of physicists and climate scientists created the fusion model by integrating statistical methods with expert judgments. They used data from established projections presented in the IPCC's Sixth Assessment Report, which simulate potential future scenarios under different emissions pathways.

The researchers combined different classes of projections reported in the IPCC report. They incorporated both 'medium confidence' and 'low confidence' projections, supplemented by expert assessments, to account for poorly understood extreme processes, such as sudden shifts in ice sheet behaviour. A weighting system was applied, prioritising more reliable medium-confidence data while still including lower-confidence projections to address uncertainties.

Projections based on this fusion approach suggest that under a low-emissions scenario, global mean sea levels are very likely to rise between 0.3 and 1.0 metres by 2100. The IPCC's likely range projected global mean sea level to rise by 0.3 to 0.6 metres.

Under a high-emissions scenario, the NTU fusion model projects global mean sea level will very likely rise between 0.5 and 1.9 metres by 2100. The IPCC likely range projected a rise between 0.6 to 1.0 metres.

The broader ranges indicated by the NTU model suggest that previous estimates may have understated the potential for extreme outcomes, with levels possibly rising to 90 cm higher than the upper end of the IPCC's likely range under a high-emissions pathway.




Current emissions trends suggest that the world is on a trajectory between the low-emissions and high-emissions scenarios.

"Our new very likely projections highlight just how large the uncertainties are when it comes to sea-level rise," said Dr Grandey. "The high-end projection of 1.9 metres underscores the need for decision-makers to plan for critical infrastructure accordingly. More importantly, these results emphasise the importance of climate mitigation through reducing greenhouse gas emissions."

Co-author, Professor Benjamin Horton, Director, Earth Observatory of Singapore at NTU, said, "This NTU research represents a significant breakthrough in sea-level science. By estimating the probability of the most extreme outcomes, it underscores the severe impacts of sea-level rise on coastal communities, infrastructure, and ecosystems, emphasising the urgent need to address the climate crisis."

Why the new projection method matters 

Accurate projections of sea-level rise are essential for preparing for climate change. The NTU team believes that their new method provides valuable, actionable information for urban planners and governments, helping them plan and implement measures to protect vulnerable communities, especially in extreme sea-level rise scenarios.

Co-author, Professor Chew Lock Yue from NTU School of SPMS, said, "By appropriately combining the best available knowledge of sea-level information at different confidence levels into a single fused probability distribution, we have developed a novel way to project the full uncertainty range of future sea-level rise."

Co-author, Associate Professor Justin Dauwels, Signal Processing Systems (SPS), Department of Microelectronics at TU Delft, said, "Our new method for projecting the full uncertainty range of future sea-level rise can also be applied for other climate projections and beyond, including coastal flooding risk assessments, infrastructure vulnerability analysis, and economic impact forecasts."

This study exemplifies NTU's commitment to advancing climate science research and supporting global sustainability efforts and is supported by the National Research Foundation, Singapore, and National Environment Agency, Singapore under the National Sea Level Programme Funding Initiative (Award No. USS-IF-2020-3).

[1] Projection based on the Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report. The IPCC is a United Nations body that provides authoritative scientific assessments on climate change. https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-9/
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Botanic Gardens must team up to save wild plants from extinction | ScienceDaily
A major study of botanic gardens around the world has revealed their struggles with one fundamental aim: to safeguard the world's most threatened plants from extinction.


						
Researchers analysed a century's worth of records -- from 1921 to 2021 -- from fifty botanic gardens and arboreta currently growing half a million plants, to see how the world's living plant collections have changed over time.

The results suggest that the world's living collections have collectively reached peak capacity, and that restrictions on wild plant collecting around the world are hampering efforts to gather plant diversity on the scale needed to study and protect it.

There is little evidence that institutions are managing to conserve threatened plants within collections, on a global scale, despite accelerating rates of elevated extinction risk. The findings imply that tackling the loss of biodiversity has not been prioritised across the world's botanic gardens as a collective -- a fact the researchers say must be urgently addressed.

Curator of Cambridge University Botanic Garden Professor Samuel Brockington, who led the work, said: "A concerted, collaborative effort across the world's botanic gardens is now needed to conserve a genetically diverse range of plants, and to make them available for research and future reintroduction into the wild."

In their report, published in the journal Nature Ecology and Evolution, the researchers say the Convention on Biological Diversity (CBD) has effectively halved the level at which plants are being collected from the wild, and also created obstacles to the international exchange of plants.

Brockington, who is also Professor of Evolution in the University of Cambridge's Department of Plant Sciences, said: "The impact of the Convention on Biological Diversity is a remarkable demonstration of the power and value of international agreements. But it seems to be preventing individual botanic gardens from working with many globally threatened plant species that we could help save from extinction."

Collective thinking




As much as 40% of the world's plant diversity is at elevated risk of extinction. Acceptance that individual collections have limited capacity to single-handedly prevent species extinction demands a rethink as to how they collaborate to store and safeguard diversity in living collections.

The researchers say it will be vital for the living collections to be considered as a 'meta-collection' in future: only by working closely together will the world's botanic gardens be able to hold the range of plants needed to make a meaningful contribution to conservation efforts. This will include sharing data and expertise and supporting the development of new collections in the global south, where much of the world's biodiversity is located.

The researchers point out that some individual institutions, like the Royal Botanic Gardens Edinburgh, have successfully targeted and measurably conserved threatened conifer species. Similarly, Botanic Gardens Conservation International (BGCI) has established numerous global conservation consortia. However, these initiatives are the exception.

Wild decline

Plants must be regularly replaced or propagated within living collections: the average lifetime of a specimen is just 15 years. But the team's analysis found that the number of wild-origin plants -- those collected in the wild -- in the collections peaked in 1993 and has been in decline ever since.

"It is certainly not getting any easier to sustain the diversity of our collections. This is especially true for wild-collected plants, and they're the most valuable for us in terms for supporting research, and in finding solutions to the twin challenges of climate change and global biodiversity loss," said Brockington.




Weather worries

As climate change alters growing conditions in different regions of the world, it will become more challenging for individual botanic gardens to continue to grow such a diverse range of species.

Brockington said: "Climate change affects our work directly by altering local weather conditions -- we've already seen record-breaking temperatures in

Cambridge in recent years. That's going to affect how well our plants survive, so we need to think rationally and collectively about the best locations to hold different species across the global network of living collections."

On 25 July 2019, Cambridge University Botanic Garden reached 38.70C -- the highest temperature ever recorded in the UK at that time.

Diversity is key

Genetic diversity is important when it comes to protecting plants at risk of extinction, because it allows for breeding populations of species that can adapt to future challenges. The more individual plants of a particular species in a collection, the greater the genetic diversity is likely to be.

The team says data from the International Conifer Conservation Programme, run by the Royal Botanic Garden Edinburgh, shows that living collections can make a valuable contribution to conservation efforts -- given the right resource and focus. By distributing threatened species across a network of safe sites, the trees are grown where they grow best, and as a whole they represent a strong sample of the genetic diversity of this important group.

Ethical collecting

Last year, Cambridge University Botanic Garden advertised for a new 'Expedition Botanist' to lead global plant-collection expeditions and contribute to vital conservation efforts.

Brockington says these expeditions remain vital to work to safeguard and study the world's plant species. He suggests that collaborative collecting work is possible, in a fair and ethical way, that builds equitable international partnerships.

The CBD is a global agreement, signed by 150 government leaders in 1992, dedicated to promoting sustainable development. It makes each country responsible for protecting its own biodiversity, and supports fair and equitable sharing of the benefits arising out of the use of that biodiversity.

There are 3,500 botanic gardens and arboreta worldwide. They exist so that scientists can study, conserve and provide access to the world's plants, as well as showcasing them to the public.

Botanic Gardens Conservation International (BGCI) is a charity whose purpose is to mobilise botanic gardens and engage partners in securing plant diversity for the wellbeing of people and the planet.
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A new experimental system to bring quantum technologies closer to students | ScienceDaily
The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology concepts and recognizing their relevance to technological progress is one of the challenges of 2025, declared the International Year of Quantum Science and Technology by UNESCO.


						
Now, a team from the Faculty of Physics of the University of Barcelona has designed new experimental equipment that makes it possible for students to familiarize themselves with the more complex concepts of quantum physics. The configuration they present -- versatile, cost-effective and with multiple ways of application in the classroom -- is already operational in the Advanced Quantum Laboratory of the UB's Faculty of Physics and could also be accessible in less specialized centres.

This innovation is presented in an article in the journal EPJ Quantum Technology, which results from a collaboration between professors Bruno Julia, from the Department of Quantum Physics and Astrophysics and the UB Institute of Cosmos Sciences (ICCUB); Marti Duocastella, from the Department of Applied Physics and the UB Institute of Nanoscience and Nanotechnology (IN2UB), and Jose M. Gomez, from the Department of Electronic and Biomedical Engineering. It is based on the result of Raul Lahoz's master's final project, with the participation of experts Lidia Lozano and Adria Bru.

Study of phenomena unique to quantum mechanics  Quantum mechanics makes it possible to create so-called entangled systems -- for example, with two particles or two photons -- that behave in a non-intuitive way. In 1964, the physicist John S. Bell experimentally proved that the predictions of quantum mechanics were totally incompatible with a classical description of physics -- a hypothesis that had been advocated by Albert Einstein -- and consolidated the probabilistic nature of quantum mechanics. In 2022, scientists Alain Aspect, John F. Clauser and Anton Zeilinger were awarded the Nobel Prize in Physics for pioneering experiments in quantum information on entangled photons and the experimental demonstration of the violation of Bell's inequalities.

Quantum entanglement is today one of the fundamental resources to drive the development of quantum technologies (quantum computers, data encryption, etc.). "The study of Bell inequalities -- in particular, observing violations of the inequalities -- is fundamental to characterizing quantum entangled systems. It is important to be able to perform these experiments in a teaching laboratory to understand Bell's inequalities, quantum entanglement and the probabilistic nature of quantum mechanics," says Bruno Julia.

Marti Duocastella explains in the article that they have designed "new experimental equipment capable of providing students with direct measurements of quantum entanglement." "From our perspective, -- says the researcher -- we believe that allowing students to make these measurements will greatly facilitate their understanding of this unintuitive phenomenon."

Introducing students to advanced tools  The system designed by the UB team makes it possible to study Bell inequalities and also to perform full two-photon state tomography. With a simple operation, it can prepare different quantum entangled states. Compared to previous proposals, "the new equipment has improved the photon-capture process: it uses detectors assembled to optical fibres, one of the key innovations to simplify the experiment, which facilitates the alignment of the system and increases the efficiency of the detection. Thus, a complete measurement of the Bell inequalities can be performed during a practical laboratory session (between one and two hours)," say Julia and Duocastella.

The results reveal successful manipulation of the quantum state of photons and the achievement of high-fidelity entangled states and significant violations of Bell inequalities. Also, the elements of the system are widely used in current quantum technologies, facilitating students' contact with advanced instrumentation.

This innovation, which has already been applied in bachelor's and master's degree courses, has received very positive feedback from all students. In the bachelor's degree in Physics, it allows experimental demonstrations to be carried out to complement the subject of Classical and Quantum Information Theory and Quantum Mechanics. In the master's degree course, it is one of the four experiments in the Advanced Quantum Laboratory of the Master's degree in Quantum Science and Technologies.

This study has received funding from both the Spanish Ministry of Science, Innovation and Universities and the European Union's Next Generation EU funds.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250127124201.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Inconsistencies in hospital toxicology screening protocols following serious motor vehicle collisions | ScienceDaily
In 2010, Massachusetts adopted legislation that amended the Safe Driving Law, encouraging health care providers to report patients to the state Registry of Motor Vehicles (RMV) if there was "reasonable cause to believe that an operator is not physically or medically capable of safely operating a motor vehicle." In response to this new legislation, trauma physicians at two Boston academic medical centers initiated a reporting policy that stipulates patients admitted after a serious motor vehicle collision that may have been caused by intoxicated driving, are to be reported to the RMV by the attending trauma physician for potential license suspension.


						
A new study by researchers at Boston University Chobanian & Avedisian School of Medicine, Boston Medical Center, Tufts Medical Center and UMass Memorial Medical Center has found that drug screening practices may be inconsistent with potential downstream effects in reporting to the RMV.

"This inconsistency raises concerns about fairness and effectiveness in preventing impaired driving and highlights disparities in policy implementation; there is a need for standardized, equitable reporting protocols across hospitals," explains corresponding author Neil Singh Bedi, a fourth-year medical student at Boston University.

The researchers analyzed data from two large trauma centers to see how often alcohol and drug screenings were done after serious car crashes. They linked these hospital records with the Massachusetts RMV database to track if patients who were reported had their licenses suspended. They then compared suspension rates across different groups to check for inconsistencies or disparities.

They found toxicology and ethyl alcohol or ethanol (EtOH)screening rates differed significantly between trauma centers. Across all patients, 11.5% of the patients had neither urine or serum toxicology screening done and 47% only had EtOH screening performed. Both EtOH and toxicology screening were completed in 41% of patients, and 1% of patients had only toxicology screening completed. While the screening rates varied based on the type of screenings performed (EtOH and/or toxicology), there were no differences by race or whether patients had any screening, either EtOH or toxicology.

According to the researchers, all serious motor vehicle collision patients should have blood drawn, and serum EtOH and toxicology screening should be part of the standard protocol, even if urine is not immediately collected. "The stark differences in hospital practices surrounding screening for EtOH and toxicology creates a challenge for analysis and offers an opportunity for improvement in the initial trauma assessment and emergency room screening practices," adds Bedi.

These findings appear online in the journal Academic Emergency Medicine.
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Researchers invent a new tool to help lower the cost of tomorrow's medicine | ScienceDaily
University of Missouri researchers and collaborators have developed a new chemical tool that could help lower the cost of prescription medications.


						
The tool, called AshPhos, is a ligand, or molecule, that makes it easier to create special carbon-nitrogen bonds. These bonds are the backbone of more than half of all medicines on the market today.

"What makes AshPhos special from other existing ligands is that it's made from inexpensive and easy-to-find materials, and it is far better in terms of activity and efficiency," said Sachin Handa, an associate professor of chemistry at Mizzou's College of Arts and Science.

That's by design.

The team, led by Handa and graduate student Ashish Dusunge, alongside Biohaven Pharmaceuticals, developed AshPhos with the goal of promoting sustainable chemistry.

"It's eco-friendly because it's made with less waste and uses materials from renewable sources," Handa said. "It will also make medicine production cheaper, helping more people afford the medications they need."

Handa, who grew up in India and was a first-generation high school student, knows firsthand the importance of providing affordable life-saving medication.




"Witnessing people in India struggle to access essential health care during my childhood continues to motivate me to use my expertise as a chemist to create solutions that benefit society as a whole," he said.

Other potential applications

Looking ahead, researchers plan to explore the use of AshPhos beyond pharmaceutical applications.

One idea is to use AshPhos to create nanomaterials that can facilitate hydrogen evolution. Hydrogen is considered a clean energy source, and efficient methods for its production are crucial for transitioning toward renewable energy sources.

Another idea is to investigate how AshPhos could help degrade PFAS, or "forever chemicals." By developing a catalyst using AshPhos and earth-abundant metals, Handa said they could provide a potential solution for breaking down these persistent pollutants.

While future applications are still under development, they showcase the versatility of AshPhos and highlight its potential to address critical challenges related to energy and environmental sustainability.




The mechanics of AshPhos

How does it work?

"Ligands such as AshPhos facilitate the formation of carbon-nitrogen bonds by stabilizing metal ions and guiding them in reactions, called Buchwald-Hartwig aminations," said Handa, who was hired through the university's MizzouForward initiative in 2023. "This is important for highly challenging bulky molecules that otherwise deactivate the catalyst in the absence of AshPhos."

AshPhos, named in part for Dusunge, the first author of the study, works by binding to a metal atom, transforming it into a catalyst. This catalyst is essential for the reaction to proceed. The metal catalyst then brings together a "highly challenging" molecule containing carbon and another containing nitrogen, facilitating the formation of a carbon-nitrogen bond between them, Handa said.

In the case of AshPhos, the ligand attaches to a metal -- palladium -- to help it speed up chemical reactions more effectively.

"It acts as a 'boss' by directing the metal what to do, ensuring the metal stays active and selective during the process," Handa said.

During this process, the ligand might temporarily detach from the metal, rendering it inactive. AshPhos can prevent this from happening by reattaching to the metal with a little heat, ensuring the catalyst remains active and the reaction continues.

"This reattachment ability is key to AshPhos' effectiveness and makes it superior to many existing ligands," Handa said. "Our ligand is very strong -- it's like locking a door with a key, ensuring it stays securely closed and won't open."

Innovations such as AshPhos are the hallmarks of Mizzou researchers, including Handa, whose work is powering the new Center for Energy Innovation.

Funding was provided by grants awarded to Handa from the U.S. National Science Foundation (CHE 2044778 and 2345856). AshPhos has received commercial interest from entities in both the U.S. and Europe.
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Vacations are good for employee well-being, and the effects are long lasting | ScienceDaily
If you're like many Americans, you probably didn't take all your vacation time this past year. Even if you did, it's highly likely you didn't fully unplug while off the clock.


						
But you might want to change that if you want to improve your health and well-being, according to a new review article from the University of Georgia.

The meta-analysis of 32 studies from nine countries suggests that not only are vacations more beneficial for boosting employee well-being than previously thought, but the positive effects of annual leave last much longer than the ride home from the airport.

"The theme of the paper is that vacations create longer-lasting benefits than previously thought," said Ryan Grant, lead author of the study and a doctoral student in psychology in UGA's Franklin College of Arts and Sciences. "Job demands and job stress are on the rise. But people think that they can't take time off because they don't want to look bad or lose out on an opportunity for promotion.

"We think working more is better, but we actually perform better by taking care of ourselves. We need to break up these intense periods of work with intense periods of rest and recuperation."

Disengage from work on vacation for maximum well-being benefits

How you vacation makes a difference in how restorative your time off is, though.




The researchers found that employees who psychologically disengaged from work on their vacations saw the most improvement in their well-being.

"If you're not at work but you're thinking about work on vacation, you might as well be at the office," Grant said. "Vacations are one of the few opportunities we get to fully just disconnect from work."

Ideally, that means not answering emails, taking work calls or even thinking about the office.

Work up a sweat on your trip

The analysis also found that people who engaged in physical activities while on vacation experienced higher levels of well-being and restoration.

But that doesn't have to mean going for a marathon hike or sweat session on holiday.




"Basically anything that gets your heart rate up is a good option," Grant said.

"Plus, a lot of physical activities you're doing on vacation, like snorkeling for example, are physical. So they're giving you the physiological and mental health benefits. But they're also unique opportunities for these really positive experiences that you probably don't get in your everyday life."

Plan time before and after vacation to decompress

The review also suggests that longer vacations offer larger benefits for employees once they head back to work.

Although longer vacation stretches appear to be more beneficial, those getting back from extended trips can also experience a steeper decline in their well-being once they're back to reality.

That's why the periods right before and immediately after vacation are key.

Giving yourself time to pack and plan your trip ahead of time reduces stress and can help maximize well-being benefits. And incorporating a day or two off to reacclimate when you get home can ease the transition back into work mode, the researchers said.

Published in Journal of Applied Psychology, the meta-analysis was co-authored by Beth Buchanan, a late Ph.D. student in UGA's Department of Psychology, and Kristen Shockley, an adjunct associate professor in UGA's Department of Psychology and an associate professor at Auburn University.
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Progress and challenges in brain implants | ScienceDaily

The research and development of neuroprostheses has entered a phase in which experiments on animal models are being followed by tests on humans. Only recently, reports of a paraplegic patient in the USA who was implanted with a brain chip as part of a clinical trial caused a stir. With the help of the implant, the man can control his wheelchair, operate the keyboard on his computer and use the cursor in such a way that he can even play chess. About a month after the implantation, however, the patient realised that the precision of the cursor control was decreasing and the time between his thoughts and the computer actions was delayed. "The problem could be partially, but not completely, resolved -- and illustrates just one of the potential challenges for research into this technology," explains study author Stanisa Raspopovic from MedUni Vienna's Center for Medical Physics and Biomedical Engineering, who published the paper together with Marcello Ienca (Technical University of Munich) and Giacomo Valle (ETH Zurich). "The questions of who will take care of the technical maintenance after the end of the study and whether the device will still be available to the patient at all after the study has been cancelled or completed are among the many aspects that need to be clarified in advance in neuroprosthesis research and development, which is predominantly industry-led."

Protection of highly sensitive data

Neuroprostheses establish a direct connection between the nervous system and external devices and are considered a promising approach in the treatment of neurological impairments such as paraplegia, chronic pain, Parkinson's disease and epilepsy. The implants can restore mobility, alleviate pain or improve sensory functions. However, as they form an interface to the human nervous system, they also have an effect on a psychological level: "They can influence consciousness, cognition and affective states and even free will. This means that conventional approaches to safety and efficacy assessment, such as those used in clinical drug trials, are not suitable for researching these complex systems. New models are needed to comprehensively evaluate the subjective patient experience and protect the psychological privacy of the test subjects," Raspopovic points out.

The special technological features of neuroimplants, in particular the ability to collect and process neuronal data, pose further challenges for clinical validation and ethical oversight. Neural data is considered particularly sensitive and requires an even higher level of protection than other health information. Unsecured data transmission, inadequate data protection guidelines and the risk of hacker attacks are just some of the potential vulnerabilities that require special precautions in this context. "The use of neural implants cannot be reduced to medical risks," summarises Stanisa Raspopovic. "We are only in the initial phase of clinical studies on these technological innovations. But questions of ethical and scientific diligence in dealing with this highly sensitive topic should be clarified now and not only after problems have arisen in test subjects or patients."
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How human activity has shaped Brazil Nut forests' past and future | ScienceDaily
Researchers from the German Max Planck Institutes of Geoanthropology and Biology Tubingen use genomic data to study the decline in genetic diversity in the Amazon Basin, particularly in Brazil Nut trees. The research uses genomic data to understand this keystone species' genetic health and adaptability, help reconstruct its demographic history, and assess the long-term impacts of human interaction on forest ecosystems. The findings emphasise the need for conservation strategies to consider both ecological and anthropogenic factors.


						
The significant decline in genetic diversity in the Amazon Basin, following historical events such as European colonisation, deforestation and the extinction of megafauna such as the sloth -- the main seed dispersal agents, is of particular concern for the genetic health of Brazil Nut trees (Bertholletia excelsa). As one of the most impacted keystone species in rainforests, Brazil Nut trees are essential for biodiversity and a vital income source for local economies.

A crucial study led by researchers from the Max Planck Institute of Geoanthropology and the Max Planck Institute for Biology Tubingen unveils critical insights into the species' genetic diversity and population dynamics, providing valuable anthropocentric and biological information for this threatened forest ecosystem.

"This research provides an amazing opportunity to study see how human actions, even in the distant past, have affected genetic makeup in a wild species over short time scales," stated Detlef Weigel, Director of the Department of Molecular Biology at the Max Planck Institute for Biology Tubingen.

Genomic analyses reveal the importance of Indigenous management practices

Using advanced genomic techniques, the researchers comprehensively analysed total sequence variants of 270 Brazil Nut tree samples with known archaeological evidence at different locations to reveal insights into genetic structure and gene flow. The study provides detailed genomic data, including identifying over 126,000 genetic variants in Brazil Nut, providing valuable insights into the genetic health and adaptability of the species in the face of environmental changes.

The findings indicate that while the genetic diversity of Brazil Nut has drastically declined compared to other species over the last 20,000 years, while areas with a history of Indigenous management show more complex genetic backgrounds. This study reveals the connection between the plants and Indigenous land stewardship. In particular, younger trees in the protected Tefe National Forest (TEF), estimated to be under 200 years old, exhibit complex genetic backgrounds compared to other studied groups, likely due to natural disturbances and local communities' management. This genetic diversity is crucial for the species' resilience and adaptability in the face of environmental changes. Traditional ecological practices may promote the species' genetic diversity and health, providing a model for sustainable management.

Victor Caetano-Andrade, Postdoctoral researcher in the Department of Coevolution of Land Use and Urbanisation at the Max Planck Institute of Geoanthropology, explains, "We aimed to bridge gaps in our understanding of the long-term anthropogenic influences on forest ecosystems. Our findings demonstrate how Indigenous land management practices play a significant role in maintaining the genetic diversity of Brazil nut populations."

Promoting collaboration between scientists and local Indigenous land stewards and their historical ecological knowledge has the potential to create more effective and inclusive conservation policies.

Looking ahead, the researchers plan to expand their studies to include more regions and additional species within the Amazon rainforest. The goal is to develop comprehensive conservation frameworks that protect Brazil Nut trees and enhance the ecosystem's resilience.
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Bacteria found to eat forever chemicals -- and even some of their toxic byproducts | ScienceDaily
In the quest to take the "forever" out of "forever chemicals," bacteria might be our ally.


						
Most remediation of per- and polyfluoroalkyl substances (PFAS) involves adsorbing and trapping them, but certain microbes can actually break apart the strong chemical bonds that allow these chemicals to persist for so long in the environment.

Now, a University at Buffalo-led team has identified a strain of bacteria that can break down and transform at least three types of PFAS, and, perhaps even more crucially, some of the toxic byproducts of the bond-breaking process.

Published in this month's issue of Science of the Total Environment, the team's study found that Labrys portucalensis F11 (F11) metabolized over 90% of perfluorooctane sulfonic acid (PFOS) following an exposure period of 100 days. PFOS is one of the most frequently detected and persistent types of PFAS and was designated hazardous by the U.S. Environmental Protection Agency last year.

The F11 bacteria also broke down a substantial portion of two additional types of PFAS after 100 days: 58% of 5:3 fluorotelomer carboxylic acid and 21% of 6:2 fluorotelomer sulfonate.

"The bond between carbon and fluorine atoms in PFAS is very strong, so most microbes cannot use it as an energy source. The F11 bacterial strain developed the ability to chop away the fluorine and eat the carbon," says the study's corresponding author, Diana Aga, PhD, SUNY Distinguished Professor and Henry M. Woodburn Chair in the Department of Chemistry, within the UB College of Arts and Sciences, and director of the UB RENEW Institute.

Unlike many prior studies on PFAS-degrading bacteria, Aga's study accounted for shorter-chain breakdown products -- or metabolites. In some cases, F11 even removed fluorine from these metabolites or broke them down to minute, undetectable levels.




"Many previous studies have only reported the degradation of PFAS, but not the formation of metabolites. We not only accounted for PFAS byproducts but found some of them continued to be further degraded by the bacteria," says the study's first author, Mindula Wijayahena, a PhD student in Aga's lab.

The work was supported by the National Institute of Environmental Health Sciences, part of the National Institutes of Health. Other collaborators include the Catholic University of Portugal, the University of Pittsburgh and the Waters Corp.

Picky eaters learn to like PFAS

PFAS are a group of ubiquitous chemicals widely used since the 1950s in everything from nonstick pans to fire-fighting materials.

They're far from the meal of choice for any bacterium, but some that live in contaminated soil have mutated to break down organic contaminants like PFAS so that they can use their carbon as an energy source.

"If bacteria survive in a harsh, polluted environment, it's probably because they have adapted to use surrounding chemical pollutants as a food source so they don't starve," Aga says. "Through evolution, some bacteria can develop effective mechanisms to use chemical contaminants to help them grow."

The bacterial strain used in this study, F11, was isolated from the soil of a contaminated industrial site in Portugal and had previously demonstrated the ability to strip fluorine from pharmaceutical contaminants. However, it had never been tested on PFAS.




Collaborators from the Catholic University of Portugal placed F11 in sealed flasks with no carbon source aside from 10,000 micrograms per liter of PFAS. Following incubation periods of between 100 to 194 days, the samples were then shipped to UB, where analysis revealed that F11 had degraded some of the PFAS.

The elevated levels of fluoride ions detected in these samples indicated that F11 had detached the PFAS' fluorine atoms so that the bacteria could metabolize the carbon atoms.

"The carbon-fluorine bond is what makes PFAS so difficult to break down, so to break them apart is a critical step. Crucially, F11 was not only chopping PFOS into smaller pieces, but also removing the fluorine from those smaller pieces," Wijayahena says.

Some of the metabolites left behind still contained fluorine, but after being exposed to PFOS for 194 days, F11 had even removed fluorine from three PFOS metabolites.

"As a caveat, there could be other metabolites in these samples so miniscule that they elude current detection methods," Aga says.

Making PFAS a desirable menu item

While UB researchers say their study is a good start, they caution that the F11 took 100 days to biodegrade a significant portion of the supplied PFAS, and there were no other carbon sources available for consumption.

The team now plans to research how to encourage F11 to consume PFAS faster, even when there are competing energy choices that could increase their growth rate.

"We want to investigate the impact of placing alternative carbon sources alongside the PFAS. However, if that carbon source is too abundant and easy to degrade, the bacteria may not need to touch the PFAS at all," Aga says. "We need to give the F11 colonies enough food to grow, but not enough food that they lose the incentive to convert PFAS into a usable energy source."

Eventually, F11 could be deployed in PFAS-contaminated water and soil. This might involve creating conditions to grow the strain within activated sludge at a wastewater treatment plant, or even injecting the bacteria directly into the soil or groundwater of a contaminated site, a process called bioaugmentation.

"In wastewater- activated sludge systems, you could accelerate removal of undesired compounds by adding a specific strain to the existing bacterial consortium in the treatment plants," Aga says. "Bioaugmentation is a promising method that has not yet been explored for PFAS remediation in the environment."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties
        Scientists have discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair. After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair 'sebum' (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it v...

      

      
        A less 'clumpy,' more complex universe?
        New research has combined cosmological data from two major surveys of the universe's evolutionary history and found hints that it may be less clumpy at certain points than previously thought. Their findings suggest that the universe may have become more complex with advancing age.

      

      
        Scientists 'mimic real biological processes' using synthetic neurons
        A new collaboration has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons.

      

      
        Oceanic plate between Arabian and Eurasian continental plates is breaking away
        An international research team has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to...

      

      
        New acoustic wave phenomenon discovered
        This novel finding regarding the nonreciprocal diffraction of acoustic waves could open doors for next-generation communication devices.

      

      
        The hidden power of the smallest microquasars
        Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.

      

      
        New insights into the perception of coffee taste -- genetic predisposition plays a role
        Why does coffee taste more bitter to some people than it does to others? Researchers have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.

      

      
        Even quantum physics obeys the law of entropy
        The universe is getting more disordered, entropy is growing -- this is the second law of thermodynamics. But according to quantum theory, entropy should actually stay the same. Scientists took a closer look and resolved this apparent contradiction.

      

      
        Blood-powered toes give salamanders an arboreal edge
        Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery. A new study reveals the answer may have a lot to do with a surprising mechanism: blood-powered toes.

      

      
        Life's building blocks in Asteroid Bennu samples
        Scientists detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.

      

      
        Exploring mysteries of Asteroid Bennu
        Scientists found that asteroid Bennu contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago.

      

      
        Moon is not as 'geologically dead' as previously thought
        Scientists developed advanced dating methods to track geological changes on the far side of the moon and found evidence of relatively recent activity.

      

      
        Sharp look into Ockham's razor
        A new article argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

      

      
        A new register with thousands of entangled nuclei to scale quantum networks
        In a groundbreaking achievement for quantum technologies, researchers have created a functional quantum register using the atoms inside a semiconductor quantum dot.

      

      
        Follow the water: Searching for a lunar oasis
        As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Researchers may help bring science fiction to reality by providing a divining rod to guide future space missions.

      

      
        Individual cells can be connected to plastic electrodes
        Researchers have succeeded in creating a close connection between individual cells and organic electronics. The study lays the foundation for future treatment of neurological and other diseases with very high precision.

      

      
        A super-Earth laboratory for searching life elsewhere in the Universe
        Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable z...

      

      
        A mite-y use of electricity
        Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity. These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers are now closer to answering these questions.

      

      
        First mouse with two male parents to reach adulthood
        A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.

      

      
        Explaining persistent hydrogen in Mars' atmosphere
        The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, researchers think they have a good explanation for a warmer, wetter ancient Mars. Building on prior theories describing the Mars of yore as a hot again, cold again place, a team has determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

      

      
        Archaeologists find 'lost' site depicted in the Bayeux Tapestry
        Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry. By reinterpreting previous excavations and conducting new surveys, the team believe they have located a power center belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

      

      
        Innovation 'sifts' space for mysteries
        Astronomers and engineers have developed a specialized system for their radio telescope to rapidly detect mysterious fast radio bursts and other space phenomena.

      

      
        'Embodied energy' powers modular worm, jellyfish robots
        In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent research in battery development and design.

      

      
        Dwarf planet Ceres: Building blocks of life delivered from space
        The dwarf planet is a bizarre, cryovolcanic world. However, the organic deposits discovered on its surface so far are unlikely to originate from its interior. The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them.

      

      
        A new experimental system to bring quantum technologies closer to students
        The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology ...

      

      
        How Titan maintains its atmosphere
        Scientists have performed laboratory experiments to better understand how Saturn's moon Titan can maintain its unique nitrogen-rich atmosphere. Titan is the second largest moon in our solar system and the only one that has a significant atmosphere.

      

      
        Underwater mud volcanos are a haven for marine organisms
        One would think that a volcano was not the most hospitable place for living organisms. However, the Borealis Mud Volcano, at 400 m water depth, acts as a sanctuary for a number of marine species.

      

      
        Strong as steel, light as foam: High-performance, nano-architected materials
        Researchers have used machine learning to design nano-architected materials that have the strength of carbon steel but the lightness of Styrofoam. The team describes how they made nanomaterials with properties that offer a conflicting combination of exceptional strength, light weight and customizability. The approach could benefit a wide range of industries, from automotive to aerospace.

      

      
        Scaling up neuromorphic computing for more efficient and effective AI everywhere and anytime
        Neuromorphic computing -- a field that applies principles of neuroscience to computing systems to mimic the brain's function and structure -- needs to scale up if it is to effectively compete with current computing methods. Researchers, now present a detailed roadmap of what needs to happen to reach that goal.

      

      
        Adding bridges to stabilize quantum networks
        While entangled photons hold incredible promise for quantum computing and communications, they have a major inherent disadvantage. After one use, they simply disappear. In a new study physicists propose a new strategy to maintain communications in a constantly changing, unpredictable quantum network. By rebuilding these disappearing connections, the researchers found the network eventually settles into a stable -- albeit different -- state.

      

      
        'Buzz me in:' Bees wearing itty bitty QR codes reveal hive secrets
        Several hundred bees in rural Pennsylvania and rural New York are sporting tiny QR codes on their backs to track when they go in and out of their hives. The work, a collaboration among entomologists and electrical engineers, is the first step in solving a long-standing mystery of how far bees travel from their hives to collect pollen and nectar.

      

      
        London cabbies' planning strategies could help inform future of AI
        Researchers have measured the thinking time of London taxi drivers -- famous for their knowledge of more than 26,000 streets across the city -- as part of a study into the future of AI route-mapping.

      

      
        New tool enables phylogenomic analyses of entire genomes
        Electrical engineers have developed a better way to perform the comparative analysis of entire genomes. This approach can be used to study relationships between different species across geological time scales. This new approach is poised to unlock discoveries regarding how evolution has shaped present-day genomes and also how the tree of life is organized.

      

      
        Super enzyme that regulates testosterone levels in males discovered in 'crazy' bird species
        A single gene that regulates testosterone levels in a 'crazy' species of shore bird controls the development of three wildly different types of males, a new study has found. Ruffs have long fascinated scientists for their three types of males, known as morphs, that differ radically from each other in appearance and mating behaviors. A new study has shown that these morphs are produced by a super enzyme (HSD17B2) in the blood of the birds that's able to regulate testosterone levels in males and ra...
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Bad hair bears! Greasy hair gives polar bears fur with anti-icing properties | ScienceDaily
An international team of scientists has discovered the anti-icing secret of polar bear fur -- something that allows one of the planet's most iconic animals to survive and thrive in one of its most punishing climates. That secret? Greasy hair.


						
After some polar sleuthing, which involved scrutiny of hair collected from six polar bears in the wild, the scientists homed in on the hair "sebum" (or grease) as the all-important protectant. This sebum, which is made up of cholesterol, diacylglycerols, and fatty acids, makes it very hard for ice to attach to their fur.

While this finding sheds fascinating new light on our understanding of polar bear -- and even Inuit -- ecology, it may also have a suite of unrelated applications, with a similar concoction of artificially made sebum promising to be useful as an anti-ice surface coating, or in next-gen ski skins used by skiers and snowboarders.

Julian Carolan, PhD Candidate from Trinity College Dublin's School of Chemistry and the AMBER Research Ireland Centre, is the first author of the journal article, which has been published today as the cover story in leading international journal Science Advances.

He said: "We measured ice adhesion strength, which is a useful measure of how well ice sticks to fur; hydrophobicity, which dictates whether water can be shed before it freezes; and freezing delay time, which simply shows how long it takes for a drop of water to freeze at certain temperatures on a given surface. We then compared the performance of the polar bear hair with that of human hair and two types of specialist human-made 'ski skins'.

"The sebum quickly jumped out as being the key component giving this anti-icing effect as we discovered the adhesion strength was greatly impacted when the hair was washed. Unwashed, greasy hair made it much harder for ice to stick. In contrast when the polar bear hair was washed and the grease largely removed it performed similarly to human hair, to which ice sticks easily whether it is washed or greasy."

That finding led the team to perform a detailed chemical analysis of polar bear sebum. As well as identifying the key components (cholesterol, diacylglycerols, and fatty acids), they were surprised to find "squalene" was absent. This fatty metabolite is present in human hair, and in the hair of other aquatic animals, like sea otters, which suggests its absence in polar bear hair is very important from an anti-icing perspective.




Dr Richard Hobbs, Assistant Professor and Royal Society-Science Foundation Ireland University Research Fellow in Trinity's School of Chemistry and the AMBER Research Ireland Centre, is a senior author of the journal article. He added: "Animals living in polar habitats have emerged as a source of inspiration for the development of new anti-icing materials.

"For example, Anne Kietzig's group at McGill recently found that the hierarchical structure of Gentoo penguin feathers afforded them anti-icing properties that relied on the feather structure rather than the preen oil coating. Our work shows that polar bear fur provides an alternative strategy to produce an anti-icing surface based on the characteristic blend of lipids present in their fur sebum or hair grease.

"This work not only represents the first study of the composition of polar bear fur sebum, but it also resolves the question of why polar bears don't suffer from ice accumulation. Despite having thick layers of insulating blubber and fur, and spending extensive periods in water at sub-zero temperatures, it seems that the fur grease provides a natural route for polar bears to easily shed ice when it forms due to the low ice adhesion on their fur.

"We expect that these natural lipid coatings produced by the bear will help us to develop new more sustainable anti-icing coatings that may replace problematic 'forever chemicals' like PFAS that have been used as anti-icing coatings."

In addition to the structural explanations, these interesting discoveries also help us better understand hunting behaviours -- both of polar bears and of native Inuit populations.

Prof. Bodil Holst, University of Bergen, is a senior author of the journal article. She added: "One of the polar bears' main hunting strategies is 'still hunting', where they lay motionless beside a breathing hole on sea ice waiting for seals to surface. Still hunting frequently develops into an 'aquatic stalk' with the polar bear using its hind paws to slide into the water to pursue its prey, and the lower the ice adhesion, the less noise generated and the faster and quieter the slide.

"Our findings also help us understand the subtlety of the steps taken by Inuit people to optimise hunting strategies to mimic the polar bear method of still hunting. Inuit hunting stools are sometimes shod with polar bear fur on the feet to avoid noise when moving on the ice, while people also sometimes wear 'polar bear trousers', ensuring the entire contact area with the ice is covered in low ice-adhesion polar bear fur for optimal noise reduction."

Notably, the traditional Inuit preparation method protects the sebum on the fur by ensuring the hair-covered side of the skin is not washed. This is unlike, for example, a fox skin, which would traditionally be cleaned by rubbing the hair side with soapstone or dry clay.
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A less 'clumpy,' more complex universe? | ScienceDaily
Across cosmic history, powerful forces have acted on matter, reshaping the universe into an increasingly complex web of structures.


						
Now, new research led by Joshua Kim and Mathew Madhavacheril at the University of Pennsylvania and their collaborators at Lawrence Berkeley National Laboratory suggests our universe has become "messier and more complicated" over the roughly 13.8 billion years it's been around, or rather, the distribution of matter over the years is less "clumpy" than expected.

"Our work cross-correlated two types of datasets from complementary, but very distinct, surveys," says Madhavacheril, "and what we found was that for the most part, the story of structure formation is remarkably consistent with the predictions from Einstein's gravity. We did see a hint for a small discrepancy in the amount of expected clumpiness in recent epochs, around four billion years ago, which could be interesting to pursue."

The data, published in the Journal of Cosmology and Astroparticle Physics and the preprint server arXiv, comes from the Atacama Cosmology Telescope's (ACT) final data release (DR6) and the Dark Energy Spectroscopic Instrument's (DESI) Year 1. Madhavacheril says that pairing this data allowed the team to layer cosmic time in a way that resembles stacking transparencies of ancient cosmic photographs over recent ones, giving a multidimensional perspective of the cosmos.

"ACT, covering approximately 23% of the sky, paints a picture of the universe's infancy by using a distant, faint light that's been travelling since the Big Bang," says first author of the paper Joshua Kim, a graduate researcher in the Madhavacheril Group. "Formally, this light is called the Cosmic Microwave Background (CMB), but we sometimes just call it the universe's baby picture because it's a snapshot of when it was around 380,000 years old."

The path of this ancient light throughout evolutionary time, or as the universe has aged, has not been a straight one, Kim explains. Gravitational forces from large, dense, heavy structures like galaxy clusters in the cosmos have been warping the CMB, sort of like how an image is distorted as it travels through a pair of spectacles. This "gravitational lensing effect," which was first predicted by Einstein more than 100 years ago, is how cosmologists make inferences about its properties like matter distribution and age.

DESI's data, on the other hand, provides a more recent record of the cosmos. Based in the Kitt Peak National Observatory in Arizona and operated by the Lawrence Berkeley National Laboratory, DESI is mapping the universe's three-dimensional structure by studying the distribution of millions of galaxies, particularly luminous red galaxies (LRGs). These galaxies act as cosmic landmarks, making it possible for scientists to trace how matter has spread out over billions of years.




"The LRGs from DESI are like a more recent picture of the universe, showing us how galaxies are distributed at varying distances," Kim says, likening the data to the universe's high school yearbook photo. "It's a powerful way to see how structures have evolved from the CMB map to where galaxies stand today.

By combining the lensing maps from ACT's CMB data with DESI's LRGs, the team created an unprecedented overlap between ancient and recent cosmic history, enabling them to compare early- and late-universe measurements directly. "This process is like a cosmic CT scan," says Madhavacheril, "where we can look through different slices of cosmic history and track how matter clumped together at different epochs. It gives us a direct look into how the gravitational influence of matter changed over billions of years."

In doing so they noticed a small discrepancy: the clumpiness, or density fluctuations, expected at later epochs didn't quite match predictions. Sigma 8 (s8), a metric that measures the amplitude of matter density fluctuations, is a key factor, Kim says, and lower values of s8 indicate less clumping than expected, which could mean that cosmic structures haven't evolved according to the predictions from early-universe models and suggest that the universe's structural growth may have slowed in ways current models don't fully explain.

This slight disagreement with expectations, he explains, "isn't strong enough to suggest new physics conclusively -- it's still possible that this deviation is purely by chance."

If indeed the deviation is not by chance, some unaccounted-for physics could be at play, moderating how structures form and evolve over cosmic time. One hypothesis is that dark energy -- the mysterious force thought to drive the universe's accelerating expansion -- could be influencing cosmic structure formation more than previously understood.

Moving forward, the team will work with more powerful telescopes, like the upcoming Simons Observatory, which will refine these measurements with higher precision, enabling a clearer view of cosmic structures.
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Scientists 'mimic real biological processes' using synthetic neurons | ScienceDaily
Artificially engineered biological processes, such as perception systems, remain an elusive target for organic electronics experts due to the reliance of human senses on an adaptive network of sensory neurons, which communicate by firing in response to environmental stimuli.


						
A new collaboration between Northwestern University and Georgia Tech has unlocked new potential for the field by creating a novel high-performance organic electrochemical neuron that responds within the frequency range of human neurons. They also built a complete perception system by designing other organic materials and integrating their engineered neurons with artificial touch receptors and synapses, which enabled real-time tactile signal sensing and processing.

The research, described in a paper published this month in the journal Proceedings of the National Academy of Sciences (PNAS), could move the needle on intelligent robots and other systems currently stymied by sensing systems that are less powerful than those of a human.

"The study highlights significant progress in organic electronics and their application in bridging the gap between biology and technology," said first author Yao Yao, a Northwestern engineering professor. "We created an efficient artificial neuron with reduced footprint and outstanding neuronal characteristics. Leveraging this capability, we developed a complete tactile neuromorphic perception system to mimic real biological processes."

According to corresponding author Tobin J. Marks, Northwestern's Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, existing artificial neural circuits tend to fire within a narrow frequency range.

"The synthetic neuron in this study achieves unprecedented performance in firing frequency modulation, offering a range 50 times broader than existing organic electrochemical neural circuits," Marks said. "In contrast, our device's outstanding neuronal characteristics establish it as an advanced achievement in organic electrochemical neurons."

Marks is a world leader in the fields of organometallic chemistry, chemical catalysis, materials science, organic electronics, photovoltaics and nanotechnology. He is also a professor of Materials Science and Engineering and Professor of Chemical and Biological Engineering in Northwestern's McCormick School of Engineering and as Professor of Applied Physics. His co-corresponding author Antonio Facchetti, a professor at Georgia Tech's School of Materials Science and Engineering, also serves as an adjunct professor of chemistry at Northwestern.




"This study presents the first complete neuromorphic tactile perception system based on artificial neurons, which integrates artificial tactile receptors and artificial synapses," said Facchetti. "It demonstrates the ability to encode tactile stimuli into spiking neuronal signals in real time and further translate them into post-synaptic responses."

The team spanned departments and schools, with researchers who specialized in organic synthesis creating advanced materials that electronic device researchers then incorporated into circuit design and fabrication, and system integration.

With the human brain's immense network of 86 billion neurons poised to fire, sensing systems remain difficult to recreate. Scientists are limited by both the footprint of the design and by the amount they can create. In future models, the team hopes to further reduce the device's size, taking the project a step closer to fully mimicking human sensing systems.

This work was supported by the Air Force Office of Scientific Research (FA9550-22-1-0423), the Northwestern University Materials Research Science and Engineering Center (MRSEC; award from National Science Foundation DMR-230869), Flexterra Corporation, the National Science Fund for Distinguished Young Scholars of China (No. 32425040) and the National Natural Science Foundation of China (Grant No. 32201648).
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Oceanic plate between Arabian and Eurasian continental plates is breaking away | ScienceDaily
An international research team led by the University of Gottingen has investigated the influence of the forces exerted by the Zagros Mountains in the Kurdistan region of Iraq on how much the surface of the Earth has bent over the last 20 million years. Their research revealed that in the present day, deep below the Earth's surface, the Neotethys oceanic plate -- the ocean floor that used to be between the Arabian and Eurasian continents -- is breaking off horizontally, with a tear progressively lengthening from southeast Turkey to northwest Iran. Their findings show how the evolution of the Earth's surface is controlled by processes deep within the planet's interior. The research was published in the journal Solid Earth.


						
When two continents converge over millions of years, the oceanic floor between them slides to great depths beneath the continents. Eventually, the continents collide, and masses of rock from their edges are lifted up into towering mountain ranges. Over millions of years, the immense weight of these mountains causes the Earth's surface around them to bend downward. Over time, sediments eroded from the mountains accumulate in this depression, forming plains such as Mesopotamia in the Middle East. The researchers modelled the downward bend of the Earth's surfaces based on the Zagros Mountain's load where the Arabian continent is colliding with Eurasia. They combined the resulting size of the depression with the computed topography based on the Earth's mantle to reproduce the unusually deep depression in the southeastern segment of the study area. The researchers found that the weight of the mountains alone cannot account for the 3-4 km deep depression that has formed and been filled with sediment over the past 15 million years.

"Given the moderate topography in the north-western Zagros area, it was surprising to find out that so much sediment has accumulated in the part of the area we studied. This means the depression of the land is greater than could be caused by the load of the Zagros Mountains," said Dr Renas Koshnaw, lead author and Postdoctoral Researcher at Gottingen University's Department of Structural Geology and Geothermics. Researchers propose that this is caused by the additional load of the sinking oceanic plate that is still attached to the Arabian plate. Koshnaw adds: "This plate is pulling the region downward from below, making space for more sediment accumulation. Towards Turkey, the sediment-filled depression becomes much shallower, suggesting that the slab has broken off in this area, relieving the downward pull force."

The geodynamic model developed in this research will benefit other fields as well. "This research contributes to understanding how the Earth's rigid outer shell functions," explains Koshnaw. Such research can lead to practical applications in the future by providing information for exploring natural resources such as sedimentary ore deposits and geothermal energy, and better characterization of the earthquake risks.

This research was made possible thanks to funding from the Alexander von Humboldt Foundation.
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New acoustic wave phenomenon discovered | ScienceDaily
A unique propagation phenomenon of acoustic waves has been discovered, paving the way for developing advanced communication technologies using acoustic devices. The research was led by the Institute for Materials Research at Tohoku University, in collaboration with the Japan Atomic Energy Agency and the RIKEN Center for Emergent Matter Science.


						
Surface acoustic waves (SAWs) -- elastic vibrations that travel along the surface of materials like ripples on a pond -- play a crucial role in modern communication technologies. These are key components in frequency filters used in everyday devices such as mobile phones. These devices convert electrical signals into vibrations, or "ripples," through the piezoelectric effect, enabling efficient signal processing. Therefore, a deeper understanding of SAW behaviour is essential for advancing future technologies.

In the experiment, the team used advanced nanofabrication techniques to create a periodic array of nanoscale magnetic materials. The magnetic nanoscale array can be thought of as a specialized grating that the waves go through. To their surprise, instead of the typical symmetric diffraction pattern, the research team observed a completely novel, asymmetrical diffraction phenomenon of SAWs called "nonreciprocal diffraction."

"This phenomenon has previously been observed only in optics," remarks Yoichi Nii, "so we are very excited to confirm that it extends beyond optics to other wave phenomena."

Through theoretical analysis, the research team identified this asymmetrical behavior as arising from the unique interaction between SAWs and magnetic materials, specifically related to their angular momenta.

This finding may enable precise control of SAW propagation paths using magnetic fields, leading to the development of innovative acoustic devices that advance both classical and quantum communication technologies. Uncovering new properties of SAWs is essential for developing next-generation communication systems and devices.

The study was published in Physical Review Letters on January 14, 2025.
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The hidden power of the smallest microquasars | ScienceDaily
Researchers found for the first time evidence that even microquasars containing a low-mass star are efficient particle accelerators, which leads to a significant impact on the interpretation of the abundance of gamma rays in the universe.


						
Our home planet is bombarded with particles from outer space all the time. And while we are mostly familiar with the rocky meteorites originating from within our solar system that create fascinating shooting stars in the night sky, it's the smallest particles that help scientists to understand the nature of the universe. Subatomic particles such as electrons or protons arriving from interstellar space and beyond are one of the fastest particles known in the universe and known as cosmic rays.

The origins and the acceleration mechanisms of the most energetic of these cosmic particles remains one of the biggest mysteries in astrophysics. Fast-moving matter outflows (or "jets") launched from black holes would be an ideal site for particle acceleration, but the details on how and under which conditions acceleration processes can occur are unclear. The most powerful jets inside our Galaxy occur in microquasars: systems composed by a stellar-mass black hole and a "normal" star. The pair orbit each other, and, once they are close enough, the black hole starts to slowly swallow its companion. As a consequence of this, jets are launched from the region close to the black hole.

In the past couple of years there has been growing evidence that microquasar jets are efficient particle accelerators. It is however unclear how much they contribute, as a group, to the total amount of cosmic rays in the Galaxy. The answer to this question requires understanding if all microquasars are able to accelerate particles or only a lucky few.

Microquasars are usually classified depending on the mass of the star in the system into either "low-mass" or "high-mass" systems, with lower-mass systems being much more abundant. However, up until now evidence of particle acceleration was only found for the high-mass systems. For example, the microquasar SS 433, which was recently revealed to be one of the most powerful particle accelerators in the Galaxy, contains a star with mass approximately ten times that of the Sun. Consequently, it was generally believed that low-mass microquasars were not powerful enough to produce gamma-rays. Dr. Laura Olivera-Nieto from the Max-Planck-Institut fur Kernphysik in Heidelberg, Germany (MPIK) and Dr. Guillem Marti-Devesa from the Universita di Trieste, Italy have now made a discovery that shakes this paradigm. They used 16 years of data from the Large Area Telescope detector onboard NASA's satellite Fermi to reveal a faint gamma-ray signal consistent with the position of GRS 1915+105, a microquasar with a star smaller than the Sun. The gamma-ray signal is measured to have energies higher than 10 GeV, indicating that the system could accelerate particles to even higher energies.

The observations favor a scenario in which protons are accelerated in the jets, after which they escape and interact with nearby gas to produce gamma-ray photons. In the paper, published in the Astrophysical Journal Letters, they also use data from the Nobeyama 45-meter radio telescope in Japan, which indicates that there is enough gas material around the source for this scenario.

This result shows that even microquasars hosting a low-mass star are capable of particle acceleration. Because this is the most numerous class, this finding has significant implications for the estimated contribution of microquasars as a group to the cosmic ray content of our Galaxy. However, more detections and multi-wavelength studies will be required in order to further narrow down why some systems accelerate particles efficiently but not all.
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New insights into the perception of coffee taste -- genetic predisposition plays a role | ScienceDaily
Why does coffee taste more bitter to some people than it does to others? Researchers at the Leibniz Institute for Food Systems Biology at the Technical University of Munich have now come closer to answering this question. They have identified a new group of bitter compounds in roasted Arabica coffee and have investigated how they influence its bitter taste. In addition, they demonstrated for the first time that individual genetic predisposition also plays a role in determining how bitter these roasting substances taste.


						
Although caffeine has been known as a bitter tasting substance for a long time, even decaffeinated coffee tastes bitter. This shows that other substances also contribute to the bitter taste of roasted coffee. Coline Bichlmaier, a doctoral student at the Leibniz Institute, explains: "Indeed, previous studies have identified various compound classes that are formed during roasting and contribute to bitterness. During my doctoral thesis, I have now identified and thoroughly analyzed another class of previously unknown roasting substances."

The starting point of her research was the mozambioside contained in Arabica beans. It tastes about ten times more bitter than caffeine and activates two of the approximately 25 bitter taste receptor types found in the human body, namely the TAS2R43 and TAS2R46 receptors. "However, our investigations showed that the concentration of mozambioside decreases significantly during roasting, so that it only makes a small contribution to the bitterness of coffee," says principal investigator Roman Lang, and continues: "This prompted us to test whether roasting produces breakdown products of mozambioside are also bitter and could affect coffee's taste."

Combination effect and genetic predisposition are important

As the research team shows, seven different degradation products of mozambioside are formed during roasting. These compounds are found in roasted coffee in varying concentrations, depending on roasting temperature and duration, and almost completely pass into the beverage during brewing.

Investigations in a cellular test system established at the institute show that these roasting substances activate the same bitter taste receptor types as mozambioside. Three of the roasting products even had a stronger effect on the receptors than the original compound. However, the researchers found that the concentrations of these roasting products measured in brewed coffee were too low to induce a noticeable taste on their own. Only the combination of mozambioside and its roasting products in a sample led eight out of eleven test subjects to perceive a bitter taste. One person found the taste astringent and two did not perceive any particular taste.

A genetic test showed that taste sensitivity depended on the genetic predisposition of the test subjects: two people had both copies of the TAS2R43 gene variant defective. Seven had one intact and one defective variant of the receptor and only two people had both copies of the gene intact.




What do the results mean for the future?

"The new findings deepen our understanding of how the roasting process influences the flavor of coffee and open up new possibilities for developing coffee varieties with coordinated flavor profiles. They are also an important milestone in flavor research, but also in health research," says Roman Lang, explaining: "Bitter substances and their receptors have further physiological functions in the body, most of which are still unknown." According to Lang, there is still a lot of work to be done, since for many bitter substances in coffee alone, it is not yet known which bitter taste receptors they activate, even though millions of people worldwide drink coffee every day.

More information

Mozambioside 

Arabica coffee contains bitter-tasting mozambioside (11-O-b-D-glucosyl-cafestol-2-one). It is a hydrophilic derivative of cafestol that is particularly abundant in naturally caffeine-free varieties. Its perception threshold in humans is 60 +- 10 micromolar (Lang et al., 2015; Lang et al., 2020). Its concentration in raw Arabica coffee is about 0.4-1.2 micromol/g. Roasting breaks down the substance to below the taste threshold in the end product.

Other bitter-tasting roasting substances in coffee 

The most important bitter tasting substances that are reportedly formed during roasting include caffeoylquinides, which are formed from chlorogenic acids, diketopiperazines, which originate from coffee proteins, and oligomers of 4-vinylcatechols, which are formed from caffeic acids. These compound classes do impart a bitter taste, but it is not yet known which bitter taste receptor types mediate their perception.

Bitter taste receptors 

In humans, about 25 different taste receptor types are responsible for the perception of bitter substances. These bitter taste receptors are not only found in the mouth, but also on cells of other organs and tissues. The many functions they perform there are the subject of numerous studies, including those conducted at the Leibniz Institute for Food Systems Biology at the Technical University of Munich. Various studies already indicate that bitter taste receptors in the respiratory tract help to ward off pathogens and accelerate the movement of cilia. They also suggest that endogenous bitter receptors in the intestines and blood cells support defense mechanisms or are involved in the regulation of metabolism.
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Even quantum physics obeys the law of entropy | ScienceDaily
It is one of the most important laws of nature that we know: The famous second law of thermodynamics says that the world gets more and more disordered, when random chance is at play. Or, to put it more precisely: That entropy must increase in every closed system. Ordered structures lose their order, regular ice crystals turn into water, porcelain vases are broken up into shards. At first glance, however, quantum physics does not really seem to adhere to this rule: Mathematically speaking, entropy in quantum systems always remains the same.


						
A research team at TU Wien has now taken a closer look at this apparent contradiction and has been able to show: It depends on what kind of entropy you look at. If you define the concept of entropy in a way that it compatible with the basic ideas of quantum physics, then there is no longer any contradiction between quantum physics and thermodynamics. Entropy also increases in initially ordered quantum systems until it reaches a final state of disorder.

Entropy and the direction of time

Equating 'entropy' with 'disorder' is not entirely correct. After all, what you understand by 'disorder' may be subjective, but entropy can be clearly defined with mathematical equations.

"Entropy is a measure of whether a system is in a special, very particular state, in which case the system has low entropy, or whether it is in one of many states that look more or less the same, in which case it has high entropy," explains Prof Marcus Huber from the Institute for Atomic and Subatomic Physics at TU Wien. If you start with a very specific state, for example a box full of balls that are sorted exactly by colour, then if you shake the box a little, a higher entropy mixed state will develop over time. This is simply due to the fact that only a few ordered states exist, but many that are similarly disordered.

"From a physical point of view, this is what defines the direction of time," says Max Lock (TU Wien). "In the past, entropy was lower; the future is where entropy is higher." However, quantum physics encounters a problem here: the mathematician and physicist John von Neumann was able to show: according to the laws of quantum physics, the entropy in a quantum system cannot change at all. If you have the full information about a quantum system, the so-called 'von Neumann entropy' always stays the same; it is impossible to say whether time is running forwards or backwards, each point in time is physically as good as any other.

We only ever know part of the information

"But this view leaves out something important," says Tom Rivlin (TU Vienna). "In quantum physics you can never actually have full information about a system. We can choose a property of the system that we want to measure -- a so-called observable. This can be, for example, the location of a particle or its speed. Quantum theory then tells us the probabilities to obtain different possible measurement results. But according to quantum theory, we can never have full information about the system."




Even if we know the probabilities, the actual result of a specific measurement remains a surprise. This element of surprise must be included in the definition of entropy. Instead of calculating the von Neumann entropy for the complete quantum state of the entire system, you could calculate an entropy for a specific observable. The former would not change with time, but the latter might.

This type of entropy is called 'Shannon entropy'. It depends on the probabilities with which different possible values are measured. 'You could say that Shannon entropy is a measure of how much information you gain from the measurement,' says Florian Meier (TU Wien). "If there is only one possible measurement result that occurs with 100% certainty, then the Shannon entropy is zero. You won't be surprised by the result, you won't learn anything from it. If there are many possible values with similarly large probabilities, then the Shannon entropy is large."

Quantum disorder increases after all

The research team has now been able to show that if you start with a state of low Shannon entropy, then this kind of entropy increases in a closed quantum system until it levels off around a maximum value -- exactly as is known from thermodynamics in classical systems. The more time passes, the more unclear the measurement results become and the greater the surprise that can be experienced when observing. This has now been proven mathematically and also confirmed by computer simulations that describe the behaviour of several interacting particles.

"This shows us that the second law of thermodynamics is also true in a quantum system that is completely isolated from its environment. You just have to ask the right questions and use a suitable definition of entropy," says Marcus Huber.

If you are investigating quantum systems that consist of very few particles (for example, a hydrogen atom with only a few electrons), then such considerations are irrelevant. But today, especially with regard to modern technical applications of quantum physics, we are often faced with the challenge of describing quantum systems that consist of many particles. "To describe such many-particle systems, it is essential to reconcile quantum theory with thermodynamics," says Marcus Huber. "That's why we also want to use our basic research to lay the foundation for new quantum technologies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/01/250129115500.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Blood-powered toes give salamanders an arboreal edge | ScienceDaily
Wandering salamanders are known for gliding high through the canopies of coastal redwood forests, but how the small amphibians stick their landing and take-off with ease remains something of a mystery.


						
A new study in the Journal of Morphologyreveals the answer may have a lot to do with a surprising mechanism: blood-powered toes. The Washington State University-led research team discovered that wandering salamanders (Aneides vagrans) can rapidly fill, trap, and drain the blood in their toe tips to optimize attachment, detachment and general locomotion through their arboreal environment.

The research not only uncovers a previously unknown physiological mechanism in salamanders but also has implications for bioinspired designed. Insights into salamander toe mechanics could ultimately inform the development of adhesives, prosthetics, and even robotic appendages.

"Gecko-inspired adhesives already allow surfaces to be reused without losing stickiness," said Christian Brown, lead author of the study and an integrative physiology and neuroscience postdoctoral researcher at WSU. "Understanding salamander toes could lead to similar breakthroughs in attachment technologies."

Discovery sparked by a documentary shoot

Salamanders of the Aneides genus have long puzzled scientists with their square-shaped toe tips and bright red blood "lakes" that can be seen just beneath their translucent skin. Historically, these features were thought to aid oxygenation, but no evidence supported that claim.

Brown's interest in the topic traces back to an unexpected observation during the filming of the documentary, "The Americas," which airs on Feb. 23 on NBC and Peacock. While assisting on set as the resident salamander expert, Brown had the opportunity to observe through the production team's high-powered camera lenses how the amphibians move around.




He noticed something strange. Blood was rushing into the small creatures' translucent toe tips moments before they took a step. Brown and camera assistant William Goldenberg repeatedly observed the phenomenon. "We looked at each other like, 'Did you see that?'" Brown said.

Though the producers moved on, Brown's curiosity didn't. After the shoot, he reached out to Goldenberg and asked if he was interested in using his film equipment to investigate what they had observed in a scientific and repeatable way.

Through high-resolution video trials and corroborating analysis in WSU's Franceschi Microscopy & Imaging Center, Brown, Goldenberg and colleagues at WSU and Gonzaga University uncovered that wandering salamanders can finely control and regulate blood flow to each side of their toe tips.

This allows them to adjust pressure asymmetrically, improving grip on irregular surfaces like tree bark. Surprisingly, the blood rushing in before "toe off" appears to help salamanders detach rather than attach. By slightly inflating the toe tip, the salamanders reduce the surface area in contact with the surface they are on, minimizing the energy required to let go. This dexterity is crucial for navigating the uneven and slippery surfaces of the redwood canopy -- and for sticking safe landings when parachuting between branches.

"If you're climbing a redwood and have 18 toes gripping bark, being able to detach efficiently without damaging your toe tips makes a huge difference," Brown said.

The implications of the research could extend beyond Aneides vagrans. Similar vascularized structures are found in other salamander species, including aquatic ones, suggesting a universal mechanism for toe stiffness regulation that may serve different purposes depending on the salamander's environment. Moving forward, Brown and colleagues plan to expand the research to look at how the mechanism works in other salamander species and habitats.

"This could redefine our understanding of how salamanders move across diverse habitats," Brown said.
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Life's building blocks in Asteroid Bennu samples | ScienceDaily
Japanese collaborators detected all five nucleobases -- building blocks of DNA and RNA -- in samples returned from asteroid Bennu by NASA's OSIRIS-REx mission.


						
Asteroids, small airless bodies within the inner Solar System, are theorized to have contributed water and chemical building blocks of life to Earth billions of years ago. Although meteorites on Earth come from asteroids, the combination of exposure to moisture in the atmosphere and to an uncontrolled biosphere means that interpreting the data from them is challenging. Pristine samples collected from asteroids in space would be the ideal candidates, and successful sample collection missions have only been achieved by two countries: Japan (Hayabusa and Hayabusa2) and the United States (OSIRIS-REx).

NASA's OSIRIS-REx mission returned 121.6 grams of sample from asteroid (101955) Bennu in September 2023 -- the largest sample ever returned to Earth. Now, an international team of OSIRIS-REx sample analysis team scientists, led by Dr. Daniel Glavin and Dr. Jason Dworkin at the NASA Goddard Space Flight Center, has reported the discovery of ammonia and nitrogen-rich soluble organic matter in these samples. The findings were published in the journal Nature Astronomy. Among the findings, the Japanese contributors detected all five nitrogenous bases, molecules required for building DNA and RNA, supporting the theory that asteroids could have brought the building blocks of life to Earth.

The Bennu samples from NASA were handled under nitrogen to prevent contamination by Earth's atmosphere. A 17.75 mg sample was processed and analyzed for N-heterocycles -- organic molecules with a ring structure containing carbon and nitrogen -- using high-resolution mass spectrometry at Kyushu University.

The analysis was carried out by a research team, whose members are part of the OSIRIS-REx sample analysis team, consisting of Associate Professor Yasuhiro Oba of Hokkaido University, Principal Researcher Yoshinori Takano of JAMSTEC and Keio University, Dr. Toshiki Koga of JAMSTEC, Professor Hiroshi Naraoka of Kyushu University, and Associate Professor Yoshihiro Furukawa of Tohoku University.

The analysis revealed that the concentration of N-heterocycles is approximately 5 nmol/g, 5-10 times higher than that reported from Ryugu. In addition to the five nitrogenous bases -- adenine, guanine, cytosine, thymine and uracil -- required for building DNA and RNA, the researchers also found xanthine, hypoxanthine, and nicotinic acid (vitamin B3).

"In previous research, uracil and nicotinic acid were detected in the samples from asteroid Ryugu, but the other four nucleobases were absent. The difference in abundance and complexity of N-heterocycles between Bennu and Ryugu could reflect the differences in the environment to which these asteroids have been exposed in space," Koga explains.

Samples from the meteorites Murchison and Orgueil were also processed and analyzed previously under identical conditions for comparison. The research team observed that the ratio of purines (adenine and guanine) to pyrimidines (cytosine, thymine and uracil) was much lower in the Bennu samples compared to both Murchison and Orgueil.

"There are multiple possible reasons for this observed difference," Oba says. "They may be due to differences in parent bodies or formation pathways, or the Bennu asteroid was exposed to a cold molecular cloud environment where pyrimidine formation is more likely to occur."

"Our findings, which contribute to the larger picture painted by all the authors of the paper, indicate that nucleobase chemistry in the Bennu samples must be further studied," concluded Naraoka. Another important result of this study is that, by comparing meteorites with Bennu samples, a reference for the reanalysis of other meteorites in collections across the globe has been created.
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Exploring mysteries of Asteroid Bennu | ScienceDaily
During the past year, there's been an unusual set of samples at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab): material gathered from the 4.5-billion-year-old asteroid Bennu when it was roughly 200 million miles from Earth.


						
Berkeley Lab is one of more than 40 institutions investigating Bennu's chemical makeup to better understand how our solar system and planets evolved. In a new study published today in the journal Nature, researchers found evidence that Bennu comes from an ancient wet world, with some material from the coldest regions of the solar system, likely beyond the orbit of Saturn.

The asteroid contained a set of salty mineral deposits that formed in an exact sequence when a brine evaporated, leaving clues about the type of water that flowed billions of years ago. Brines could be a productive broth for cooking up some of the key ingredients of life, and the same type of minerals are found in dried-up lake beds on Earth (such as Searles Lake in California) and have been observed on Jupiter's moon Europa and Saturn's moon Enceladus.

"It's an amazing privilege to be able to study asteroid material, direct from space," said Matthew Marcus, a Berkeley Lab scientist who runs the Advanced Light Source (ALS) beamline where some of the samples were studied and who wrote one of the programs used to analyze their chemical composition. "We have highly specialized instruments that can tell us what Bennu is made of and help reveal its history."

The samples from Bennu were gathered by NASA's OSIRIS-REx mission, the first U.S. mission to return samples from an asteroid. The mission returned nearly 122 grams of material from Bennu -- the largest sample ever captured in space and returned to Earth from an extraterrestrial body beyond the Moon.

Marcus teamed up with Scott Sandford from NASA Ames Research Center and Zack Gainsforth from the UC Berkeley Space Sciences Laboratory to study the Bennu sample using scanning transmission X-ray microscopy (STXM) at the ALS. By varying the energy of the X-rays, they were able to determine the presence (or absence) of specific chemical bonds at the nanometer scale and map out the different chemicals found in the asteroid. The science team discovered that some of the last salts to evaporate from the brine were mixed into the rock at the finest levels.

"This sort of information provides us with important clues about the processes, environments, and timing that formed the samples," Sandford said. "Understanding these samples is important, since they represent the types of materials that were likely seeded on the surface of the early Earth and may have played a role in the origins and early evolution of life."

At Berkeley Lab's Molecular Foundry, researchers used a beam of electrons to image the same Bennu samples with transmission electron microscopy (TEM). The Foundry also helped prepare the samples for the experiments run at the ALS. Experts used an ion beam to carve out microscopic sections of the material that are about a thousand times thinner than a sheet of paper.




"Being able to examine the same exact atoms using both STXM and TEM removed many of the uncertainties in interpreting our data," Gainsforth said. "We were able to confirm that we really were seeing a ubiquitous phase formed by evaporation. It took a lot of work to get Bennu to give up its secrets, but we are delighted with the final result."

This is not the first time the ALS and Molecular Foundry have studied material from space. Researchers also used the two facilities to investigate samples from the asteroid Ryugu, building up our understanding of our early solar system. And there's still more to come, with additional studies of Bennu at both the STXM and infrared beamlines at the ALS planned for the coming year.

Berkeley Lab researchers also contributed to a second paper published today in Nature Astronomy that analyzed organic materials found on the asteroid. Within the Bennu sample, the science team identified 14 of the 20 amino acids that life on Earth uses to build proteins. They also found all five nucleobases, the ring-shaped molecules that form DNA and RNA, as well as ammonia, which on Earth might have helped spark the emergence of early life.

The results support the idea that asteroids like Bennu may have delivered water and essential chemical building blocks of life to Earth in the distant past. Based on the similarities between asteroid Bennu and the icy dwarf planets and moons of our outer solar system, these potential ingredients for life could be widespread.
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Moon is not as 'geologically dead' as previously thought | ScienceDaily
Scientists have studied the moon's surface for decades to help piece together its complex geological and evolutionary history. Evidence from the lunar maria (dark, flat areas on the moon filled with solidified lava) suggested that the moon experienced significant compression in its distant past. Researchers suspected that large, arching ridges on the moon's near side were formed by contractions that occurred billions of years ago -- concluding that the moon's maria has remained dormant ever since.


						
However, a new study reveals that what lies beneath the lunar surface may be more dynamic than previously believed. Two Smithsonian Institution scientists and a University of Maryland geologist discovered that small ridges located on the moon's far side were notably younger than previously studied ridges on the near side. Their findings were published in The Planetary Science Journal on January 21, 2025.

"Many scientists believe that most of the moon's geological movements happened two and a half, maybe three billion years ago," said Jaclyn Clark, an assistant research scientist in UMD's Department of Geology. "But we're seeing that these tectonic landforms have been recently active in the last billion years and may still be active today. These small mare ridges seem to have formed within the last 200 million years or so, which is relatively recent considering the moon's timescale."

Using advanced mapping and modeling techniques, the team found 266 previously unknown small ridges on the moon's far side. The ridges typically appeared in groups of 10 to 40 in volcanic regions that likely formed 3.2 to 3.6 billion years ago in narrow areas where there may be underlying weaknesses in the moon's surface, according to the researchers. To estimate the age of these small ridges, the researchers used a technique called crater counting. They found that the ridges were notably younger than other features in their surroundings.

"Essentially, the more craters a surface has, the older it is; the surface has more time to accumulate more craters," Clark explained. "After counting the craters around these small ridges and seeing that some of the ridges cut through existing impact craters, we believe these landforms were tectonically active in the last 160 million years."

Interestingly, Clark noted that the far-side ridges were similar in structure to ones found on the moon's near side, which suggests that both were created by the same forces, likely a combination of the moon's gradual shrinking and shifts in the lunar orbit. The Apollo missions detected shallow moonquakes decades ago; the new findings suggest that these small ridges might be related to similar seismic activity. Learning more about the evolution of the lunar surface could have important implications for the logistics of future moon missions.

"We hope that future missions to the moon will include tools like ground penetrating radar so researchers can better understand the structures beneath the lunar surface," Clark said. "Knowing that the moon is still geologically dynamic has very real implications for where we're planning to put our astronauts, equipment and infrastructure on the moon."
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Sharp look into Ockham's razor | ScienceDaily
Medieval friar William of Ockham posited a famous idea: always pick the simplest explanation. Often referred to as the parsimony principle, "Ockham's razor" has shaped scientific decisions for centuries.


						
But lately, incredibly complex AI models have begun outperforming their simpler counterparts. Consider AlphaFold for predicting protein structures, or ChatGPT and its competitors for generating humanlike text.

A new paper in PNAS argues that by relying too much on parsimony in modeling, scientists make mistakes and miss opportunities.

First author and SFI Complexity Postdoctoral Fellow Marina Dubova says overreliance on parsimony is historical.

"Scientists need a tool to guide how they build models of the world. Parsimony was historically adopted as an easy tool to use. Since then, it's not been questioned enough. Educational programs teach parsimony as a key principle in scientific theory and model building. Most research tries to justify why parsimony is good, but those justifications haven't stood the test of time," she says.

Dubova recently ran a computational simulation showing that random experiments generated better models than did scientific experiments chosen based on previous assumptions.

Now Dubova, a cognitive scientist, is probing one of the biggest scientific assumptions of all: avoiding complex models.




"Relying on parsimony alone as our guiding principle limits what we can learn about the world and potentially drives us in wrong directions," says Dubova. "Parsimony and complexity are complementary tools. Scientists need to use evidence, judgment, and context-specific demands to determine whether a more parsimonious or complex model suits their research goals."

Dubova and co-authors discuss findings that suggest misapplied parsimony can make models biased and lead to bad predictions. For example, simple models for interpreting live brain scans often read periodic back-and-forth patterns when, in fact, brain activity is changing slowly over time. Leaving out key characteristics (like patient age) from a model evaluating untested new drugs could lead to poor predictions of who will and won't respond well.

By contrast, complex models can be more flexible and accurate, as new approaches in climate change research have shown. Often in science, each lab develops its own model for making predictions about the phenomenon of interest, and the field eventually converges on the most parsimonious model that best fits the data. However, climate scientists have found that when they combine dozens of sometimes contradictory models from different labs into one ensemble, climate forecasts get better at predicting actual real-world phenomena.

"Even when these climate models are incompatible, scientists decide to employ them all because they know each one is capturing some aspect of the world. The literature suggests that using them together helps us better predict the reality around us," she says. "Could this approach inspire completely new understandings of what climate is, without us as scientists trying to impose our preference for just one simple explanation?"

Dubova hopes that the paper will kickstart new research into when scientific modelers should choose parsimony or complexity.
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A new register with thousands of entangled nuclei to scale quantum networks | ScienceDaily
In a groundbreaking achievement for quantum technologies, researchers at the Cavendish Laboratory, University of Cambridge, have created a functional quantum register using the atoms inside a semiconductor quantum dot.


						
Published in Nature Physics, the work demonstrates the introduction of a new type of optically connected qubits -- a critical advance in the development of quantum networks, where stable, scalable, and versatile quantum nodes are essential.

Quantum dots are nanoscale objects with unique optical and electronic properties that come from quantum mechanical effects. These systems are already used in technologies like display screens and medical imaging, and their adoption in quantum communication has been mostly due to their ability to operate as bright single-photon sources. However, effective quantum networks need more than just single-photon emission; they also require stable qubits that can interact with the photons and store quantum information locally. The new research builds on the inherent spins of the atoms forming the quantum dots as a functioning many-body quantum register to store information over extended periods.

A many-body system refers to a collection of interacting particles -- here, the nuclear spins inside the quantum dot -- whose collective behaviour gives rise to new, emergent properties that are not present in individual components. By using these collective states, the researchers created a robust and scalable quantum register.

The Cambridge team, in close collaboration with colleagues at the University of Linz, successfully prepared 13,000 nuclear spins into a collective, entangled state of spins known as a 'dark state.' This dark state reduces interaction with its environment, leading to better coherence and stability, and serves as the logical 'zero' state of the quantum register. They introduced a complementary 'one' state as a single nuclear magnon excitation -- a phenomenon representing a coherent wave-like excitation involving a single nuclear spin flip propagating through the nuclear ensemble. Together, these states enable quantum information to be written, stored, retrieved, and read out with high fidelity. The researchers demonstrated this with a complete operational cycle, achieving a storage fidelity of nearly 69% and a coherence time exceeding 130 microseconds. This is a major step forward for quantum dots as scalable quantum nodes.

"This breakthrough is a testament to the power many-body physics can have in transforming quantum devices," said Mete Atature, co-lead author of the study and Professor of Physics at the Cavendish Laboratory. "By overcoming long-standing limitations, we've shown how quantum dots can serve as multi-qubit nodes, paving the way for quantum networks with applications in communication and distributed computing. In the 2025 International Year of Quantum, this work also highlights the innovative strides being made at the Cavendish Laboratory toward realising the promise of quantum technologies."

The work represents a unique marriage of semiconductor physics, quantum optics, and quantum information theory. The researchers utilised advanced control techniques to polarise nuclear spins in gallium arsenide (GaAs) quantum dots, creating a low-noise environment for robust quantum operations.

"By applying quantum feedback techniques and leveraging the remarkable uniformity of GaAs quantum dots, we've overcome long-standing challenges caused by uncontrolled nuclear magnetic interactions," explained Dorian Gangloff, co-lead author of the project and Associate Professor of Quantum Technology. "This breakthrough not only establishes quantum dots as operational quantum nodes but also unlocks a powerful platform to explore new many-body physics and emergent quantum phenomena."

Looking ahead, the Cambridge team aims to extend the time their quantum register can store information to tens of milliseconds by improving their control techniques. These improvements would make quantum dots suitable as intermediate quantum memories in quantum repeaters -- critical components for connecting distant quantum computers. This ambitious goal is the focus of their new QuantERA grant, MEEDGARD, a collaboration with Linz and other European partners, to advance quantum memory technologies with quantum dots. Their current research was supported by EPSRC, the European Union, the US Office of Naval Research, and the Royal Society.
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Follow the water: Searching for a lunar oasis | ScienceDaily
As humankind imagines living off-planet -- on the moon, Mars and beyond -- the question of how to sustain life revolves around the physical necessities of oxygen, food and water. We know there is water on the moon, but how do we find it? Is it in the craters? The shadowed regions? The poles? Knowing where to look gives astronauts the best chance at successfully living on the moon, something that has, heretofore, remained the stuff of science fiction.


						
Researchers from the University of California San Diego may help bring science fiction to reality by providing a divining rod to guide future space missions, including NASA's Artemis campaign, which seeks to explore and, eventually, inhabit the moon. Their work appears in a special issue of Proceedings of the National Academy of Sciences (PNAS) called "Water on the Moon and Mars," which features Artemis I on its cover.

The researchers included the father-son team of Mark Thiemens, UC San Diego Distinguished Professor of Chemistry and Biochemistry, and Maxwell Thiemens, a research fellow at the Vrije Universiteit Brussel, who is also an alumnus of Scripps Institution of Oceanography.

In 1967, Nobel laureate Harold Urey and James Arnold -- both faculty members in UC San Diego's Department of Chemistry -- were among the first to receive Apollo 11 lunar samples. Urey was one of the first scientists to theorize that there was water on the moon, particularly in the permanently shadowed regions of the moon's poles. Today, scientists believe that water on the moon originated from one of three sources:
    	indigenous to the moon,
    	created by solar winds (where hydrogen from the sun reacts with oxygen at high energy on the moon and likely Mars to create water)
    	deposition (from icy comets that have crashed onto the lunar surface).

On Earth, human civilizations often bubble up near bodies of water and it would be no different in space. On the moon, it's important to know the origin of the water sources because it will give astronauts guidance on where it would be most prudent to set up bases and habitats.

To learn about the origin of water on the moon, Morgan Nunn Martinez (who was a UC San Diego graduate student at the time) extracted very small amounts from lunar rocks collected from the 1969 Apollo 9 mission. It may sound implausible to get water from a rock, but it is possible through "thermal release," a process where lunar samples were heated to 50, 150 and 1,000 degrees Celsius (122, 302, and 1,832 degrees Fahrenheit respectively). As it turns out, these rocks were surprisingly "wet."

The lowest temperatures released lightly bound water molecules -- those molecules that are attached to other molecules (in this case, lunar rock) through a weak attraction. At 1,000 degrees Celsius, tightly bound water molecules, which are more deeply embedded in the rock, were released.




Through this process, gas water molecules are collected, then purified so that only the oxygen remains. The team then measured the composition of three different oxygen isotopes.

Isotopes are atoms of the same element that have varying numbers of neutrons, which changes their mass -- the more neutrons, the heavier the atom. These measurements are particularly useful in determining a substance's origin and age.

Think of it like space forensics. In the way humans have unique fingerprints, astronomical objects, like comets and the sun, have unique signatures. Scientists are able to look at the oxygen isotope measurements and determine the origin of the water.

Their data revealed that most of the lunar water likely originated from the moon itself or from comet impacts. Contrary to popular belief, solar winds did not significantly contribute to the moon's water stores.

"What's nice about this research is that we're using the most advanced scientific measurements and it supports common sense ideas about lunar water -- much of it has been there since the beginning and more was added by these icy comet impacts," stated Maxwell Thiemens. "The more complicated method of solar wind-derived water doesn't appear to have been that productive."

Although not a main thrust of the paper, the researchers also measured samples from Mars. If NASA's Artemis program is able to successfully colonize humans on the moon, it would bode well for the ultimate mission of inhabiting Mars.




"This kind of work hasn't been done before and we think it can provide NASA with some valuable clues about where water is located on the moon," stated Mark Thiemens. "The real goal of Artemis is to get to Mars. Our research shows that likely there is at least as much water on Mars as on the moon, if not more."

Of course, locating the water is only the first step. Being able to extract it from lunar rocks and soil in quantities large enough to sustain life will require further technological advancements and discovery.

Full list of authors: Maxwell Thiemens (Vrije Universiteit Brussel), Morgan Nunn Martinez and Mark Thiemens (UC San Diego).

This research was supported, in part, by a NASA Earth and Space Science Fellowship, a Zonta International Amelia Earhart Fellowship and the Achievement Rewards for College Scientists Fellowship.
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Individual cells can be connected to plastic electrodes | ScienceDaily
Researchers at Linkoping University have succeeded in creating a close connection between individual cells and organic electronics. The study, published in Science Advances, lays the foundation for future treatment of neurological and other diseases with very high precision.


						
"We could target individual cells and explore how this affected their ability to stay healthy and functional," says Chiara Musumeci, researcher at the Laboratory of Organic Electronics, LOE, at Linkoping University.

The brain is controlled by electrical signals that are converted into chemical substances in the communication between the brain cells. It has long been known that different parts of the brain can be stimulated with the help of electricity. But methods are often imprecise and affect large parts of the brain. Sometimes, metal electrodes are needed to hit the right part of the brain, which entails a risk that the hard electrode instead damages the brain tissue, causing inflammation or scarring.

A solution for treating specific parts of the brain could involve conductive plastics, also known as polymers.

"The goal is to combine biological systems with electrodes, specifically using organic conductive polymers. As polymers are soft and conformable and can transport both electricity and ions, they are preferable to conventional electrodes," says Chiara Musumeci.

Together with researchers at Karolinska Institutet, the research team at Campus Norrkoping has succeeded in anchoring the conductive plastic to individual living cell membranes. This opens up for future precise treatments of neurological diseases.

"At the moment, our results are rather general, which is a good thing, as our future research can explore what types of diseases this important tool would be suitable for. But more research is needed before we can say anything with any certainty," says Alex Bersellini Farinotti, researcher at Karolinska Institutet.




Previous attempts to anchor organic electronics at the cell surface have been made, but with genetically modified cells that make the membranes more receptive. In their present study, the researchers have not used genetically modified cells and yet managed to achieve a tight coupling without affecting the cell's other functions. This is the first time this has been done.

To succeed, the researchers used a two-step process where an anchor molecule is first used to create an attachment point in the cell membrane. At the other end of the molecule is a structure where the polymer electrode itself can attach.

The next step in the research is to get a more evenly distributed and stable anchoring over the membrane and to see how the polymer coupling behaves over time. Hanne Biesmans is a doctoral student at LOE and believes that there is great potential but also many challenges left to solve.

"We have taken a big step forward now. But we can't say with any certainty that it will work in living tissue. This is basic research, where we are now trying to figure out the way forward."
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A super-Earth laboratory for searching life elsewhere in the Universe | ScienceDaily
Thirty years after the discovery of the first exoplanet, we detected more than 7000 of them in our Galaxy. But there are still billions more to be discovered! At the same time, exoplanetologists have begun to take an interest in their characteristics, with the aim of finding life elsewhere in the Universe. This is the background to the discovery of super-Earth HD 20794 d by an international team including the University of Geneva (UNIGE) and the NCCR PlanetS. The new planet lies in an eccentric orbit, so that it oscillates in and out of its star's habitable zone. This discovery is the fruit of 20 years of observations using the best telescopes in the world. The results are published today in the journal Astronomy & Astrophysics.


						
''Are we alone in the Universe?'' For thousands of years, this question was confined to philosophy, and it is only very recently that modern science has begun to provide solid hypotheses and evidence to answer it. However, astronomers are making slow progress. Each new discovery, whether theoretical or observational, adds to the edifice by pushing back the limits of knowledge. This was the case with the discovery in 1995 of the first planet orbiting a star other than the Sun, which earned two UNIGE researchers, Michel Mayor and Didier Queloz, the 2019 Physics Nobel Prize.

Nearly thirty years later, astronomers have taken many small steps towards detecting more than 7,000 of these exoplanets. The current scientific consensus points to the existence of a planetary system for every star in our galaxy. Astronomers are now looking for exoplanets that are easier to characterise or have interesting features to test their hypotheses and consolidate their knowledge. This is the case of planet HD 20794 d, which has just been detected by a team that includes members of the UNIGE Astronomy Department.

In the habitable zone of its star

This promising planet is a super-Earth, a telluric planet larger than the Earth. It is part of a planetary system containing two other planets. It orbits a G-type star, like the Sun, at a distance of just 19.7 light-years, which is, on the scale of the Universe, in the very close neighbourhood of the Earth. This ''closeness'' makes it easier to study, as its light signals are more visible and stronger. ''HD 20794, around which HD 20794 d orbits, is not an ordinary star,'' explains Xavier Dumusque, Senior Lecturer and researcher in the Department of Astronomy at the UNIGE and co-author of the study. ''Its luminosity and proximity makes it an ideal candidate for future telescopes whose mission will be to observe the atmospheres of exoplanets directly.''

The interest in planet HD 20794 d lies in its position in the habitable zone of its star, the zone that delimits the place where liquid water can exist, one of the conditions necessary for the development of life as we know it. This zone depends on several factors, mainly the stellar properties. For stars such as the Sun or HD 20794, it can extend from 0.7 to 1.5 astronomical units (AU), encompassing not only the orbit of the Earth but also that of Mars in the case of the Sun. The exoplanet HD 20794 d takes 647 days to orbit its star, around forty days less than Mars.

Instead of following a relatively circular orbit, like the Earth or Mars, HD 20794 d follows an elliptical trajectory with large changes in the distance to its star during its revolution. The planet thus oscillates between the inner edge of its star HZ (0.75 AU) and outside of it (2 AU) along its orbit. This configuration is of particular interest to astronomers because it allows them to adjust theoretical models and test their understanding of the notion of a planet's habitability. If there is water on HD 20794 d, it would pass from the state of ice to the liquid state, conducive to the appearance of life, during the planet's revolution around the star.

Many years of observations

Detecting this super-Earth was not easy and the process was iterative. The team analysed more than twenty years of data from state-of-the-art instruments such as ESPRESSO and HARPS. For the latter, the scientists were able to rely on YARARA, a data reduction algorithm recently developed at the UNIGE. For years, planetary signals had been obscured by noise, making it difficult to discern whether planets actually existed. ''We analysed the data for years, carefully eliminating sources of contamination,'' explains Michael Cretignier, a post-doctoral researcher at Oxford University, co-author of the study and developer of YARARA during his PhD at UNIGE.

The discovery of HD 20794 d provides scientists with an interesting laboratory for modelling and testing new hypotheses in their search for life in the Universe. The proximity of this planetary system to its bright star also makes it a prime target for next-generation instruments such as the ANDES spectrograph for ESO's Extremely Large Telescope (ELT). Knowing whether this planet harbours life will still require a number of scientific milestones and a transdisciplinary approach. The conditions for its habitability are already being studied by the new Centre for Life in the Universe (CVU) at the UNIGE's Faculty of Science.
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A mite-y use of electricity | ScienceDaily
Mites who hitchhike on the beaks of hummingbirds use a surprising method to help them on their journey: electricity.


						
These hummingbird flower mites feed on nectar and live within specific flowers for their species. When it is time to seek out a new flower, they hitch a ride via hummingbirds, but for years researchers have not been sure exactly how these tiny, crawling arachnids quickly disembark at the right flower. Researchers, including Carlos Garcia-Robledo, associate professor in the Department of Ecology and Evolutionary Biology, are closer to answering these questions, and they published their results in PNAS.

Garcia-Robledo studies aspects of the evolutionary and life histories of organisms and how they respond to climate change, including this puzzling behavior.

"When hummingbirds visit multiple flowers, you usually see the mites going down their beaks only when they touch the first flower," says Garcia-Robledo. "I thought that was interesting and wondered why the mites were not going to the second or third flower."

For years, researchers have proposed that the mites use a smell signal, but after some experimentation to test this theory, Garcia-Robledo was not convinced.

"I knew that it was not maybe the smell that played a major role in this because if you bring the mites to a laboratory, they don't care much about smells of flowers and so on. I knew it had to be something else."

Then, after reading a story about research into how ticks are pulled onto clothing by static electricity, and a chance lunch meeting while working at the La Selva Research Station in Costa Rica, everything came together.




"I was reminded of the weird observation about the mites, and I thought maybe something electrostatic was happening there," he says. "These mites are so tiny that they live at another level of perception, so of course, even little electric fields are important for them. This could help explain the mystery of how they can be fast enough to hitchhike on this family of birds."

Just by chance, Garcia-Robledo was having lunch with friends and co-authors Konstantine Manser and Diego Dierick. Manser was at the time a Ph.D. student at the University of Bristol in the laboratory that produced the tick static research. Diego Dierick is a scientist at the Organization for Tropical Studies, and an electronics whiz collaborating in many projects at La Selva Research Station. Garcia-Robledo proposed they test his theory on the hitchhiking hummingbird flower mites.

"Diego and Kosta said that it was super easy and that we should try. We built the devices the next day and brought the first mite from a flower to test it. We turned on the device, and instantaneously, they started to respond. That's how we figured out that they were using static electricity," says Garcia-Robledo.

With that immediate success, the researchers were inspired to experiment further with a power source that only generated static electricity and test whether the mites were attracted to statics or the frequency that it was transmitting. They discovered that when the field was only static electricity, the mites did not respond, yet they did when the field was modulated.

"The mites respond to the bouncing of a signal that is associated with the size, geometry, and vibration of the hummingbirds, which reach frequencies between 20 and 160 Hz," Garcia-Robledo says.

As the hummingbirds beat their wings, they generate a charge, and their bodies become supercharged. So, just like how you may get a small static shock after walking across a room and touching a door handle, the first flower seems to be the one where mites have the electric potential to embark or disembark quickly.




In another experiment, Garcia-Robledo tested how the mites recognize very small positive electrical charges. He experimented with a very simple and effective device composed of a glass tube, and wire where the wire would be touched by either an aluminum or copper plate to generate a charge. The glass tube held the mite, and when the device was charged, the mites responded by running toward the positive pole at both higher and lower electrical fields, but only when it was transmitting a frequency of 120 Hz.

"You just charge the little arena, and then instantaneously, the mite is attracted only if you have this little bounce of the signal, and they go to the positive charge even if you have these super tiny charges. The little bounce the second that you touch, it is enough for them to know where to go, and they just go," says Garcia-Robledo.

Each of the 19 mite species at La Selva is attracted to specific set of flowers, and they somehow know when they have arrived at the right flower and that it's time to jump on or hop off their hummingbird shuttle.

"We think that there may be some specificity in the electric signals or different charges for flowers," says Garcia-Robledo. "That's one possibility. We found that there is a structure in the front legs that they used to perceive these electric charges and frequencies. The next step is that we have many of these mites, and they have different structures, and different species of mites have different structures in their legs. Potentially, they can detect different frequencies."

Besides signaling when to get off, these electric charges help the mites quickly board their speedy chaperones. Just like the study looking at how ticks hitch a statically charged ride onto clothing, the mites are pulled up from the flower to the hummingbird beaks via the bird's positive charge.

"When the mites are attracted by that electric field, we found they are one of the fastest terrestrial organisms for a few milliseconds," Garcia-Robledo says. "This is the most surprising thing because the mites were not just responding to electrostatics, they are responding to an actual signal generated by an organism. That was super surprising. This may be the first kind of like case where these organisms are using, at the same time, electricity to locate organisms that they are using for transportation, but also for transportation itself."
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First mouse with two male parents to reach adulthood | ScienceDaily
A team of stem cell scientists have successfully used embryonic stem cell engineering to create a bi-paternal mouse -- a mouse with two male parents -- that lived until adulthood. Their results, publishing on January 28, 2025, in the Cell Press journal Cell Stem Cell, describe how targeting a particular set of genes involved in reproduction allowed the researchers to overcome previously insurmountable challenges in unisexual reproduction in mammals.


						
Scientists have attempted to create bi-paternal mice before, but the embryos developed only to a certain point and then stopped growing. Here, the investigators, led by corresponding author Wei Li of the Chinese Academy of Sciences (CAS) in Beijing, focused on targeting imprinting genes, which regulate gene expression in a number of ways. "This work will help to address a number of limitations in stem cell and regenerative medicine research," says Li.

"The unique characteristics of imprinting genes have led scientists to believe that they are a fundamental barrier to unisexual reproduction in mammals," says co-corresponding author Qi Zhou, also of CAS. "Even when constructing bi-maternal or bi-paternal embryos artificially, they fail to develop properly, and they stall at some point during development due to these genes."

Earlier attempts to make a bi-paternal mouse used ovarian organoids to derive oocytes from male pluripotent stem cells; those ooctyes were then fertilized with sperm from another male. However, when the homologous chromosomes -- the chromosomes that divide during meiosis to create oocytes and sperm -- originated from the same sex, imprinting abnormalities arose, leading to severe developmental defects.

In this study, the researchers modified 20 key imprinting genes individually using a number of different techniques, including frameshift mutations, gene deletions, and regulatory region edits. They found that not only did these edits allow the creation of bi-paternal animals that sometimes lived to adulthood, but they also led to stem cells with more stable pluripotency.

"These findings provide strong evidence that imprinting abnormalities are the main barrier to mammalian unisexual reproduction," says co-corresponding author Guan-Zheng Luo of Sun Yat-sen University in Guangzhou. "This approach can significantly improve the developmental outcomes of embryonic stem cells and cloned animals, paving a promising path for the advancement of regenerative medicine."

The researchers note several limitations that their work still needs to address. For one thing, only 11.8% of the viable embryos were capable of developing until birth, and not all the pups that were born lived to adulthood due to developmental defects. Most of those that did live to adulthood had altered growth and a shortened lifespan. Also, the mice that lived to adulthood were sterile, although they did exhibit increased cloning efficiency.

"Further modifications to the imprinting genes could potentially facilitate the generation of healthy bi-paternal mice capable of producing viable gametes and lead to new therapeutic strategies for imprinting-related diseases," says co-corresponding author Zhi-Kun Li of CAS.

The team will continue to study how modifying imprinting genes may lead to embryos with higher developmental potential. They also aim to extend the experimental approaches developed in mice to larger animals, including monkeys. However, they note that this will require considerable time and effort because the imprinting gene combinations in monkeys differ significantly from those in mice. Whether this technology will ultimately be applied towards solving human disease remains unclear. The International Society for Stem Cell Research's ethical guidelines for stem cell research does not allow heritable genome editing for reproductive purposes nor the use of human stem cell-derived gametes for reproduction because they are deemed as currently unsafe.
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Explaining persistent hydrogen in Mars' atmosphere | ScienceDaily
The fact that the cold, dry Mars of today had flowing rivers and lakes several billion years ago has puzzled scientists for decades. Now, Harvard researchers think they have a good explanation for a warmer, wetter ancient Mars.


						
Building on prior theories describing the Mars of yore as a hot again, cold again place, a team led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have determined the chemical mechanisms by which ancient Mars was able to sustain enough warmth in its early days to host water, and possibly life.

"It's been such a puzzle that there was liquid water on Mars, because Mars is further from the sun, and also, the sun was fainter early on," said Danica Adams, NASA Sagan Postdoctoral Fellow and lead author of the new paper in Nature Geoscience.

Hydrogen was previously theorized as the magic ingredient, mixed with carbon dioxide in the Martian atmosphere to trigger episodes of greenhouse warming. But the lifetime of atmospheric hydrogen is short, so a more detailed analysis was required.

Now, Adams; Robin Wordsworth, the Gordon McKay Professor of Environmental Science and Engineering at SEAS; and team have performed photochemical modeling -- similar to methods used today to track air pollutants -- to fill in details of the early Martian atmosphere's relationship to hydrogen, and how that relationship changed over time.

"Early Mars is a lost world, but it can be reconstructed in great detail if we ask the right questions," Wordsworth said. "This study synthesizes atmospheric chemistry and climate for the first time, to make some striking new predictions -- which are testable once we bring Mars rocks back to Earth."

Adams modified a model called KINETICS to simulate how a combination of hydrogen and other gases reacting with both the ground and the air controlled the early Martian climate.




She found that during Mars' Noachian and Hesperian periods, between 4 and 3 billion years ago, Mars experienced episodic warm spells over about 40 million years, with each event lasting 100,000 or more years. These estimates are consistent with geologic features on Mars today. The warm, wet periods were driven by crustal hydration, or water being lost to the ground, which supplied enough hydrogen to build up in the atmosphere over millions of years.

During the fluctuations between warm and cold climates, the chemistry of Mars' atmosphere was also fluctuating. CO2 is constantly hit by sunlight and converted to CO. In warm periods, the CO could recycle back into CO2, making CO2 and hydrogen dominant. But if it was cold for long enough, the recycling would slow down, build up CO, and bring about a more reduced state, a.k.a. less oxygen. The redox states of the atmosphere thus changed dramatically over time.

"We've identified time scales for all of these alternations," Adams said. "And we've described all the pieces in the same photochemical model."

The modeling work lends potential new insight into conditions that supported prebiotic chemistry -- the underpinnings of later life as we know it -- during warm periods, and challenges for the persistence of that life during intervals of cold and oxidation. Adams and others are starting to work on finding evidence of those alternations using isotope chemical modeling, and they plan to compare those results to rocks from the upcoming Mars Sample Return mission.

Because Mars lacks plate tectonics, unlike Earth, the surface seen today is similar to that of long ago, making its history of lakes and rivers that much more intriguing. "It makes a really great case study for how planets can evolve over time," Adams said.

Adams started the work as a Ph.D. student at California Institute of Technology, which hosts the photochemical model she used. The study was supported by NASA and Jet Propulsion Laboratory.
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Archaeologists find 'lost' site depicted in the Bayeux Tapestry | ScienceDaily
Archaeologists have uncovered evidence that a house in England is the site of a lost residence of Harold, the last Anglo-Saxon King of England, and shown in the Bayeux Tapestry.


						
By reinterpreting previous excavations and conducting new surveys, the team from Newcastle University, UK, together with colleagues from the University of Exeter, believe they have located a power centre belonging to Harold Godwinson, who was killed in the Battle of Hastings in 1066.

Bosham, on the coast of West Sussex, is depicted twice in the Bayeux Tapestry, which famously narrates the Norman Conquest of England in 1066 when William, Duke of Normandy, challenged Harold for the throne. The Tapestry culminates in Williams's victory at Hastings, but earlier in the artwork Bosham is shown as the place where Harold enjoys a feast in an extravagant hall before setting sail for France, and again on his return.

The location of Harold's residence at Bosham has never been proved, although it has been suggested that a house in the village -- now a private home -- stands on the site.

Archaeological detective work

The team of archaeologists used a range of methods to unpick the early history of the property, including a geophysical survey of the surrounding area, assessment of standing remains, scrutiny of maps and records, and re-examination of evidence from excavations carried out in 2006 by West Sussex Archaeology.

This confirmed the existence of two previously unidentified Medieval buildings: one integrated into the current house and another in the garden. The crucial indication that the site had even earlier origins comes from the excavations in 2006, which identified a latrine within a large timber building. In the past decade or so archaeologists have begun to recognise a trend in England, beginning during the 10th century AD, for high-status houses to integrate toilets. The discovery of the latrine therefore indicated to the team that the timber building was of elite status, and almost certainly represents part of Harold's residence illustrated on the Bayeux Tapestry. The hall was one part of a more extensive complex, that also included a church, which still survives.

The research, which is published in The Antiquaries Journal, was led by Dr Duncan Wright, Senior Lecturer in Medieval Archaeology at Newcastle University, who said: "The realisation that the 2006 excavations had found, in effect, an Anglo-Saxon en-suite confirmed to us that this house sits on the site of an elite residence pre-dating the Norman Conquest. Looking at this vital clue, alongside all our other evidence, it is beyond all reasonable doubt that we have here the location of Harold Godwinson's private power centre, the one famously depicted on the Bayeux Tapestry."

Professor Oliver Creighton of the University of Exeter, and Co-Investigator of the project, added: "The Norman Conquest saw a new ruling class supplant an English aristocracy that has left little in the way of physical remains, which makes the discovery at Bosham hugely significant -- we have found an Anglo-Saxon show-home."

The research at Bosham was carried out as part of the wider Where Power Lies project, with a team drawn from Newcastle University and the University of Exeter, and funded by the Arts and Humanities Research Council. The project aims to explore the origins and early development of aristocratic centres like Bosham, assessing for the first time the archaeological evidence for these sites across the entirety of England.
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Innovation 'sifts' space for mysteries | ScienceDaily
The first trial of an Australian-developed technology has detected mysterious objects by sifting through signals from space like sand on a beach.


						
Astronomers and engineers at CSIRO, Australia's national science agency, developed the specialised system, CRACO, for their ASKAP radio telescope to rapidly detect mysterious fast radio bursts and other space phenomena.

The new technology has now been put to the test by researchers led by the Curtin University node of the International Centre for Radio Astronomy (ICRAR) in Western Australia.

Results published today in Publications of the Astronomical Society of Australia present the discovery of two fast radio bursts and two sporadically-emitting neutron stars, and improved location data of four pulsars, enabled by the new technology. They have since gone on to find more than twenty fast radio bursts.

Dr Andy Wang from ICRAR, who led the research group and tested CRACO, said the team had found more astronomical objects than expected.

"We were focused on finding fast radio bursts, a mysterious phenomenon that has opened up a new field of research in astronomy.

"CRACO is enabling us to find these bursts better than ever before. We have been searching for bursts 100 times per second and in the future we expect this will increase to 1,000 times per second," Dr Wang said.




CSIRO astronomer and engineer Dr Keith Bannister who, along with his team, developed the instrument, says the scale of observation enabled by the new technology is enormous.

"CRACO taps into ASKAP's 'live' view of the sky in search of fast radio bursts.

"To do this, it scans through huge volumes of data -- processing 100 billion pixels per second -- to detect and identify the location of bursts.

"That's the equivalent of sifting through a whole beach of sand to look for a single five-cent coin every minute," Dr Bannister said.

CRACO is made up of a cluster of computers and accelerators connected to the ASKAP radio telescope at Inyarrimanha Ilgari Bundara, the CSIRO Murchison Radio-astronomy Observatory on Wajarri Yamaji Country. Development of this technology reinforces Australia's international reputation as a leader in radio astronomy engineering and research.

"Once at full capacity, CRACO will be a game changer for international astronomy," Dr Wang said.




CRACO has been engineered to sift through the trillions of pixels received by the telescope to find anomalies, alerting researchers the moment it spots something out of the ordinary, allowing them to quickly follow up to obtain more data and complete their own analysis.

Dr Wang and his team increasingly expanded CRACO's research targets to find more exotic sources.

"We're also detecting long-period transients, which remain mysterious objects within our galaxy. Both fast radio bursts and these transients were first discovered in Australia, so it is great that we're continuing the path of discovery with this impressive technology," Dr Wang said.

CRACO will soon be made available to astronomers all over the world as part of CSIRO's Australia Telescope National Facility, a suite of national research infrastructure which includes Murriyang, CSIRO's Parkes radio telescope.

The CRACO system was developed through collaboration between CSIRO and Australian and international researchers and was partially funded through an Australian Research Council grant.
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'Embodied energy' powers modular worm, jellyfish robots | ScienceDaily
In the same way that terrestrial life evolved from ocean swimmers to land walkers, soft robots are progressing, too, thanks to recent Cornell University research in battery development and design.


						
A modular worm robot and jellyfish demonstrate the benefits of "embodied energy" -- an approach that incorporates power sources into the body of a machine, to reduce its weight and cost.

The worm and jellyfish are direct descendants of an aqueous soft robot, inspired by a lionfish and unveiled in 2019, that could store energy and power its applications via a circulating hydraulic fluid -- i.e., "robot blood." Similar blood sustains the new species, but with an improved design for greater battery capacity and power density.

"The jellyfish has much more capacity for its weight, so the duration it can travel is even longer than the fish," said Rob Shepherd, professor of mechanical and aerospace engineering, who led both projects. "The worm is the first version we've done above ground. When it's underwater, you get buoyantly supported, so you don't need a skeleton. It doesn't need to be rigid."

The key innovation of the worm robot was its compartmentalized design. The worm's body is a series of interconnected pods, each containing a motor and tendon actuator so the worm can compress and expand its shape, as well as a stack of anolyte pouches immersed in catholyte.

"There are a lot of robots that are powered hydraulically, and we're the first to use hydraulic fluid as the battery, which reduces the overall weight of the robot, because the battery serves two purposes, providing the energy for the system and providing the force to get it to move," Shepherd said. "So then you can have things like a worm, where it's almost all energy, so it can travel for long distances."

The researchers tested two modes of movement. The worm can inch along the ground, with each pod contracting and then pushing itself forward; the worm can also push its way up and down a vertical pipe like a caterpillar, a technique known as two-anchor crawling.

The robot is not exactly speedy -- it would take 35 hours to travel 105 meters in a single charging -- but it is faster than other hydraulically powered worm bots. As for potential applications, the worm is particularly well suited for exploring long and narrow passageways, such as pipes, and possibly conducting repairs.

Likewise, the jellyfish robot would be an ideal low-cost tool for ocean exploration because it can be carried along with the current, then swim up to the surface to send and receive communications, before sinking back down.

The research was supported by the Office of Naval Research and the Department of Energy Basic Energy Sciences Program.
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Dwarf planet Ceres: Building blocks of life delivered from space | ScienceDaily
The organic material found in a few areas on the surface of dwarf planet Ceres is probably of exogenic origin. Impacting asteroids from the outer asteroid belt may have brought it with them. In the journal AGU Advances, a group of researchers led by the Max Planck Institute for Solar System Research (MPS) in Germany presents the most comprehensive analysis to date of this mysterious material and its geological context. To this end, the team for the first time used artificial intelligence to analyse observational data from NASA's Dawn spacecraft. According to the study, the dwarf planet's unique cryovolcanism, in which salty brine rises from the body's interior to the surface, is not responsible for the organic deposits discovered so far. These new findings help to understand where and how habitable conditions could have arisen in the Solar System.


						
Organic molecules are among the necessary inventory of life-friendly worlds. On Earth, the compounds of carbon, hydrogen and -- in smaller quantities -- other elements form the basic building blocks of all life. In recent years, researchers have found such molecules at great distances from the Sun: on trans-Neptunian objects, comets, and far-away asteroids. These bodies are thought to be largely unaltered remnants from the early days of the Solar System. The building blocks of life may therefore have been part of their "basic configuration" from the very beginning and possibly reached the inner Solar System only later.

For the current study, the researchers looked for previously unknown deposits of organic material on dwarf planet Ceres. With its location in the middle of the asteroid belt between the orbits of Mars and Jupiter, the body is neither clearly native to the inner nor the outer Solar System. According to earlier studies, this location could even be its birthplace. Scientists are therefore interested in the origin of Ceres's organic components. Did they originate locally in the asteroid belt? Or did they arrive later?

Searching for Organics from afar

Evidence of deposits of organic material was already found during the early stages of the Dawn mission. The Dawn spacecraft reached Ceres in March 2015 and accompanied it for about three and a half years. During this time, the scientific camera system and the spectrometer on board scanned the entire surface of the dwarf planet. Potential patches of organic material can be detected from the camera data: the brightness of the light reflected from these areas increases noticeably with increasing wavelength. The spectrometer splits the light into many more wavelengths than the camera and can therefore prove or disprove the presence of organics. Unfortunately, remote data is not sufficient to identify individual types of molecules beyond doubt. However, it is certain that the discovered deposits consist of organic compounds that have a chain-like structure. Researchers refer to such molecules as aliphatic hydrocarbons.

The authors of the current study have now used artificial intelligence to comb the entire surface of the dwarf planet for traces of aliphatic organic molecules. "Sites of such organic molecules are actually rare on Ceres, and devoid of any cryovolcanic signatures" says first author Ranjan Sarkar from the MPS, summarizing the results. The vast majority of deposits can be found along the edge or near the large Ernutet crater in the northern hemisphere of the dwarf planet. Only three are located at a greater distance from it. Two patches were not previously known. A closer look at the geological structures at the locations of the organic material allows further conclusions. "At none of the deposits do we find evidence of current or past volcanic or tectonic activity: no trenches, canyons, volcanic domes or vents. Furthermore, there are no deep impact craters nearby," says Martin Hoffmann from MPS.

Impacts from distant neighbors

During the Dawn mission, Ceres had turned out to be an extraordinary, cryovolcanic world. Under its surface, a watery brine is hidden, which in some places has been seeping to the surface until recently. "Of course, the first assumption is that Ceres' unique cryovolcanism has transported the organic material from the interior of the body to the surface," says Andreas Nathues from MPS, head of the camera team. "But our results show otherwise," he adds. At the sites of cryovolcanic activity, there is no proof of organic matter. And where organic compounds have been reliably detected, there is no evidence of deep or surface activity.




The researchers therefore argue that the impact of one or more asteroids from the outer asteroid belt introduced the organic material. Computer simulations show that these bodies are among the ones that most frequently collided with Ceres. Since the not-too-distant neighbors do not pick up much speed, only little heat is generated upon impact. Organic compounds can survive these temperatures.

"Unfortunately, Dawn can't detect all types of organic compounds," Andreas Nathues points out. It is quite likely that building blocks of life were also formed in Ceres' underground ocean and perhaps even reached the surface -- or are still doing so. "However, the organic deposits that have been reliably detected with Dawn so far likely do not originate Ceres itself," he explains. Nathues continues by saying that a future lander mission would be needed to detect organic material from the interior of Ceres.

About the mission

NASA's Dawn mission studied two bodies in the asteroid belt up close: the protoplanet Vesta from 2011 to 2012, and the dwarf planet Ceres from 2015 to 2018. The mission's scientific camera system, the Dawn Framing Cameras, were developed, built, and operated during the mission under the leadership of MPS. The VIR spectrometer was provided by the Italian Space Agency ASI.
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A new experimental system to bring quantum technologies closer to students | ScienceDaily
The world of quantum physics is experiencing a second revolution, which will drive an exponential leap in the progress of computing, the internet, telecommunications, cybersecurity and biomedicine. Quantum technologies are attracting more and more students who want to learn about concepts from the subatomic world -- such as quantum entanglement or quantum superposition -- to explore the innovative potential of quantum science. In fact, understanding the non-intuitive nature of quantum technology concepts and recognizing their relevance to technological progress is one of the challenges of 2025, declared the International Year of Quantum Science and Technology by UNESCO.


						
Now, a team from the Faculty of Physics of the University of Barcelona has designed new experimental equipment that makes it possible for students to familiarize themselves with the more complex concepts of quantum physics. The configuration they present -- versatile, cost-effective and with multiple ways of application in the classroom -- is already operational in the Advanced Quantum Laboratory of the UB's Faculty of Physics and could also be accessible in less specialized centres.

This innovation is presented in an article in the journal EPJ Quantum Technology, which results from a collaboration between professors Bruno Julia, from the Department of Quantum Physics and Astrophysics and the UB Institute of Cosmos Sciences (ICCUB); Marti Duocastella, from the Department of Applied Physics and the UB Institute of Nanoscience and Nanotechnology (IN2UB), and Jose M. Gomez, from the Department of Electronic and Biomedical Engineering. It is based on the result of Raul Lahoz's master's final project, with the participation of experts Lidia Lozano and Adria Bru.

Study of phenomena unique to quantum mechanics  Quantum mechanics makes it possible to create so-called entangled systems -- for example, with two particles or two photons -- that behave in a non-intuitive way. In 1964, the physicist John S. Bell experimentally proved that the predictions of quantum mechanics were totally incompatible with a classical description of physics -- a hypothesis that had been advocated by Albert Einstein -- and consolidated the probabilistic nature of quantum mechanics. In 2022, scientists Alain Aspect, John F. Clauser and Anton Zeilinger were awarded the Nobel Prize in Physics for pioneering experiments in quantum information on entangled photons and the experimental demonstration of the violation of Bell's inequalities.

Quantum entanglement is today one of the fundamental resources to drive the development of quantum technologies (quantum computers, data encryption, etc.). "The study of Bell inequalities -- in particular, observing violations of the inequalities -- is fundamental to characterizing quantum entangled systems. It is important to be able to perform these experiments in a teaching laboratory to understand Bell's inequalities, quantum entanglement and the probabilistic nature of quantum mechanics," says Bruno Julia.

Marti Duocastella explains in the article that they have designed "new experimental equipment capable of providing students with direct measurements of quantum entanglement." "From our perspective, -- says the researcher -- we believe that allowing students to make these measurements will greatly facilitate their understanding of this unintuitive phenomenon."

Introducing students to advanced tools  The system designed by the UB team makes it possible to study Bell inequalities and also to perform full two-photon state tomography. With a simple operation, it can prepare different quantum entangled states. Compared to previous proposals, "the new equipment has improved the photon-capture process: it uses detectors assembled to optical fibres, one of the key innovations to simplify the experiment, which facilitates the alignment of the system and increases the efficiency of the detection. Thus, a complete measurement of the Bell inequalities can be performed during a practical laboratory session (between one and two hours)," say Julia and Duocastella.

The results reveal successful manipulation of the quantum state of photons and the achievement of high-fidelity entangled states and significant violations of Bell inequalities. Also, the elements of the system are widely used in current quantum technologies, facilitating students' contact with advanced instrumentation.

This innovation, which has already been applied in bachelor's and master's degree courses, has received very positive feedback from all students. In the bachelor's degree in Physics, it allows experimental demonstrations to be carried out to complement the subject of Classical and Quantum Information Theory and Quantum Mechanics. In the master's degree course, it is one of the four experiments in the Advanced Quantum Laboratory of the Master's degree in Quantum Science and Technologies.

This study has received funding from both the Spanish Ministry of Science, Innovation and Universities and the European Union's Next Generation EU funds.
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How Titan maintains its atmosphere | ScienceDaily
Southwest Research Institute partnered with the Carnegie Institution for Science to perform laboratory experiments to better understand how Saturn's moon Titan can maintain its unique nitrogen-rich atmosphere. Titan is the second largest moon in our solar system and the only one that has a significant atmosphere.


						
"While just 40% the diameter of the Earth, Titan has an atmosphere 1.5 times as dense as the Earth's, even with a lower gravity," said SwRI's Dr. Kelly Miller, lead author of a paper about these findings published in the journal Geochimica et Cosmochimica Acta. "Walking on the surface of Titan would feel a bit like scuba diving."

The origin, age, and evolution of this atmosphere, which is roughly 95% nitrogen and 5% methane, has puzzled scientists since it was discovered in 1944.

"The presence of methane is critical to the existence of Titan's atmosphere," Miller says. "The methane is removed by reactions caused by sunlight and would disappear in about 30 million years after which the atmosphere would freeze onto the surface. Scientists think an internal source must replenish the methane, or else the atmosphere has a geologically short lifetime."

Miller was also the lead author of a 2019 paper published in the Astrophysical Journal that proposed a theoretical model of how the atmosphere may have developed and is replenished over the years. The paper theorizes that large amounts of highly complex organic materials are heated up in Titan's rocky interior, releasing nitrogen as well as carbon gases like methane. The gas then seeps out at the surface, where it forms a thick atmosphere around the moon. This theory is corroborated by the recent experiments that heated organic materials to temperatures of 250 to 500 Celsius at pressures up to 10 kilobars to simulate the interior conditions of Titan. The experiments produced carbon gases like carbon dioxide and methane in sufficient quantities to help supply Titan's atmospheric reservoir.

The paper is largely based on data from NASA's Cassini-Huygens spacecraft mission, which launched in 1997 and explored the Saturn system from 2004 to 2017. NASA plans to launch its next mission to the Saturnian system in 2028 with a spacecraft dubbed Dragonfly. It will include a quadcopter designed to explore Titan up close and investigate whether environments at Titan could have ever been conducive for life. Miller is working next with a global team of researchers to study the habitability of the subsurface liquid ocean.
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Underwater mud volcanos are a haven for marine organisms | ScienceDaily
One would think that a volcano was not the most hospitable place for living organisms. However, the Borealis Mud Volcano, at 400 m water depth, acts as a sanctuary for a number of marine species.


						
The underwater volcano Borealis Mud Volcano is located in the Barents Sea and was first discovered by researchers at UiT The Arctic University of Norway in 2023. The discovery received a lot of attention, and images of the volcano circulated around the world. Now researchers from UiT, in collaboration with REV Ocean, have finally published the results from an interdisciplinary investigation showing that Borealis mud volcano has a unique ecological role as a natural sanctuary for several marine species in the Barents Sea.

While some parts of the crater floor of Borealis appear inhospitable to a variety of organisms, the carbonate crusts -- a type of mineral formed thousands of years ago -- that characterized Borealis provide a suitably hard substrate for species of anemones, serpulids, demosponges, and sparse octocoral colonies.

"Important for maintaining biodiversity"

In addition, the carbonates offer both shelter and feeding opportunities, playing an important role in sustaining the local fish populations. The researchers observed large schools of commercially valuable species like saithe and various demersal species such as spotted wolffish, cod, four-bearded rockling, and redfish (Sebastes spp.) clustering around the jagged carbonate formations.

"The redfish, for instance, is red listed, and we don't know the consequences if it would disappear. Borealis is an oasis where different species can thrive and flourish. Thus, preserving ecosystems such as the Borealis Mud Volcano is essential for maintaining biodiversity and understanding the interactions between geology, geochemistry and biology in marine environments. We need that understanding, among other things, considering that the Arctic seabed plays an important role in oil and gas extraction activities and the emerging deep-sea mining industry," says Professor Giuliana Panieri, lead author of the study recently published in Nature Communications.

Methan has leaked out, probably for thousands of years

Onboard the research vessel Kronprins Haakon in May 2024, researchers confirmed the previous discoveries. Using the remotely operated vehicle, ROV Aurora, the research team was able to make a series of observations of the underwater volcano. Among other things, they saw that it warms the surroundings to 11.5 degrees Celsius, while the seabed usually has a temperature of around 4 degrees Celsius.




The researchers also found sediments containing extinct, microscopic marine organisms from up to 2.5 million years ago and that small "mud cones" in the volcanic system are emitting vigorous methane-rich liquids. The fact that the seabed around the volcano is also characterized by extensive carbonate deposits indicates that methane has leaked out, probably for thousands of years.

"The Borealis Mud Volcano is a unique geological and ecological phenomenon that provides a rare insight into the complex interactions between geological processes and marine ecosystems. It is important to preserve these unique habitats, which play a crucial role in maintaining marine biodiversity," says Panieri.

She reminds that, in the longer term, Norway has committed to the 30x30 target (protecting 30 % of land and sea by 2030) for spatial conservation measures of representative marine ecosystems, including in the deep sea. Protecting large areas of the deep-sea floor along the Norwegian margin may result in seep refugia acting as source populations for wider recolonization and restoration of benthic biological communities.

"The new findings show the power of international cooperation and how such cooperation can contribute to increasing our understanding of the world's oceans," says Panieri.
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Strong as steel, light as foam: High-performance, nano-architected materials | ScienceDaily
Researchers at the University of Toronto's Faculty of Applied Science & Engineering have used machine learning to design nano-architected materials that have the strength of carbon steel but the lightness of Styrofoam.


						
In a new paper published in Advanced Materials, a team led by Professor Tobin Filleter describes how they made nanomaterials with properties that offer a conflicting combination of exceptional strength, light weight and customizability. The approach could benefit a wide range of industries, from automotive to aerospace.

"Nano-architected materials combine high performance shapes, like making a bridge out of triangles, at nanoscale sizes, which takes advantage of the 'smaller is stronger' effect, to achieve some of the highest strength-to-weight and stiffness-to-weight ratios, of any material," says Peter Serles, the first author of the new paper.

"However, the standard lattice shapes and geometries used tend to have sharp intersections and corners, which leads to the problem of stress concentrations. This results in early local failure and breakage of the materials, limiting their overall potential.

"As I thought about this challenge, I realized that it is a perfect problem for machine learning to tackle."

Nano-architected materials are made of tiny building blocks or repeating units measuring a few hundred nanometres in size -- it would take more than 100 of them patterned in a row to reach the thickness of a human hair. These building blocks, which in this case are composed of carbon, are arranged in complex 3D structures called nanolattices.

To design their improved materials, Serles and Filleter worked with Professor Seunghwa Ryu and PhD student Jinwook Yeo at the Korea Advanced Institute of Science & Technology (KAIST) in Daejeon, South Korea. This partnership was initiated through the University of Toronto's International Doctoral Clusters program, which supports doctoral training through research engagement with international collaborators.




The KAIST team employed the multi-objective Bayesian optimization machine learning algorithm. This algorithm learned from simulated geometries to predict the best possible geometries for enhancing stress distribution and improving the strength-to-weight ratio of nano-architected designs.

Serles then used a two-photon polymerization 3D printer housed in the Centre for Research and Application in Fluidic Technologies (CRAFT) to create prototypes for experimental validation. This additive manufacturing technology enables 3D printing at the micro and nano scale, creating optimized carbon nanolattices.

These optimized nanolattices more than doubled the strength of existing designs, withstanding a stress of 2.03 megapascals for every cubic metre per kilogram of its density, which is about five times higher than titanium.

"This is the first time machine learning has been applied to optimize nano-architected materials, and we were shocked by the improvements," says Serles. "It didn't just replicate successful geometries from the training data; it learned from what changes to the shapes worked and what didn't, enabling it to predict entirely new lattice geometries.

"Machine learning is normally very data intensive, and it's difficult to generate a lot of data when you're using high-quality data from finite element analysis. But the multi-objective Bayesian optimization algorithm only needed 400 data points, whereas other algorithms might need 20,000 or more.?So, we were able to work with a much smaller but an extremely high-quality data set."

"We hope that these new material designs will eventually lead to ultra-light weight components in aerospace applications, such as planes, helicopters and spacecraft that can reduce fuel demands during flight while maintaining safety and performance," says Filleter. "This can ultimately help reduce the high carbon footprint of flying."

"For example, if you were to replace components made of titanium on a plane with this material, you would be looking at fuel savings of 80 litres per year for every kilogram of material you replace," adds Serles.




Other contributors to the project include University of Toronto professors Yu Zou, Chandra Veer Singh, Jane Howe and Charles Jia, as well as international collaborators from Karlsruhe Institute of Technology (KIT) in Germany, Massachusetts Institute of Technology (MIT) and Rice University in the United States.

"This was a multi-faceted project that brought together various elements from material science, machine learning, chemistry and mechanics to help us understand how to improve and implement this technology," says Serles, who is now a Schmidt Science Fellow at the California Institute of Technology (Caltech).

"Our next steps will focus on further improving the scale up of these material designs to enable cost effective macroscale components," adds Filleter.

"In addition, we will continue to explore new designs that push the material architectures to even lower density while maintaining high strength and stiffness."
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Scaling up neuromorphic computing for more efficient and effective AI everywhere and anytime | ScienceDaily
Neuromorphic computing -- a field that applies principles of neuroscience to computing systems to mimic the brain's function and structure -- needs to scale up if it is to effectively compete with current computing methods. In a review published Jan. 22 in the journal Nature, 23 researchers, including two from the University of California San Diego, present a detailed roadmap of what needs to happen to reach that goal. The article offers a new and practical perspective toward approaching the cognitive capacity of the human brain with comparable form factor and power consumption.


						
"We do not anticipate that there will be a one-size-fits-all solution for neuromorphic systems at scale but rather a range of neuromorphic hardware solutions with different characteristics based on application needs," the authors write.

Applications for neuromorphic computing include scientific computing, artificial intelligence, augmented and virtual reality, wearables, smart farming, smart cities and more. Neuromorphic chips have the potential to outpace traditional computers in energy and space efficiency, as well as performance. This could present substantial advantages across various domains, including AI, health care and robotics. As the electricity consumption of AI is projected to double by 2026, neuromorphic computing emerges as a promising solution.

"Neuromorphic computing is particularly relevant today, when we are witnessing the untenable scaling of power- and resource-hungry AI systems," said Gert Cauwenberghs, a Distinguished Professor in the UC San Diego Shu Chien-Gene Lay Department of Bioengineering and one of the paper's coauthors.

Neuromorphic computing is at a pivotal moment, said Dhireesha Kudithipudi, the Robert F. McDermott Endowed Chair at the University of Texas San Antonio and the paper's corresponding author. "We are now at a point where there is a tremendous opportunity to build new architectures and open frameworks that can be deployed in commercial applications," she said. "I strongly believe that fostering tight collaboration between industry and academia is the key to shaping the future of this field. This collaboration is reflected in our team of co-authors."

Last year, Cauwenberghs and Kudithipudi secured a $4 million grant from the National Science Foundation to launch THOR: The Neuromorphic Commons, a first-of-its-kind research network providing access to open neuromorphic computing hardware and tools in support of interdisciplinary and collaborative research.

In 2022, a neuromorphic chip designed by a team led by Cauwenberghs showed that these chips could be highly dynamic and versatile, without compromising accuracy and efficiency. The NeuRRAM chip runs computations directly in memory and can run a wide variety of AI applications -- all at a fraction of the energy consumed by computing platforms for general-purpose AI computing. "Our Nature review article offers a perspective on further extensions of neuromorphic AI systems in silicon and emerging chip technologies to approach both the massive scale and the extreme efficiency of self-learning capacity in the mammalian brain," said Cauwenberghs.

To achieve scale in neuromorphic computing, the authors propose several key features that must be optimized, including sparsity, a defining feature of the human brain. The brain develops by forming numerous neural connections (densification) before selectively pruning most of them. This strategy optimizes spatial efficiency while retaining information at high fidelity. If successfully emulated, this feature could enable neuromorphic systems that are significantly more energy-efficient and compact.

"The expandable scalability and superior efficiency derive from massive parallelism and hierarchical structure in neural representation, combining dense local synaptic connectivity within neurosynaptic cores modeled after the brain's gray matter with sparse global connectivity in neural communication across cores modeling the brain's white matter, facilitated through high-bandwidth reconfigurable interconnects on-chip and hierarchically structured interconnects across chips," said Cauwenberghs.

"This publication shows tremendous potential toward the use of neuromorphic computing at scale for real-life applications. At the San Diego Supercomputer Center, we bring new computing architectures to the national user community, and this collaborative work paves the path for bringing a neuromorphic resource for the national user community," said Amitava Majumdar, director of the division of Data-Enabled Scientific Computing at SDSC here on the UC San Diego campus, and one of the paper's coauthors.
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Adding bridges to stabilize quantum networks | ScienceDaily
While entangled photons hold incredible promise for quantum computing and communications, they have a major inherent disadvantage. After one use, they simply disappear.


						
In a new study, Northwestern University physicists propose a new strategy to maintain communications in a constantly changing, unpredictable quantum network. By rebuilding these disappearing connections, the researchers found the network eventually settles into a stable -- albeit different -- state.

The key resides in adding a sufficient number of connections to ensure the network continues to function, the researchers found. Adding too many connections comes with a high cost, overburdening the resources. But adding too few connections results in a fragmented network that cannot satisfy the user demand.

The findings potentially could lead to optimally designed quantum networks for lightning-fast computing and ultra-secure communications.

The study was published today (Jan. 23) in the journal Physical Review Letters.

"Many researchers are putting significant efforts into building larger and better quantum communication networks around the globe," said Northwestern's Istvan Kovacs, the study's senior author. "But, as soon as a quantum network is opened up to users, it burns down. It's like crossing a bridge and then burning it down behind you. Without intervention, the network quickly dismantles. To tackle this problem, we developed a simple model of users. After each communication event, we added a fixed number of bridges, or links, between disconnected nodes. By adding a large enough number of links after each communication event, we maintained network connectivity."

An expert in complex systems, Kovacs is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences.




Network of disappearing links

Quantum networks work by harnessing quantum entanglement, a phenomenon in which two particles are linked, regardless of the distance between them. Xiangi Meng, an expert in quantum communication and one of the study's first authors, describes entanglement as a "spooky" but effective resource. At the time of the research, Meng was a research associate in the Kovacs group but now is an assistant professor of physics at Rensselaer Polytechnic Institute in New York.

"Quantum entanglement is the spooky, space-time-defying correlation between quantum particles," Meng said. "It's a resource that allows quantum particles to talk to each other, so they can perform complex tasks together while ensuring no eavesdropper can intercept their messages."

When two computers communicate using entangled links, however, the links involved in that communication disappear. The act of communication itself alters the quantum state of the link, making it unusable for further communications.

"In classical communications, the infrastructure has enough capacity to handle many, many messages," Kovacs said. "In a quantum network, each link can only send a single piece of information. Then it falls apart."

Pinpointing the magic number

To better understand how networks behave under constant change, Kovacs and his team built a simplified model of users within a quantum network. First, the researchers enabled users to randomly select other users with whom to communicate. Then, they found the shortest, most efficient communication path between those users and removed all the links along that path. This created a "path percolation," where the network gradually breaks down with each communication event.




After exploring this problem, Kovacs and his team sought to offer a solution. Through modeling, they found the exact number of links to add after each communication event. That number resides at the critical boundary between maintaining the network and fracturing the network. Surprisingly, the team found the critical number is just the square root of the number of users. If there are 1 million users, for example, then 1,000 links need to be re-added for every 1 qubit of information sent through the network.

"It would be natural to expect that this number increases linearly with the number of users, or maybe even quadratically, as the number of user pairs that could communicate," Kovacs said. "We found the critical number actually is a very small fraction compared to the number of users. But, if you add fewer than that, the network will fall apart, and people cannot communicate."

Kovacs envisions this information potentially could help others design an optimized, robust quantum network that can tolerate failures. New links could be automatically added when other links disappear -- creating a more resilient network.

"The classical internet was not built to be fully robust," Kovacs said. "It naturally emerged due to technological constraints and user behavior. It was not designed, it just happened. But now we can do better with the quantum internet. We can design it to ensure it reaches its full potential."
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'Buzz me in:' Bees wearing itty bitty QR codes reveal hive secrets | ScienceDaily
Several hundred bees in rural Pennsylvania and rural New York are sporting tiny QR codes on their backs. More than the latest in apiarian fashion, the little tags serve a scientific purpose: tracking when bees go in and out of their hives to better understand how long honey bees spend foraging for food outside of their hives. The work, a collaboration among entomologists and electrical engineers at Penn State, is the first step in solving a long-standing mystery of how far bees travel from their hives to collect pollen and nectar.


						
So far, the researchers have learned that while most trips outside of the hive last mere minutes, a small minority of bees can spend more than two hours away. The team said they expect to learn much more, thanks to the system they developed to track honey bees' time out of the hive.

"This technology is opening up opportunities for biologists to study systems in ways that weren't previously possible, especially in relation to organic beekeeping," said Margarita Lopez-Uribe, the Lorenzo L. Langstroth Early Career Professor, associate professor of entomology and author on the paper published in HardwareX, an open-access journal that details the exact equipment and methods researchers use in their work so that it might be replicated or built upon by others. "In field biology, we usually just look at things with our eyes, but the number of observations we can make as humans will never scale up to what a machine can do."

Like workers at a high-security building, the bees "buzz" their way in and out of the hive, flashing the pass on their back. They have free access, but they are digitally tracked via an automated imaging system the team developed to monitor when bees leave the hive and when they return via a customized entrance with a camera sensor. The QR codes glued to bees' backs are known as fiduciary tags, which carry the smallest amount of identification information and can be quickly detected and logged via the imaging system, even in low-resolution conditions. The system is a break with conventional entomology field work in which researchers visually observe bees for limited periods, enabling far more comprehensive and expanded observations, the researchers said.

Barriers to organic beekeeping

In general, organic beekeeping means that hives are kept free of chemical pesticides, herbicides and synthetic chemical treatments, and are situated away from polluted areas. While the U.S. Department of Agriculture's National Organic Standards Board recommended specific standards for certifying honey and other bee products as "organic" in 2010, they were never passed. Honey bees are capable of flying long distances when they need to -- estimated to be able to fly up to 10 kilometers from their hive -- but the team hypothesized that such distance is uncommon and bees generally fly much shorter distances, perhaps less than one kilometer, according to Lopez-Uribe. As such, the forage and surveillance zone requirements recommended for organic beekeeping in 2010 may be unnecessarily large.

That could change with a better, more precise understanding of bee foraging range, the researchers said. Honey bees communicate where the food sources are to other bees in the colony with a physical behavior called the "waggle dance." Lopez-Uribe said researchers spend significant time observing and attempting to decode the waggle dance to determine how far bees travel from their colonies -- a process that could be aided by accurately tracking how long individual bees spend foraging.




"The waggle dance is the best source of information that we have about bee foraging, but that's based on human observations, with maybe an hour of observations made once a day over two weeks. So, we approached the electrical engineering team to see if there might be technology that could better make these observations," Lopez-Uribe said. "The goal is to understand if that 10-kilometer estimation is biologically accurate. Can we determine exactly how far honey bees travel from their hives?"

Buddying up for the bees

The entomologists turned to Julio Urbina, professor of electrical engineering and co-corresponding author on the study, who tapped Diego Penaloza-Aponte, a doctoral student in electrical engineering and co-corresponding author on the study.

"There wasn't anything available like this before," Urbina said. "This paper is the first step moving forward in the right direction, with opportunities to do more -- in large part because of the growing synergy across our teams."

The researchers emphasized that this was not a collaboration of silos, where biologists and engineers pieced together separate contributions. Rather, the experts spent time as novices in each other's disciplines to better understand the specific needs and limitations. The electrical engineers worked in the field, learning first-hand how to handle and monitor bees, while the entomologists visited the lab to learn what considerations go into designing and building automated technology.

"Systems built in the past to monitor bees were developed to run in or near controlled laboratory environments," Penaloza-Aponte said. "Our goal was to develop something that could run in a rural environment, away from the lab, on solar power and to make everything open source. Anyone can use this system and modify it."

According to Penaloza-Aponte, access was also of concern. All of the equipment used is commercially available and cost less than $1,500 in total per apiary, which includes six colonies.




Buzzing with new knowledge

The researchers used AprilTags, a QR code smaller than a person's pinky nail that could be glued to the worker bee without impeding her movement or causing harm. Every two weeks throughout the active spring and summer season, the team tagged 600 young bees that had just emerged from their cells across six colonies. In total, they tagged over 32,000 bees across six apiaries.

"We targeted young bees so we could track their age more accurately, especially when they start to fly and when they stop," said Robyn Underwood, Penn State Extension educator in apiculture and co-author on the paper. She explained that young bees are also softer and don't sting yet, so they're easier to handle. "Once the bee was old enough to fly, it would leave the colony and be seen under the camera. In real time, our sensor would read the QR code and capture the bee ID, date, time, direction of movement -- leaving or entering the hive -- and the temperature. Throughout the season, we could track individual bees. When did she leave? When did she come back? What was she up to?"

The researchers found that most trips typically lasted one to four minutes, which could be to check the weather prior to foraging or to defecate outside of the hive. Longer trips typically lasted less than 20 minutes, but 34% of the tagged bees spent more than two hours away from the hive. This could reflect an unusually long foraging trip, a bee who never returned to the hive or a missed detection if the bee entered the hive upside down, the researchers said. During some weeks, with fewer flowers available, more bees spent more time foraging, likely because they had to travel farther to find adequate food.

"We also found that bees are foraging for a lot longer over their lifetimes than initially thought," said Underwood, explaining that honey bees are believed to live for about 28 days. "We're seeing bees foraging for six weeks, and they don't start foraging until they are already about two weeks old, so they live a lot longer than we thought."

The cameras at each hive, running 24 hours a day and seven days a week, were each connected to a microcomputer, and the researchers uploaded the data to their laptops at weekly visits.

The researchers encountered an expected issue early in the monitoring -- bees loitering in the hive entrance. The camera would detect their individual QR codes upwards of hundreds of times in a day.

"Turns out, some bees just like hanging out in the entrance, and the camera will read them every time they walk by," Diego said. "That's why the programming is so handy. It can cut that outlier data and help make sure we're tracking what's actually meaningful."

Waggling into the future

The researchers are now collaborating with a team at Virginia Tech to assess how foraging duration times match decoded waggle dances. Next, the researchers said they hope to tag and track other bee species, as well as other types of honey bees, such as drone bees or queen bees to learn more about those aspects of the colony. They also plan to host workshops for scientists and beekeepers to learn how to build and use their own monitoring systems.

Other co-authors on this paper include Sarabeth Brandt, doctoral student in electrical engineering, and Selina Bruckner, postdoctoral scholar in entomology, Penn State; Erin Dent, an undergraduate student at Texas A&M University who participated on the project as a Project Drawdown scholar in summer of 2023; and Benedict DeMoras, with the Department of Entomology at Cornell University. This team is also collaborating with Margaret Couvillon and Lindsay Johnson, with the Department of Entomology at Virginia Tech; and Scott McArt, with the Department of Entomology at Cornell University.

The U.S. Department of Agriculture's National Institute of Food and Agriculture funded this work.
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London cabbies' planning strategies could help inform future of AI | ScienceDaily
Researchers have measured the thinking time of London taxi drivers -- famous for their knowledge of more than 26,000 streets across the city -- as part of a study into the future of AI route-mapping.


						
Unlike a satnav, which calculates every possible route until it gets to the destination, researchers at the University of York, in collaboration with University College London and the Champalimaud Foundation, found that London taxi drivers rationally plan each route by prioritising the most challenging areas first and filling in the rest of the route around these tricky points.

Current computational models to understand human planning systems are challenging to apply to the 'real world' or at large scale, and so researchers measured the thinking time of London taxi drivers while they planned travel journeys to various destinations in the capital city.

Previous studies have shown the uniqueness of the London taxi driver's brain; they have a larger posterior hippocampus region than the average person, with their brain changing in volume as a result of their cab driving experience.

Dr Pablo Fernandez Velasco, British Academy Postdoctoral Fellow at the University of York, said: "London is incredibly complex, so planning a journey in a car 'off the top of your head' and at speed is a remarkable achievement.

"If taxi drivers were planning routes sequentially, as most people do, street-by-street, we would expect their response times to change significantly depending on how far they are along the route.

"Instead, they look at the entire network of streets, prioritising the most important junctions on the route first, using theoretical metrics to determine what is important. This is a highly efficient way of planning, and it is the first time that we are able to study it in action."

Researchers showed that taxi drivers use their cognitive resources in a much more efficient way than current technology, and argue that learning about expert human planners can help with AI development in a number of ways.




Dan McNamee from the Champalimaud Foundation said: "The development of future AI navigation technologies could benefit from the flexible planning strategies of humans, particularly when there are a lot of environmental features and dynamics that have to be taken into account.

"Another way to enhance these technologies would be to integrate the information about human experts into AI algorithms designed to collaborate with humans. This is a very important point, because if we want to optimize how an AI algorithm interacts with a human, the algorithm has to 'know' how the human thinks."

Professor Hugo Spiers from University College London added: "This study certainly confirms what other studies have found -- the London taxi driver's brain is incredibly efficient and its larger volume is put to good use in making sense of a highly complex city like London."

The research is supported by the British Academy, the EPSRC UK, and Ordnance Survey and published in the journal PNAS.
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New tool enables phylogenomic analyses of entire genomes | ScienceDaily
Researchers led by electrical engineers at the University of California San Diego have developed a better way to perform the comparative analysis of entire genomes. This approach can be used to study relationships between different species across geological time scales.


						
This new approach is poised to unlock discoveries regarding how evolution has shaped present-day genomes and also how the tree of life is organized. The new method, named CASTER, is described in a paper published in Science on 23 January 2025.

CASTER is poised to offer biologists a far more scalable approach than state-of-the-art for comparing full genomes. This is especially relevant given the exploding number of sequenced genomes of both living and also extinct species. All these genomes are available for comparative study through phylogenomic analyses. CASTER provides interpretable outputs that will help biologists understand not only the species relationships but also the mosaic of evolutionary histories across the genome.

"Since the early 2000s, countless studies have claimed 'genome-wide' phylogeny reconstruction; however, these have been all based on subsampling regions scattered across the genomes, totalling only a small fraction of each full genome that is part of any given study. Analyzing all genomic positions while using complex models had seemed out of reach," said Siavash Mirarab, an electrical engineering professor at UC San Diego and the corresponding author of the new paper in Science "What excites me is that we can now perform truly genome-wide analyses using every base pair aligned across species with widely available computational resources."

"Arriving at this milestone required combined efforts from many disciplines, including statistics, computer science, and biology," said Chao Zhang, the first author on the new Science paper. Zhang completed his PhD at UC San Diego in the Bioinformatics and Systems Biology program. He is now on the faculty of the University of Copenhagen.
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Super enzyme that regulates testosterone levels in males discovered in 'crazy' bird species | ScienceDaily
A single gene that regulates testosterone levels in a "crazy" species of shore bird controls the development of three wildly different types of males, an international study involving researchers at Simon Fraser University has found.


						
Ruffs have long fascinated scientists for their three types of males, known as morphs, that differ radically from each other in appearance and mating behaviours.

A new study published on the cover of the journal Science this month has discovered that these morphs are produced by a super enzyme (HSD17B2) in the blood of the birds that's able to regulate testosterone levels in males and rapidly break down the hormone normally associated with male dominance and aggression.

"The species is crazy, with three kinds of outlandish looking and behaving males," says David Lank, a biologist at SFU who has studied ruffs for 40 years and whose team first discovered the testosterone differences between the morphs. "This paper explains a lot about the genetic and physiological process that control the development of the three types."

Most male ruffs are known as "independents" and are known for their striking, darker breeding plumage and aggressive defense of small mating areas to impress females, who provide all parental care. "Satellites" are smaller and have lighter coloured plumages, and form alliances with independents to co-display to females. Although they cooperate to some extent, each male is still attempting to mate with as many females as possible.

A third morph, "faeders," take an ingenious approach. It forgoes plumage and display behaviour altogether, thereby disguising themselves as females, which lets them sneak unnoticed into mating arenas.

For the satellites and faeders, whose strategies aren't based on aggressive behaviour, too much testosterone is counterproductive. Earlier studies had shown that both types of males have significantly lower testosterone levels in their blood.




The new paper identifies the exact gene that produces the super enzyme controlling testosterone levels throughout the body, except in the testes. Testosterone is still needed there for males to produce competitive sperm.

Lank says ruffs are unique in having three male morphs and showing chromosomal inversions, but the hormonal mechanics apply generally to all vertebrates, including humans.

He says a special form of the steroid hormone gene identified in the paper might one day have therapeutic uses for humans, though more study is required.

"HSD17B2 is three to four times as efficient in converting testosterone in androstenedione," he says. "This raises the possibility of treating people with some hyper-testosterone disorders with this form of enzyme, or a synthetic enzyme designed based on its structure."

The study was led by researchers at Germany's Max Planck Institute for Biological Intelligence, in collaborating with scientists at SFU, FU Berlin, University of Vienna, and Helmholtz Munich.
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