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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.


      
        Ocean floor a 'reservoir' of plastic pollution
        New science has taken a deep dive into plastic waste, providing the first estimate of how much ends up on the sea floor.

      

      
        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        Discovery of how limiting damage from an asthma attack could stop disease
        Scientists have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.

      

      
        'Diverse' agriculture benefits people and the environment at the same time
        A new analysis from 2,655 farms on five continents suggests that moving away from industrial, monoculture farming could benefit both the planet and people.

      

      
        Climate change impacts terrorist activity
        Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.

      

      
        Research shows direct link between state income taxes and migration
        A new study looks at 110 years of income tax history across the U.S. and notes out-migration by wealthy Americans.

      

      
        Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke
        Global life expectancy increased by 6.2 years since 1990, according to a new study. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations.

      

      
        Large language models respond differently based on user's motivation
        A new study reveals how large language models (LLMs) respond to different motivational states. In their evaluation of three LLM-based generative conversational agents (GAs)--ChatGPT, Google Bard, and Llama 2, scientists found that while GAs are able to identify users' motivation states and provide relevant information when individuals have established goals, they are less likely to provide guidance when the users are hesitant or ambivalent about changing their behavior.

      

      
        For mining in arid regions to be responsible, we must change how we think about water
        In an unprecedented study of the South American 'Lithium Triangle,' hydrologists discover that not all water responds the same way to environmental change and human use.

      

      
        New sunflower family tree reveals multiple origins of flower symmetry
        A new sunflower family tree used skimmed genomes to increase the number of species sampled, revealing that flower symmetry evolved multiple times independently, a process called convergent evolution, among the members of this large plant family.

      

      
        Developing a vaccine for the 'zombie drug' xylazine
        Chemical biologists design an early 'proof-of-concept' vaccine that could lead to the first effective treatment of xylazine overdose in people.

      

      
        Talking politics with strangers isn't as awful as you'd expect, research suggests
        Individuals underestimate the social connection they can make with a stranger who disagrees with them on contentious issues, a new research paper suggests.

      

      
        Evolution in action? New study finds possibility of nitrogen-fixing organelles
        A new study finds that UCYN-A, a species of nitrogen-fixing cyanobacteria, may be evolving organelle-like characteristics.

      

      
        Early dinosaurs grew up fast, but they weren't the only ones
        The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a new study.

      

      
        Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later
        The hours you work earlier in life may be associated with worse health years later, according to a new study.

      

      
        Demand for critical minerals puts African Great Apes at risk
        A recent study shows that the threat of mining to the great ape population in Africa has been greatly underestimated.

      

      
        Immunotherapy for Alzheimer's disease shows promise in mouse study
        Scientists have shown that treating mice with an antibody that blocks the interaction between APOE proteins (white) sprinkled within Alzheimer's disease plaques and the LILRB4 receptor on microglia cells (purple) activates them to clean up damaging plaques (blue) in the brain.

      

      
        Researchers discover 'neutronic molecules'
        Researchers have discovered 'neutronic' molecules, in which neutrons can be made to cling to quantum dots, held just by the strong force. The finding may lead to new tools for probing material properties at the quantum level and exploring new kinds of quantum information processing devices.

      

      
        Researchers map how the brain regulates emotions
        A new study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings provide new insights that could help inform therapeutic treatments regarding mental health and drug addiction.

      

      
        'Smart swarms' of tiny robots inspired by natural herd mentality
        Researchers gave nanorobots a trait called adaptive time delay, which allows them to better work together.

      

      
        Giant phage holds promise as treatment for lung infections
        Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.

      

      
        Machine learning enables viability of vertical-axis wind turbines
        Researchers have used a genetic learning algorithm to identify optimal pitch profiles for the blades of vertical-axis wind turbines, which despite their high energy potential, have until now been vulnerable to strong gusts of wind.

      

      
        Plant-based plastic releases nine times less microplastics than conventional plastic
        A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.

      

      
        Drawing inspiration from plants: A metal-air paper battery for wearable devices
        Drawing inspiration from the way plants breathe, a group of researchers has created a paper-based magnesium-air battery that can be used in GPS sensors or pulse oximeter sensors. Taking advantage of paper's recyclability and lightweight nature, the engineered battery holds promise for a more environmentally friendly source of energy.

      

      
        Pressure determines which embryonic cells become 'organizers'
        A collaboration between research groups at the University of California, TU Dresden in Germany and Cedars-Sinai Guerin Children's in Los Angeles has identified a mechanism by which embryonic cells organize themselves to send signals to surrounding cells, telling them where to go and what to do. While these signaling centers have been known to science for a while, how individual cells turn into organizers has been something of a mystery.

      

      
        California leads U.S. emissions of little-known greenhouse gas
        California, a state known for its aggressive greenhouse gas reduction policies, is ironically the nation's greatest emitter of one: sulfuryl fluoride. As much as 17% of global emissions of this gas, a common pesticide for treating termites and other wood-infesting insects, stem from the United States. The majority of those emissions trace back to just a few counties in California, finds a new study.

      

      
        Discovery could end global amphibian pandemic
        A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.

      

      
        Exploring the effect of the presence of familiar people in interpersonal space
        Researchers investigate the influence of social relationships on our bodily responses to the presence of other persons in the interpersonal space.

      

      
        Plastic-free vegan leather that dyes itself grown from bacteria
        Researchers have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.

      

      
        New discovery unravels malaria invasion mechanism
        A recent breakthrough sheds light on how the malaria parasite, Plasmodium falciparum, invades human red blood cells. The study reveals the role of a sugar called sialic acid in this invasion process. The findings have major implications for malaria vaccine and drug development.

      

      
        Testing environmental water to monitor COVID-19 spread in unsheltered encampments
        To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen v...

      

      
        Water-based paints: Less stinky, but some still contain potentially hazardous chemicals
        Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as 'greener' and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to new research, some of these paints do contain compounds that are considered VOCs, along with other chemicals of emerging concern.

      

      
        Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds
        Researchers studied six cities, finding that nighttime gunshots were particularly prevalent in low-income neighborhoods. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them.

      

      
        Groundbreaking research in groundwater's role in ecosystem sustainability
        Until now, groundwater -- a critical water resource around the globe, especially in dry regions -- has been largely unstudied in its importance and role in sustaining ecosystems. New groundbreaking research examines the relationship between groundwater and ecosystems across California.

      

      
        Are universities connected to local sustainability? A new study suggests yes...and no.
        A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.

      

      
        Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine
        New evidence from a spaceborne-monitoring team indicates that the Ukrainian Kakhovka Dam, which collapsed early into the Russian invasion, may have been vulnerable even before the war.

      

      
        Intelligent liquid
        Researchers have developed a programmable meta-fluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid. The first-of-its-kind meta-fluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The meta-fluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers th...

      

      
        Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments
        Scientists have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.

      

      
        A simple way to harvest more 'blue energy' from waves
        As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved 'blue energy' harvesting device. Researchers report that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.

      

      
        New step in tectonic squeeze that turns seafloor into mountains
        Researchers describe zircons from the Andes mountains of Patagonia. Although the zircons formed when tectonic plates were colliding, they have a chemical signature associated with when the plates were moving apart. The researchers think that the unexpected signature could be explained by the mechanics of underlying tectonic plates that hasn't yet been described in other models.

      

      
        First results from BREAD experiment demonstrate a new approach to searching for dark matter
        One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it s no minor thing currently, scientists think it makes up about 85% of all the mass in the universe.

      

      
        Chicks show vision and touch linked at birth
        Study reveals that newly hatched chicks can instantly recognize objects with their vision, even if they've only ever experienced them by touch.

      

      
        Elastocaloric cooling: Refrigerator cools by flexing artificial muscles
        There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods.

      

      
        Last chance to record archaic Greek language 'heading for extinction'
        A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.

      

      
        Sunrise to sunset, new window coating blocks heat -- not view
        Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.

      

      
        Increasing positive affect in adolescence could lead to improved health and well-being in adulthood
        Adolescents with high positive affect may have improved physical and mental health as adults, according to a new study.

      

      
        A new estimate of U.S. soil organic carbon to improve Earth system models
        Emory environmentals scientist combined field-level data with machine-learning techniques to estimate soil organic carbon at the U.S. scale, another step toward providing more accurate baseline data to improve Earth system models for climate change.

      

      
        Scientists' urgent call: End destruction and forge a just, sustainable future
        An international team of scientists published a study emphasizing the urgent need to align political will, economic resources, and societal values to ensure a more sustainable and equitable world. The review summarizes the grave threats facing the planet but rejects a 'doom and gloom' philosophy. They advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants.

      

      
        Even moderate alcohol usage during pregnancy linked to birth abnormalities
        Researchers have found that even low to moderate alcohol use by pregnant patients may contribute to subtle changes in their babies' prenatal development, including lower birth length and a shorter duration of gestation.

      

      
        These plants evolved in Florida millions of years ago: They may be gone in decades
        Scrub mints are among the most endangered plants you've probably never heard of. More than half of the 24 species currently known to exist are considered threatened or endangered at the state or federal level. In a new study, researchers show there are likely more scrub mint species waiting to be scientifically described. And at least one species has been left without federal protection because of a technicality.
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Ocean floor a 'reservoir' of plastic pollution | ScienceDaily
New research from CSIRO, Australia's national science agency, and the University of Toronto in Canada, estimates up to 11 million tonnes of plastic pollution is sitting on the ocean floor.


						
Every minute, a garbage truck's worth of plastic enters the ocean. With plastic use expected to double by 2040, understanding how and where it travels is crucial to protecting marine ecosystems and wildlife.

Dr Denise Hardesty, Senior Research Scientist with CSIRO, said this is the first estimate of how much plastic waste ends up on the ocean floor, where it accumulates before being broken down into smaller pieces and mixed into ocean sediment.

"We know that millions of tonnes of plastic waste enter our oceans every year but what we didn't know is how much of this pollution ends up on our ocean floor," Dr Hardesty said.

"We discovered that the ocean floor has become a resting place, or reservoir, for most plastic pollution, with between 3 to 11 million tonnes of plastic estimated to be sinking to the ocean floor.

"While there has been a previous estimate of microplastics on the seafloor, this research looks at larger items, from nets and cups to plastic bags and everything in between."

Ms Alice Zhu, a PhD Candidate from the University of Toronto who led the study, said the estimate of plastic pollution on the ocean floor could be up to 100 times more than the amount of plastic floating on the ocean's surface based on recent estimates.




"The ocean surface is a temporary resting place of plastic so it is expected that if we can stop plastic entering our oceans, the amount would be reduced," Ms Zhu said.

"However, our research found that plastic will continue to end up in the deep ocean, which becomes a permanent resting place or sink for marine plastic pollution,"

Scientific data was used to build two predictive models to estimate the amount and distribution of plastic on the ocean floor -- one based on data from remote operated vehicles (ROVs) and the other from bottom trawls.

Using ROV data, 3 to 11 million metric tonnes of plastic pollution is estimated to reside on the ocean floor.

The ROV results also reveal that plastic mass clusters around continents -- approximately half (46 per cent) of the predicted plastic mass on the global ocean floor resides above 200 m depth. The ocean depths, from 200 m to as deep as 11,000 m contains the remainder of predicted plastic mass (54 per cent).

Although inland and coastal seas cover much less surface area than oceans (11 per cent vs 56 per cent out of the entire Earth's area), these areas are predicted to hold as much plastic mass as does the rest of the ocean floor.




"These findings help to fill a longstanding knowledge gap on the behaviour of plastic in the marine environment," Ms Zhu said.

"Understanding the driving forces behind the transport and accumulation of plastic in the deep ocean will help to inform source reduction and environmental remediation efforts, thereby reducing the risks that plastic pollution may pose to marine life."

The article, Plastics in the deep sea -- A global estimate of the ocean floor reservoir, was published in Deep Sea Research Part I: Oceanographic Research Papers. 

This research is part of CSIRO's Ending Plastic Waste Mission, which aims to change the way we make, use, recycle and dispose of plastic.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240404190801.htm
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240404190755.htm
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Discovery of how limiting damage from an asthma attack could stop disease | ScienceDaily
Scientists at King's College London have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.


						
Most current asthma treatments stem from the idea that it is an inflammatory disease. Yet, the life-threatening feature of asthma is the attack or the constriction of airways, making breathing difficult. The new study, published today in Science, shows for the first time that many features of an asthma attack -- inflammation, mucus secretion, and damage to the airway barrier that prevents infections -- result from this mechanical constriction in a mouse model.

The findings suggest that blocking a process that normally causes epithelial cell death could prevent the damage, inflammation, and mucus that result from an asthma attack.

Professor Jody Rosenblatt from King's College London said: "Our discovery is the culmination of more than ten years work. As cell biologists who watch processes, we could see that the physical constriction of an asthma attack causes widespread destruction of the airway barrier. Without this barrier, asthma sufferers are far more likely to get long-term inflammation, wound healing, and infections that cause more attacks. By understanding this fundamental mechanism, we are now in a better position to prevent all these events."

In the UK, 5.4 million people have asthma and can suffer from symptoms such as wheezing, coughing, feeling breathlessness and a tight chest. Triggers such as pollen or dust can make asthma symptoms worse and can lead to a life-threatening asthma attack.

Despite the disease commonality, the causes of asthma are still not understood. Current medications treat the consequences of an asthma attack by opening the airways, calming inflammation, and breaking up the sticky mucus which clogs the airway, which help control asthma, but do not prevent it.

The answer to stopping asthma symptoms may lie in cell extrusion, a process the researchers discovered that drives most epithelial cell death. Scientists used mouse lung models and human airway tissue to discover that when the airways contract, known as bronchoconstriction, the epithelial cells that line the airway get squeezed out to later die.




Because bronchoconstriction causes so many cell extrusions, it damages the airway barrier which causes inflammation and excess mucus.

In previous studies, the scientists found that the chemical compound gadolinium can block extrusion. In this study, they found it could work in mice to prevent the excess extrusion that causes damage and inflammation after an asthma attack. The authors note that gadolinium has not been tested in humans and has not been deemed to be safe or efficacious.

Professor Rosenblatt said: "This constriction and destruction of the airways causes the post-attack inflammation and excess mucus secretion that makes it difficult for people with asthma to breathe.

"Current therapies do not prevent this destruction -- an inhaler such as Albuterol opens the airways, which is critical to breathing but, dishearteningly, we found it does not prevent the damage and the symptoms that follow an attack. Fortunately, we found that we can use an inexpensive compound, gadolinium which is frequently used for MRI imaging, to stop the airway damage in mice models as well as the ensuing inflammation and mucus secretion. Preventing this damage could then prevent the build-up of musculature that cause future attacks."

Professor Chris Brightling from the University of Leicester and one of the co-authors of the study said: "In the last decade there has been tremendous progress in therapies for asthma particularly directed towards airway inflammation. However, there remains ongoing symptoms and attacks in many people with asthma. This study identifies a new process known as epithelial extrusion whereby damage to the lining of the airway occurs as a consequence of mechanical constriction and can drive many of the key features of asthma. Better understanding of this process is likely to lead to new therapies for asthma."

Dr Samantha Walker, Director of Research and Innovation at Asthma + Lung UK, said: "Only two per cent of public health funding is allocated to developing new treatments for the 12 million people living with lung conditions in the UK so new research that can help in the treatment or prevention of asthma is good news.




"This research using an experimental mouse model shows that constricting the airways leads to damage to the lung lining and inflammation, like that seen in asthma. It is this constriction and resulting damage that makes it difficult for people with asthma to breathe.

"Current medications for asthma work by treating the inflammation, but this isn't effective for everyone. Treatments aim to prevent future asthma attacks and improve asthma control by taking inhalers every day, but we know that ~31 per cent of people with asthma don't have treatment options that work for them, putting them at risk of potentially life-threatening asthma attacks.

"This discovery opens important new doors to explore possible new treatment options desperately needed for people with asthma rather than focusing solely on inflammation."

The discovery of the mechanics behind cell extrusion could underlie other inflammatory diseases that also feature constriction such as cramping of the gut and inflammatory bowel disease.

The paper is in collaboration with the University of Leicester and funded by Wellcome, Howard Hughes Medical Institute and the American Asthma Foundation.
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'Diverse' agriculture benefits people and the environment at the same time | ScienceDaily
Rotating crops, conserving soil nutrients and deploying other strategies to "diversify" agriculture all at the same time can yield major benefits for the environment and people alike -- including increased crop yields and improved food security for entire communities.


						
That's the take-home message of a landmark new study, including researchers from more than 15 nations and data from 2,655 farms on five continents. The team published its findings April 4 in the journal Science.

"This is evidence that this can actually work -- we can imagine agricultural systems that are more diverse and serve people and nature at the same time," said Zia Mehrabi, a co-author of the new study and assistant professor of environmental studies at the University of Colorado Boulder.

The study comes as farms across much of the world are increasingly growing just one type of crop or raising a single kind of animal -- a transition to "monoculture" agriculture that may bring with it a wide range of risks, including the loss of soil nutrients and spreading pest outbreaks. In the United States, the number of farms in the country in 2022 dwindled to its lowest level since before the start of the Civil War, according to the U.S. Department of Agriculture. Those remaining farms have only gotten bigger and simpler.

The research carries a stark message, said Laura Vang Rasmussen of the University of Copenhagen in Denmark who, along with Ingo Grass of the University of Hohenheim in Germany, served as lead author of the paper.

"Drop monoculture and industrial thinking and diversify the way you farm -- it pays off," Rasmussen said.

A new take on a hot topic

The research takes a new approach to examining a hot topic in many environmental circles: agricultural diversification.




The term captures a wide range of strategies for growing more than just a single crop on a single farm, year after year. In some cases, farmers might rotate between seeding a field with corn one year, then beans the next and okra the year after. In others, they might plant cover crops to keep their soils from washing away in the off season or even encourage healthy populations of earthworms underground.

Previous studies have tended to assess these strategies individually and have delivered mixed results, said Mehrabi, who leads the Better Planet Laboratory.

In the new research, he and his colleagues tried a different approach: They used a combination of participatory methods and statistical tools to dive into data from 24 study systems. Their results captured information on everything from massive strawberry operations in the United States to small maize fields in Malawi and palm orchards in Indonesia. The study emerged from a larger research effort led by Mehrabi and Claire Kremen of the University of British Columbia in Canada.

"It was a massive undertaking," Mehrabi said.

The group discovered that farmers and ranchers can achieve many more benefits if they employ several agricultural solutions in tandem, rather than just one at a time. For Mehrabi, the study reveals a new vision for food around the globe -- one in which farms and pastures work less like factories for churning out calories and more like healthy natural ecosystems.

"If you look at how ecosystems operate, it's not just plants growing alone. It's not just animals or soil," he said. "It's all of these things working together."

Making farms complex again




To explore that idea, the group brought together researchers from around the world to share their experiences working with real farmers.

The researchers discovered that elusive "win-wins" in agriculture may be possible. Take livestock diversification, in which farmers might raise cows or chickens on the same farm as crops. According to the team's analysis, that approach can increase the amount of food that a farm produces, while reducing damage to soil and environmental pollution. But the research also found that the benefits of livestock diversification increase, and the downsides shrink, when farmers pair it with other diversification strategies.

In many cases, Mehrabi said, more diverse farms can deliver extra benefits because they can better weather natural disasters like droughts or heat waves. In other cases, the positives are more subtle. If small-scale farmers grow fruit trees amid their crops, for example, they can eat those bananas or papayas themselves while selling the rest of the harvest.

"The crazy thing is that the positive effect of adding multiple diversification practices is true across wildly different contexts," he said. "It works on industrial farms in the United States and in small-scale maize farms in Malawi."

Erasing barriers to change

He and his colleagues acknowledge that finances can be a barrier to making the switch to diverse agriculture. Farmers might need to purchase one set of machines to harvest corn and a different set to harvest fruit.

But governments already spend huge sums to buffer the agricultural industry. Some nations, for example, subsidize farmers so that they can grow water-intensive crops in areas that don't get a lot of rain. That money might be better spent, Mehrabi said, in helping farmers diversify.

In the end, he hopes that the study will help people realize that a different future for the world's food may be possible:

"Hopefully, this will inspire people to be creative and even push the boundaries of what the human species can achieve."
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Climate change impacts terrorist activity | ScienceDaily
Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.


						
An exploratory study led by extremism expert Dr Jared Dmello, from the University of Adelaide's School of Social Sciences, found some climatological variables affected terrorist activity in India.

"Suitability analyses indicate that all the climatological variables tested -- temperature, precipitation, and elevation -- relate to shifting patterns of terrorist activity," says Dr Dmello.

"Urban centres have increasingly grown in population density, particularly in spaces with favourable climates, and some of the more remote areas once used by extremists have experienced such increasingly dynamic climates that they are no longer fit for human habitation, forcing these groups to migrate elsewhere."

It was not only the intensity of these climatological variables that led to terrorists moving to new locales, this shifting of terrorist activity was also seasonal.

"This research shows that stopping the damaging effects of climate change is not just an environmental issue but one that is directly tied to national security and defence," says Dr Dmello, who was recently announced as the inaugural recipient of the Early Career Award from the Academy of Criminal Justice Sciences' Security and Crime Prevention Section.

"In this study, we focus on attack location, but the data also suggests other forms of extremist behaviour, such as training location, are likely shifting in response to climate change as well."

The study, published in the Journal of Applied Security Research, concentrated on terrorist activity in India between 1998-2017, a period during which there were 9096 terrorist incidents recorded by the Global Terrorism Database.




"Average temperatures in India reached record highs during our 20-year study period," said Dr Dmello.

"This time frame represents a broad enough range to demonstrate climate change, while also availing of the most recent reliable data that covers both the climate change and extremism dimensions for the country."

This new and evolving understanding of how climate change affects patterns of terrorism is important knowledge for governments across the world, including Australia's, to inform national security and defence strategies.

"While terrorism and violent extremism manifests differently in Australia, with far lower levels of attacks than India, radicalisation is still a salient challenge here and one that the Australian Government has established as a national priority," says Dr Dmello.

"To effectively mitigate radicalisation, other critical issues, such as homelessness, food insecurity, water and energy crises, and enhanced social equity, are essential for ensuring a more secure space for us all."

Dr Dmello, who joined the University of Adelaide at the beginning of 2024, also recently co-edited a book examining security in the Arctic from a multi-disciplinary lens and will continue his research into terrorism and extremism in the Australian context.

"Some of my recent projects have been trying to understand how emerging issues impact radicalisation here in Australia in an effort to find ways to partner with government and law enforcement to prevent engagement with extremist ideologies," he says.

"I am also interested in expanding on my research in this area to investigate the role of water and food inequities on radicalisation around the world."
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Research shows direct link between state income taxes and migration | ScienceDaily
After the introduction of the income tax in the United States, there has been a migration of higher income earners toward states with lower or no income tax, a new study reveals.


						
This first-ever systematic analysis of 110 years of state income tax implementation throughout the United States also highlights the consequences of taxpayers fleeing to low or no-tax states. Published in the American Economic Journal: Economic Policy, the study is titled "The Introduction of the Income Tax, Fiscal Capacity, and Migration: Evidence from U.S. States" and was coauthored by Ugo Antonio Troiano, economist and associate professor at the University of California, Riverside. The analysis looks at pre-World War II and post-World War II personal income tax impacts.

The state-level tax policies from 1900 to 2010 examined in the paper reveal that income tax adopting states increased revenue per capita by 12% to 17%, but that increase does not correspond to an increase in total revenues for the government in monetary terms. This is because the introduction of income tax in the post-World War II era led to out-migration by wealthy Americans.

"Personal income tax means a tax upon labor income, first introduced for the purpose of redistribution of wealth," said Troiano, whose expertise includes politics and economics. "The idea was to provide services to poorer parts of the population and reduce inequality between low-income and high-income residents."

According to study results, implementing higher taxes was not well accepted by many wealthy Americans -- their higher income allows them to be more mobile, and therefore able to seek new residency in states with lower personal income tax or no tax.

Historically, mobility in the U.S. has been higher compared to European countries, mainly because people here speak the same language, making it easier to settle in a new city, Troiano said. The analysis also showed that out-migration began to slow down in the 1980s.

Income taxes are important for states because they allow governments to increase revenue per capita, but pre-World War II, these tax policies came with waves of legal court challenges. Pennsylvania, for example, attempted to amend the state constitution eight times. Other states such as Indiana and Washington also tried, but all failed. To date, six states: Texas, Florida, Nevada, Washington State, Wyoming, and South Dakota, have never introduced permanent individual income tax.




California introduced the personal income tax in 1935, it was one of 18 states that implemented the tax between 1930 and 1940.

"In New Mexico, the legislature repealed its first income tax law in 1920. In Iowa, the state assembly passed an income tax bill in 1932 that was subsequently defeated in the state senate. In Colorado, the governor vetoed an income tax bill passed by the legislature in 1935. With the exception of Washington, however, all of these states would eventually introduce an income tax," the authors state in the paper.

Through analyzing U.S. Census datasets, Troiano and his colleagues, Traviss Cassidy, assistant professor of economics at the University of Alabama, and Mark Dincecco, associate professor at the University of Michigan, found that wealthier Americans tended to move out of state when income taxes were too high, but remained when income tax increases were minimal.

Troiano said that when states consider how to reduce income inequality, they should also be mindful of mobility responses.

"Raising taxes too much might backfire, as the state might lose too many relatively wealthy contributors," Troiano said.
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Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke | ScienceDaily
Global life expectancy increased by 6.2 years since 1990 according to a new study published in The Lancet. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations. This is the first study to compare deaths from COVID-19 to deaths from other causes globally.


						
Despite the challenges presented by the COVID-19 pandemic, the researchers found that the super-region of Southeast Asia, East Asia, and Oceania had the largest net gain in life expectancy between 1990 and 2021 (8.3 years), largely due to reductions in mortality from chronic respiratory diseases, stroke, lower respiratory infections, and cancer. The super-region's strong management of the COVID-19 pandemic helped preserve these gains. South Asia had the second-largest net increase in life expectancy among super-regions between 1990 and 2021 (7.8 years), primarily thanks to steep declines in deaths from diarrheal diseases.

"Our study presents a nuanced picture of the world's health," said Dr. Liane Ong, co-first author of the study and a Lead Research Scientist at the Institute for Health Metrics and Evaluation (IHME). "On one hand, we see countries' monumental achievements in preventing deaths from diarrhea and stroke," she said. "At the same time, we see how much the COVID-19 pandemic has set us back."

The study also highlights how COVID-19 radically altered the top five causes of death for the first time in 30 years. COVID-19 displaced a long-dominant killer -- stroke -- to become the second-leading cause of death globally. The research presents updated estimates from the Global Burden of Disease Study (GBD) 2021. The authors found that the super-regions where the COVID-19 pandemic hit hardest were Latin America and the Caribbean and sub-Saharan Africa, which lost the most years of life expectancy due to COVID-19 in 2021. While documenting the enormous loss of life caused by the COVID-19 pandemic, the researchers also pinpointed the reasons behind the improvements in life expectancy in every super-region. Looking across different causes of death, the study reveals sharp drops in deaths from enteric diseases -- a class of diseases that includes diarrhea and typhoid. These improvements increased life expectancy worldwide by 1.1 years between 1990 and 2021. Reductions in deaths from lower respiratory infections added 0.9 years to global life expectancy during this period. Progress in preventing deaths from other causes also drove up life expectancy around the world, including stroke, neonatal disorders, ischemic heart disease, and cancer. For each disease, reductions in deaths were most pronounced between 1990 and 2019.

At the regional level, Eastern sub-Saharan Africa experienced the largest increase in life expectancy, which jumped by 10.7 years between 1990 and 2021. Control of diarrheal diseases was the leading force behind improvements in this region. East Asia had the second-largest gain in life expectancy; the region's success in slashing deaths from chronic obstructive pulmonary disease played a key role.

The GBD 2021 study measures mortality by cause of death and years of life lost at global, regional, national, and subnational levels. The analysis links specific causes of death to changes in life expectancy.

The study illuminates not only the diseases that have driven increases and decreases in life expectancy, but also looks at how patterns of disease have shifted across locations over time, presenting, as the authors write, an "opportunity to deepen our understanding of mortality-reduction strategies...[which] might reveal areas where successful public health interventions have been implemented."

GBD 2021 highlights places that have made huge strides in preventing deaths from major diseases and injuries. It also emphasizes how some of the most burdensome diseases are now concentrated in certain locations, underscoring opportunities for intervention. For example, in 2021, deaths from enteric diseases were largely concentrated in sub-Saharan Africa and South Asia. For another disease, malaria, the researchers found that 90% of deaths occurred in an area inhabited by just 12% of the world's population in a stretch of land ranging from Western sub-Saharan Africa through Central Africa to Mozambique.




"We already know how to save children from dying from enteric infections including diarrheal diseases, and progress in fighting this disease has been tremendous," said Professor Mohsen Naghavi, the study's co-first author and the Director of Subnational Burden of Disease Estimation at IHME. "Now, we need to focus on preventing and treating these diseases, strengthening and expanding immunization programs, and developing brand-new vaccines against E. coli, norovirus, and Shigella," he added.

In addition to providing new insights on COVID-19, the study reveals growing threats from non-communicable diseases, such as diabetes and kidney diseases, which are increasing in every country. The researchers also point to uneven progress against conditions such as ischemic heart disease, stroke, and cancer. High-income countries have driven down deaths from many types of non-communicable diseases, but many low-income countries have not.

"The global community must ensure that the lifesaving tools that have cut deaths from ischemic heart disease, stroke, and other non-communicable diseases in most high-income countries are available to people in all countries, even where resources are limited," said Eve Wool, senior author of the study and a Senior Research Manager at IHME.
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Large language models respond differently based on user's motivation | ScienceDaily

Bak provides the example of an individual with diabetes who is resistant to changing their sedentary lifestyle.

"If they were advised by a doctor that exercising would be necessary to manage their diabetes, it would be important to provide information through GAs that helps them increase an awareness about healthy behaviors, become emotionally engaged with the changes, and realize how their unhealthy habits might affect people around them. This kind of information can help them take the next steps toward making positive changes," said Bak.

Current GAs lack specific information about these processes, which puts the individual at a health disadvantage. Conversely, for individuals who are committed to changing their physical activity levels (e.g., have joined personal fitness training to manage chronic depression), GAs are able to provide relevant information and support.

"This major gap of LLMs in responding to certain states of motivation suggests future directions of LLMs research for health promotion," said Chin.

Bak's research goal is to develop a digital health solution based on using natural language processing and psychological theories to promote preventive health behaviors. She earned her bachelor's degree in sociology from the University of California Los Angeles.

Chin's research aims to translate social and behavioral sciences theories to design technologies and interactive experiences to promote health communication and behavior across the lifespan. She leads the Adaptive Cognition and Interaction Design (ACTION) Lab at the University of Illinois. Chin holds a BS in psychology from National Taiwan University, an MS in human factors, and a PhD in educational psychology with a focus on cognitive science in teaching and learning from the University of Illinois.
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For mining in arid regions to be responsible, we must change how we think about water | ScienceDaily
A research team led by the University of Massachusetts Amherst, in collaboration with the University of Alaska-Anchorage and Columbia University, has conducted the widest-ever hydrological tracer analysis of the Dry Andes region in Chile, Argentina and Bolivia, home to the majority of the world's lithium deposits and other elements, such as copper, critical to the green energy transition away from oil and toward electricity. But the Dry Andes, as well as other hyper-arid regions, is also extremely sensitive to any activity, such a mining, that may disrupt the presence, composition and flow of both surface and subsurface water. Until now, however, there has been no reliable, comprehensive understanding of exactly how the hydrological systems in extremely arid landscapes work, which means that environmental regulators don't have the information they need to best manage the mining industry and the transition to more environmentally sustainable future. The research appears in PLOS Water.


						
"We've been thinking about water all wrong," says Brendan Moran, the paper's lead author and a postdoctoral research associate in geosciences at UMass Amherst. "We typically assume that water is water, and manage all water the same way, but our research shows that there are actually two very distinct pieces of the water budget in the Dry Andes, and they respond very differently to environmental change and human usage."

Water is especially important for lithium, the crucial component of the powerful batteries in such things as electric and hybrid cars and photovoltaic systems. Lithium doesn't like to be in solid form and tends to occur in layers of volcanic ash -- but it reacts quickly with water. When rain or snowmelt moves through the ash layers, lithium leaches into the groundwater, moving downhill until it settles in a flat basin where it remains in solution as a briny mix of water and lithium. Because this brine is very dense, it often settles beneath pockets of fresh surface water, which float on top of the lithium-rich fluid below. These fresh and brackish lagoons and wetlands often become havens for unique and fragile ecosystems and iconic species such as flamingos, and they are also composed of different kinds of water -- so how does one tell types of water apart?

Moran and his co-authors, including David Boutt, professor of geosciences at UMass Amherst, a Lee Ann Munk, professor of geological sciences at the University of Alaska, had previously developed a method to determine how old any given sample of water is and trace its interaction with the landscape by using 3H, or tritium, and the ratio between the oxygen isotope 18O and the hydrogen isotope 2H. Tritium occurs naturally in rainwater and decays at a predictable rate. "This lets us get the relative age of the water," says Moran. "Is it 'old,' as in, did it fall a century or more ago, or is it 'contemporary' water that fell a few weeks-to-years ago?"

The ratio between 18O and 2H additionally allowed the team to trace how much evaporation the water had been subject to. "The 18O/2H ratio is like a specific fingerprint, because different water sources -- streams or lakes -- will have different ratios. This lets us know where the water came from and how long it has been near the surface and out of the ground."

For this new research, Moran and Boutt worked with stakeholders in the Dry Andes to sample nearly every water source in the entire region -- an unprecedented feat, given how inhospitable and sparsely inhabited the Dry Andes are -- and to measure their various isotopes.

Doing so allowed them to discover that old and young waters don't really mix and behave very differently.




"The deep, old groundwater sustains the hydrological system throughout the Dry Andes," says Boutt. "Only 20% -- 40% of the water is contemporary surface water -- but that's the water that is most sensitive to climate change, storm cycles and anthropogenic uses like mining. Scientists used to think that surface water was the most stable water because it was constantly being recharged by runoff, but in extremely arid places, like the Dry Andes, that isn't true. And the problem is, this new understanding of how water works hasn't been incorporated into any management system anywhere."

The implications of this are immediate, and Moran says that among the most important is to protect the various conduits -- streams, rivers, seeps etc. -- by which fresh, young rainwater flows into the lagoons and wetlands that are so environmentally critical. It also means that managers need to develop different methods for managing young and old waters -- there is no one-size-fits-all approach that will work.

Perhaps most importantly, Boutt points out, "What we see in the Dry Andes is representative of hydrology in all extremely arid regions -- including the U.S. West. It's not limited to lithium mining, either."

"Water across the globe's arid regions works the same way," adds Moran, "and so water managers the world over need to be aware of the age and source of their waters and implement the right policies to protect their differing hydrological cycles."
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New sunflower family tree reveals multiple origins of flower symmetry | ScienceDaily
The sunflower family tree revealed that flower symmetry evolved multiple times independently, a process called convergent evolution, among the members of this large plant family, according to a new analysis. The research team, led by a Penn State biologist, resolved more of the finer branches of the family tree, providing insight into how the sunflower family -- which includes asters, daisies and food crops like lettuce and artichoke -- evolved.


						
A paper describing the analysis and findings, which researchers said may help identify useful traits to selectively breed plants with more desirable characteristics, appeared online in the journal Plant Communication.

"Convergent evolution describes the independent evolution of what appears to be the same trait in different species, like wings in birds and bats," said Hong Ma, Huck Chair in Plant Reproductive Development and Evolution, professor of biology in the Eberly College of Science at Penn State and the leader of the research team. "This can make it difficult to determine how closely related two species are by comparing their traits, so having a detailed family tree based on DNA sequence is crucial to understanding how and when these traits evolved."

The sunflower head, for example, is actually a composite composed of multiple much smaller flowers. While the head is generally radially symmetric -- it can be divided into two equal halves in multiple directions like a starfish or a pie -- the individual flowers can have different forms of symmetry. According to the new study, bilateral symmetry -- where there is only one line that divides the flower into two equal halves -- has evolved and been lost multiple times independently in sunflowers over evolutionary history. The researchers found that this convergent evolution is likely related to changes in the number of copies and the expression patterns of the floral regulatory gene, CYC2.

In recent years, many family trees for a group of related species have been built by extensively using transcriptomes, which are the genetic sequences of essentially all of the genes expressed by a species, the researchers explained. Transcriptomes are easier to acquire than high-quality whole-genome sequences for a species but are still difficult and costly to prepare and require fresh plant samples. To increase the number of species available for comparison the team turned to low-coverage genome sequences, which are produced through a process called genome skimming and are relatively inexpensive and easy to prepare, even from dried plant samples.

"To get an accurate whole-genome sequence for a species, each letter of its DNA alphabet must be read -- or covered -- multiple times to minimize errors," Ma said. "For the purposes of building a family tree, we show in this paper that we can get away with lower coverage genome sequences. This allowed us to increase the number of species in our analysis, which, in turn, allowed us to resolve more of the finer branches on the sunflower family tree."

The team used a combination of publicly available and newly generated transcriptomes, along with a large number of newly obtained skimmed genomes, for a total of 706 species with representatives from 16 subfamilies, 41 tribes and 144 subtribe-level groups in the sunflower family. The subfamilies are major subdivisions of the family, while the tribes and subtribe can contain one or more of genera, which is the classification level just above the species.




"Previous versions of the sunflower family tree had established the relationships among most of the subfamilies and many tribes, which are equivalent to the main branches of a tree," Ma said. "With our increased sample size, we were able to resolve more of the smaller branches and twigs at the subtribe and genus level. This higher-resolution tree allowed us to reconstruct where and when traits like flower symmetry evolved, demonstrating that bilateral symmetry must have evolved many times independently."

The team also studied the molecular evolution of genes involved in flower development among sunflowers. They found that one of these genes, CYC2, which is found in multiple copies in the genomes of each species, was activated in species with bilaterally symmetric flowers, suggesting that it might be part of the molecular basis for the convergent evolution of this trait. To further test this, the team performed experiments to quantify CYC2 gene expression in the flowers of species with different types of symmetry.

"Our analysis showed a clear relationship between CYC2 expression and flower symmetry, suggesting that changes in how these genes are used in various sunflower species is likely involved in the convergent evolution observed in the family," Ma said. "The sunflower family is one of the two largest families of flowering plants containing over 28,000 species, including many economically important agricultural and horticultural species. Understanding how these species are related to one another allows us to determine how and when their traits evolved. This knowledge could also be used to identify useful traits that could be bred into domesticated species from closely related wild ones."

In addition to Ma, the research team includes Guojin Zhang at Penn State; Junbo Yang, Jie Cai, Zhi-Rong Zhang and Lian-Ming Gao at the Kunming Institute of Botany in Kunming, China; Caifei Zhang at the Wuhan Botanical Garden and Sino-Africa Joint Research Centre in Wuhan, China; Bohan Jiao and Tiangang Gao at the State Key Laboratory of Plant Diversity and Specialty Crops in Beijing, China; and Jose L. Panero at the University of Texas, Austin.

Funding from the Eberly College of Science and the Huck Institutes of the Life Sciences at Penn State, the Strategic Priority Research Program of the Chinese Academy of Sciences, the Large-scale Scientific Facilities of the Chinese Academy of Sciences, and the National Natural Science Foundation of China supported this research.
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Developing a vaccine for the 'zombie drug' xylazine | ScienceDaily
Xylazine is an FDA-approved sedative and pain reliever for use in animals, but it has severe adverse effects when used in humans. It is now illicitly being added to opioids, like fentanyl and heroin, as well as cocaine -- leading to a sharp rise in overdose deaths.


						
Now, Scripps Research chemical biologists have developed a vaccine to block the effects of xylazine's toxicity. The vaccine works by training the immune system to attack the drug, which is described in a new paper published in Chemical Communications on April 1, 2024.

"We demonstrated that a vaccine can reverse the symptoms of a xylazine overdose in rodents," says study senior author Kim D. Janda, PhD, the Ely R. Callaway, Jr. Professor of Chemistry at Scripps Research. "There is currently no remedy for xylazine poisoning other than supportive care, thus, we believe our research efforts and the data we have provided will pave the way for an effective treatment in humans."

The rapid increase in lethal drug overdoses attributed to xylazine combined with fentanyl prompted the White House Office of National Drug Control Policy to declare this combination an emerging threat to the United States. Xylazine intoxication presents similarly to opioid overdose, causing respiratory and central nervous system depression, and it can heighten the effects of opioids. However, naloxone -- typically administered to reverse the effects of opioids -- does not tackle the impact of xylazine, highlighting the need for effective measures to treat acute toxicity caused by xylazine.

Researchers suspect xylazine works by reducing blood flow to the brain, among other areas of the body. The drug also causes non-healing skin lesions and wounds, often located on the forearms and lower legs, that can require amputation in some cases -- giving it the nickname "zombie drug."

Although no treatment currently exists, targeted vaccines may offer a solution. Vaccines nudge the immune system to create antibodies to fend off invaders. Antibodies can target viruses, bacteria and toxins. However, sometimes molecules are too small to initiate an immune response, as is the case with xylazine. So, to circumvent this problem, the researchers created a vaccine using a design principle that Janda pioneered, which relies on pairing the drug molecule (called a hapten) with a larger carrier molecule (a protein) and an adjuvant.

In this study, the scientists combined a xylazine hapten with multiple different protein types, to see which combination would create a robust immune response against xylazine. The team tested three vaccine formulations (termed TT, KLH and CRM197, based on the protein involved) to see which vaccine cocktail could help rodents after being challenged with xylazine. One of the three vaccines (TT) significantly increased movement in mice given xylazine after 10 minutes, while two of the three vaccines (TT and KLH) led to an improvement in breathing.




The scientists also examined how these vaccines would limit xylazine blood brain barrier, (BBB) permeation, a filtering mechanism that scrutinizes drug penetration. When xylazine was injected, it immediately crossed into the brain to bind with receptors. Antibodies typically cannot navigate the BBB; however, two of the three vaccines (TT and KLH) showed a strong ability to stop xylazine from reaching its receptors in the brain, limiting its detrimental effects.

A provisional patent has been filed on the research. In the future, his team will build off this work to create a bifunctional antibody that will reverse both fentanyl and xylazine's toxicity simultaneously, something that naloxone cannot do.

"A monoclonal antibody treatment could be given in tandem with the vaccine to provide both immediate and long-term protection from both opioid substance use disorders as well as opioid-xylazine overdoses," says Janda. "This strategy could make a significant impact on the opioid epidemic."

"Evaluation of a Hapten Conjugate Vaccine Against the 'Zombie Drug' Xylazine" was co-authored by Mingliang Lin, Lisa M. Eubanks, Bin Zhou, and Kim D. Janda, all of Scripps Research. 

Funding for the study was provided by the Shadek family and Pearson Foundation. 
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Talking politics with strangers isn't as awful as you'd expect, research suggests | ScienceDaily
Many of us avoid discussing politics with someone who holds an opposing viewpoint, assuming the exchange will turn nasty or awkward. But having those conversations is far more gratifying than we expect, a new research paper suggests.


						
Across a series of experiments involving hundreds of U.S. adults, a team of scientists found that individuals underestimate the social connection they can make with a stranger who disagrees with them. The findings are published in Psychological Science, a journal of the Association for Psychological Science.

These low expectations may help to explain why people think those on the opposite side of the political spectrum have more extreme views than they actually do, behavioral scientists Kristina A. Wald (University of Pennsylvania), Michael Kardas (Oklahoma State University), and Nicholas Epley (University of Chicago) wrote in an article about their research.

"Mistakenly fearing a negative interaction may create misplaced partisan divides," they wrote, "not only keeping people from connecting with each other but also keeping people from learning about each other and from each other."

The experimenters found evidence, through experiments conducted online and in person, that people prefer to avoid hot-button issues, especially with people who disagree with them. People also tend to advise their friends and relatives to avoid such conversations.

But Wald, Kardas, and Epley believed people would find discussing their political differences to be a more positive experience than expected, at least partly because people fail to appreciate the extent to which conversations are informative and draw people closer together.

To test their theory, they asked nearly 200 participants in one experiment for their opinions on divisive political and religious topics, such as abortion and climate change. The researchers then divided the participants into pairs and assigned them to discuss one of these topics. Some participants were told in advance whether their partners agreed with them or not, but others entered the discussions unaware of their partners' views.




All the participants reported how positively or negatively they expected the conversation to be, then engaged in the discussion while being video recorded. Afterward, the participants rated their sentiments about the dialogue. Research assistants also viewed the videos of the conversations and evaluated them across several dimensions.

As predicted, the participants underestimated how positive their conversation experience would be, but this tendency was largest when they disagreed with their partner. Participants in this disagreement condition also underestimated the similarities in their opinions. Coders who watched the videos of these conversations confirmed that participants tended to stay on topic, and that the conversations were consistently positive whether the participants agreed or disagreed.

In another experiment, the researchers tested their hypothesis that people underestimate how the process of conversation itself -- actual back-and-forth dialogue -- connects people. To do so, they randomly assigned participants to discuss a divisive topic they agreed or disagreed on, but they also randomly assigned participants to either have a conversation about the topic in a dialogue format or to simply learn of their partners' beliefs on the topic in a monologue format. In the monologue format, each person separately recorded themselves talking about their opinion and then watched the other person's recording.

Overall, the participants underestimated how positive their interactions would be, especially when they disagreed with their partner, the researchers noted. But this tendency was especially strong when people actually had a conversation with their partner rather than simply learning of their beliefs in a monologue. The social forces in conversation that draw people together through back-and-forth dialogue are not only powerful, but they appear to be even more powerful than people expect.

The researchers cautioned that their experiments involved participants talking with strangers; the experiments did not reveal how disagreements unfold among family and friends. Still, they said their findings illustrate the benefits of talking and listening to others rather than typing and broadcasting in debates on social media.

Our reluctance to discuss our differences denies us some positive social interactions, the authors concluded.

"Misunderstanding the outcomes of a conversation," they wrote, "could lead people to avoid discussing disagreements more often, creating a misplaced barrier to learning, social connection, free inquiry, and free expression."
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Evolution in action? New study finds possibility of nitrogen-fixing organelles | ScienceDaily

While there are bacteria that are able to reduce dinitrogen to ammonium, researchers at the University of Rhode Island, Institut de Ciencies del Mar in Barcelona, University of California at Santa Cruz and the Massachusetts Institute of Technology have discovered nitrogen-fixing symbiotic organisms exhibiting behaviors similar to organelles. In fact, researchers posit these symbiotic organisms -- UCYN-A, a species of cyanobacteria -- may be evolving organelle-like characteristics. Their study was recently published in the journal Cell.

UCYN-A live in a symbiotic relationship with a closely related group of marine algae, B. bigelowii, in areas of the open ocean that are often low in nutrients. Most nitrogen-fixing bacteria have mechanisms to regulate dinitrogen use when fixed sources of nitrogen are available, alleviating the high energetic cost of this process. However, UCYN-A have lost the genes allowing this and are able to fix nitrogen gas into ammonium even in nutrient-rich environments. The host, in-turn, provides it with carbon fixed photosynthetically by its chloroplasts.

The study details how researchers found a size relationship between UCYN-A and their symbiotic partner cells -- consistent with the size relationships between other organelles and their hosts. As organelles get larger, so do their host cells - eventually dividing and replicating. Mathematical modeling revealed the metabolic trade-offs which regulate the relative cell size through nutrient acquisition and exchange.

"It requires lots of energy as well as electrons to fix nitrogen gas, to make it into something useful," said Keisuke Inomura, assistant professor of oceanography at URI's Graduate School of Oceanography and one of the study's lead authors. "If UCYN-A are moving along the evolutionary path toward developing into nitrogen-fixing organelles and we find cells aside from B. bigelowii also have such organelles, or are evolving similarly, it could be a game-changer."

While organelles such as mitochondria and chloroplasts are much further along on the evolutionary spectrum, researchers contend that what they are seeing may be a snapshot of the evolutionary process of bacterial-derived organelles that are nitrogen-fixing.

"Our study focuses on a much more recent symbiotic relationship that emerged about 100 million years ago, allowing us to explore the evolution of organelle formation in its early stages," explained Francisco Cornejo, co-lead author and postdoc researcher in the department of marine biology and oceanography at the Institut de Ciencies del Mar.

Researchers note, however, that more study is needed to demonstrate whether this is the case.

"The surprisingly tight size relationship between UCYN-A and its host can be explained by the resource economy of the partners. It suggests that UCYN-A may be on the path to becoming an organelle: whether it may already be so is the subject of ongoing research," said Michael J. Follows, professor of earth, atmospheric and planetary sciences at MIT and a member of the research team.
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Early dinosaurs grew up fast, but they weren't the only ones | ScienceDaily
The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Kristina Curry Rogers of Macalester College, Minnesota and colleagues.


						
Dinosaurs grew up fast, a feature that likely set them apart from many other animals in their Mesozoic (252 to 66 million years ago) ecosystems. Some researchers have proposed that these elevated growth rates were key to the global success of dinosaurs, but little is known about the growth strategies of the earliest dinosaurs. In this study, Rogers and colleagues performed histological analysis, examining patterns of bone tissue growth in the fossilized leg bones of an array of animals in one of the earliest known Mesozoic ecosystems.

The studied fossils come from the Ischigualasto Formation of Argentina and date between 231-229 million years old. Sampled fossils include several of the earliest known dinosaurs as well as several non-dinosaur reptiles and one early relative of mammals.

The analysis found that most of the examined species had elevated growth rates, more similar to some modern-day mammals and birds than to living reptiles. The early dinosaurs all exhibited particularly fast growth, but they weren't alone in this, as similar growth rates were seen in several of the non-dinosaur reptiles as well.

These results show that the earliest dinosaurs were already fast growers, supporting the idea that this feature was important to their later success. But apparently dinosaurs were only one of multiple lineages evolving with elevated growth rates during the Triassic (252-201 million years ago), suggesting that this feature is only part of the story of dinosaurs' eventual global prosperity. The authors note that future studies could expand on these preliminary results by sampling a wider variety of ancient animals from additional early Mesozoic fossil sites.

The authors add: "Our sample comes from a time in which dinosaurs were the new kids on the block, restricted to relatively small, basic body plans, and evolving within a world rich with a diverse array of more specialized, non-dinosaur reptiles. We tackled the question of how all of these animals grew, and found that the earliest dinosaurs grew quickly, and that these rapid growth rates probably played a significant role in dinosaurs' subsequent ascent within Mesozoic ecosystems; but dinosaurs weren't unique -- many of their non-dino sidekicks shared rapid growth 230 million years ago."
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Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later | ScienceDaily
The hours you work earlier in life may be associated with worse health years later, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Wen-Jui Han from New York University.


						
Studies have consistently shown that nonstandard work schedules -- working outside the traditional nine-to-five workday -- can negatively impact physical and mental health as well as social and family life. The current study uses a life-course approach to provide a longer-term perspective on how work schedule patterns throughout a person's working life impact their health in middle age.

Han used data from The National Longitudinal Survey of Youth-1979 (NLSY79), which includes data on more than 7,000 people in the US over 30 years, to see whether employment patterns in younger adulthood were associated with sleep, physical health, and mental health at age 50.

Han found that around a quarter of participants (26%) worked stable standard hours, with a further third (35%) working mostly standard hours. 17 percent initially worked standard hours in their 20s, later transitioning into volatile working patterns -- a combination of evening, night, and variable hours. 12 percent initially worked standard hours and then switched to variable hours. A final ten percent were mostly not working over this period.

Compared to individuals who mostly worked during traditional daytime hours throughout their working career, those whose careers featured more volatile work schedules slept less, had lower sleep quality, and were more likely to report depressive symptoms at age 50. The most striking results were seen in those who had stable work hours in their 20s and then transitioned to more volatile work hours in their 30s. This effect size was significant and similar to that of being educated only to below high school level.

Han also found racial and gender-related trends. For example, Black Americans were more likely to have volatile work schedules associated with poorer health, highlighting how some groups may disproportionately shoulder the adverse consequences of such employment patterns.

Han suggests that volatile work schedules are associated with poor sleep, physical fatigue, and emotional exhaustion, which may make us vulnerable to an unhealthy life. The study also suggests that positive and negative impacts of work schedules on health can accumulate over one's lifetime while highlighting how employment patterns can contribute to health inequities.

Han adds: "Work that is supposed to bring resources to help us sustain a decent life has now become a vulnerability to a healthy life due to the increasing precarity in our work arrangements in this increasingly unequal society. People with vulnerable social positions (e.g., females, Blacks, low-education) disproportionately shoulder these health consequences."
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Demand for critical minerals puts African Great Apes at risk | ScienceDaily
A recent study led by researchers from the German Centre for Integrative Biodiversity Research (iDiv), the Martin Luther University Halle-Wittenberg (MLU) and the non-profit conservation organization Re:wild shows that the threat of mining to the great ape population in Africa has been greatly underestimated. Their results have been published in Science Advances.


						
The rising demand for critical minerals, such as copper, lithium, nickel, cobalt, and other rare earth elements required for the large-scale transition to cleaner energy is causing a surge of mining in Africa, where a large share of those mineral resources is still unexploited. This is driving deforestation of tropical rainforests, which are home to many species, including humans' closest living relatives, the great apes. The study estimates that the threat of mining to great apes in Africa has been greatly underestimated and that more than one-third of the entire population -- nearly 180,000 gorillas, bonobos and chimpanzees -- are at risk. The researchers also highlight that because mining companies are not required to make biodiversity data publicly available, the true impact of mining on biodiversity and great apes, in particular, may be even higher.

In their study, the team used data on operational and preoperational mining sites in 17 African nations and defined 10 km buffer zones to account for direct impacts, such as habitat destruction and light and noise pollution. They also defined 50 km buffer zones for indirect impacts linked to increased human activity near mining sites: New roads and infrastructure are built to access these once-remote areas, and many people migrate to these areas looking for employment. This in turn, increases pressures on great apes and their habitat through increased hunting, habitat loss, and higher risk of disease transmission. By integrating data on the density distribution of great apes, the researchers investigated how many African apes could potentially be negatively impacted by mining and mapped areas where frequent mining and high ape densities overlapped.

Great apes in West Africa are most severely affected

In the West African countries of Liberia, Sierra Leone, Mali, and Guinea, overlaps of high ape density and mining areas -- including the 10 km and 50 km buffer zones -- were the largest. The most significant overlap of mining and chimpanzee density -- both in terms of proportion of population and overall numbers -- was found in Guinea. Here, more than 23,000 chimpanzees, or up to 83% of Guinea's ape population, could be directly or indirectly impacted by mining activities. In general, the most sensitive areas -- those with relatively high ape and mining densities -- are not protected.

"Currently, studies on other species suggest that mining harms apes through pollution, habitat loss, increased hunting pressure, and disease, but this is an incomplete picture," says first author Dr Jessica Junker, researcher at Re:wild and former postdoctoral researcher at iDiv and MLU. "The lack of data sharing by mining projects hampers our scientific understanding of its true impact on great apes and their habitat."

The researchers also explored how mining areas intersect with what is considered 'Critical Habitat' -- regions crucial for their unique biodiversity, unrelated to apes. They found a noteworthy 20% overlap between the two. Critical Habitat designation entails strict environmental regulations, especially for mining projects seeking funding from entities like the International Finance Corporation (IFC) -- a branch of the World Bank which lends funds to the private sector -- or other lenders adhering to similar standards, and aiming to operate within these zones. Previous efforts to map 'Critical Habitat' in Africa have overlooked significant portions of ape habitats that would qualify under international benchmarks such as the IFC Performance Standard 6. "Companies operating in these areas should have adequate mitigation and compensation schemes in place to minimize their impact, which seems unlikely, given that most companies lack robust species baseline data that are required to inform these actions," says Dr Tenekwetche Sop, manager of the IUCN SSC A.P.E.S. Database at the Senckenberg Museum of Natural History, a repository of all great ape population data. "Encouraging these companies to share their invaluable ape survey data with our database serves as a pivotal step towards transparency in their operations. Only through such collaborative efforts can we comprehensively gauge the true extent of mining activities' effects on great apes and their habitats."

Short-term offset plans fail to compensate for the long-term impacts of mining




Even though the indirect and long-term impacts of mining are difficult to quantify, they often extend well beyond the boundaries of the actual mining project. Currently, these risks are rarely considered and mitigated by mining companies. Compensation or offset is then based on an approximation of impacts, which the researchers suggest is often inaccurate, and underestimated. Furthermore, current offset schemes are developed to last as long as mining projects are active (usually c.20 years), whereas most mining impacts on great apes are permanent.

"Mining companies need to focus on avoiding their impacts on great apes as much as possible and use offsetting as a last resort as there is currently no example of a great ape offset that has been successful," explains Dr Genevieve Campbell, lead of the IUCN SSC PSG SGA/SSA ARRC Task Force and senior researcher at Re:wild. ''Avoidance needs to take place already during the exploration phase, but unfortunately, this phase is poorly regulated and 'baseline data' are collected by companies after many years of exploration and habitat destruction have taken place. These data then do not accurately reflect the original state of the great ape populations in the area before mining impacts.''

"A shift away from fossil fuels is good for the climate but must be done in a way that does not jeopardize biodiversity. In its current iteration it may even be going against the very environmental goals we're aiming for," says Jessica Junker. "Companies, lenders and nations need to recognize that it may sometimes be of greater value to leave some regions untouched to mitigate climate change and help prevent future epidemics."
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Immunotherapy for Alzheimer's disease shows promise in mouse study | ScienceDaily
Alzheimer's disease starts with a sticky protein called amyloid beta that builds up into plaques in the brain, setting off a chain of events that results in brain atrophy and cognitive decline. The new generation of Alzheimer's drugs -- the first proven to change the course of the disease -- work by tagging amyloid for clearance by the brain's immune cells.


						
Now, researchers at Washington University School of Medicine in St. Louis have found a different and promising way to remove the noxious plaques: by directly mobilizing immune cells to consume them.

In a study published April 3 in Science Translational Medicine, the researchers showed that activating immune cells called microglia with an antibody reduces amyloid plaques in the brain and mitigates behavioral abnormalities in mice with Alzheimer's-like disease.

The approach could have implications beyond Alzheimer's. Toxic clumps of brain proteins are features of many neurodegenerative conditions, including Parkinson's disease, amyotrophic lateral sclerosis (ALS) and Huntington's disease. Encouraged by the study results, researchers are exploring other potential immunotherapies -- drugs that harness the immune system -- to remove junk proteins from the brain that are believed to advance other diseases.

"By activating microglia generally, our antibody can remove amyloid beta plaques in mice, and it could potentially clear other damaging proteins in other neurodegenerative diseases, including Parkinson's disease," explained the study's senior author, Marco Colonna, MD, the Robert Rock Belliveau, MD, Professor of Pathology.

Microglia surround plaques to create a barrier that controls the damaging protein's spread. They also can engulf and destroy the plaque proteins, but in Alzheimer's disease they usually do not. The source of their passivity could result from a protein called APOE that is a component of amyloid plaques. The APOE proteins in the plaque bind to a receptor -- LILRB4 -- on the microglia surrounding the plaques, inactivating them, Yun Chen, co-first author on the study, explained.

For reasons that are still unknown, the researchers found that, in mice and people with Alzheimer's disease, microglia that surround plaques produce and position LILRB4 on their cell surface, which inhibits their ability to control damaging plaque formation upon binding to APOE. The other co-first author Jinchao Hou, PhD, now a faculty member at Children's Hospital of Zhejiang University School of Medicine in Zhejiang Province, China, treated mice that had amyloid beta plaques in the brain with a homemade antibody that blocked APOE from binding to LILRB4. After working with Yongjian Liu, PhD, a professor of radiology in Washington University's Mallinckrodt Institute of Radiology, to confirm that the antibody reached the brain, the researchers found that activated microglia were able to engulf and clear the amyloid beta plaques.




Clearing the amyloid beta plaques in mice also alleviates risk-taking behavior. Individuals with AD may lack memory of past experiences to inform their decisions. They may engage in risky behavior, making them vulnerable to becoming victims of fraud or financial abuse. Treating mice with an antibody to clear the plaques showed promise in altering the behavior.

After amyloid beta plaques form in the brain, another brain protein -- tau -- becomes tangled inside neurons. In this second stage of the disease, neurons die and cognitive symptoms arise. High levels of LILRB4 and APOE have been observed in AD patients in this later stage, Chen explained. It is possible that blocking the proteins from interacting and activating microglia could alter later stages of the disease. In future studies, the researchers will test the antibody in mice with tau tangles.

Drugs that target amyloid plaques directly can cause a potentially serious side effect. In Alzheimer's patients, amyloid proteins build up on the walls of the arteries in the brain as well as other parts of brain tissue. Removing plaques from brain blood vessels can induce swelling and bleeding, a side effect known as ARIA. This side effect is seen in some patients receiving lecanemab, a drug approved by the Food and Drug Administration to treat Alzheimer's. The mice used in this study lacked amyloid plaques on blood vessels, so the researchers could not evaluate what happens when blood vessel plaques are removed.

They are working with a different mouse model -- one that does have plaques on brain arteries -- to understand if this new approach also carries a risk of ARIA.

"Lecanemab, as the first therapeutic antibody that has been able to modify the course of the disease, confirmed the importance of amyloid beta protein in Alzheimer's disease progression," said author David Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor of Neurology. "And it opened new opportunities for developing other immunotherapies that use different methods of removing damaging proteins from the brain."

Senior medical sciences writer Tamara Schneider contributed to this story.
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Researchers discover 'neutronic molecules' | ScienceDaily
Neutrons are subatomic particles that have no electric charge, unlike protons and electrons. That means that while the electromagnetic force is responsible for most of the interactions between radiation and materials, neutrons are essentially immune to that force.


						
Instead, neutrons are held together inside an atom's nucleus solely by something called the strong force, one of the four fundamental forces of nature. As its name implies, the force is indeed very strong, but only at very close range -- it drops off so rapidly as to be negligible beyond 1/10,000 the size of an atom. But now, researchers at MIT have found that neutrons can actually be made to cling to particles called quantum dots, which are made up of tens of thousands of atomic nuclei, held there just by the strong force.

The new finding may lead to useful new tools for probing the basic properties of materials at the quantum level, including those arising from the strong force, as well as exploring new kinds of quantum information processing devices. The work is reported this week in the journal ACS Nano, in a paper by MIT graduate students Hao Tang and Guoqing Wang and MIT professors Ju Li and Paola Cappellaro of the Department of Nuclear Science and Engineering.

Neutrons are widely used to probe material properties using a method called neutron scattering, in which a beam of neutrons is focused on a sample, and the neutrons that bounce off the material's atoms can be detected to reveal the material's internal structure and dynamics.

But until this new work, nobody thought that these neutrons might actually stick to the materials they were probing. "The fact that [the neutrons] can be trapped by the materials, nobody seems to know about that," says Li, who is also a professor of materials science and engineering. "We were surprised that this exists, and that nobody had talked about it before, among the experts we had checked with," he says.

The reason this new finding is so surprising, Li explains, is because neutrons don't interact with electromagnetic forces. Of the four fundamental forces, gravity and the weak force "are generally not important for materials," he says. "Pretty much everything is electromagnetic interaction, but in this case, since the neutron doesn't have a charge, the interaction here is through the strong interaction, and we know that is very short-range. It is effective at a range of 10 to the minus 15 power," or one quadrillionth, of a meter.

"It's very small, but it's very intense," he says of this force that holds the nuclei of atoms together. "But what's interesting is we've got these many thousands of nuclei in this neutronic quantum dot, and that's able to stabilize these bound states, which have much more diffuse wavefunctions at tens of nanometers [billionths of a meter]. These neutronic bound states in a quantum dot are actually quite akin to Thomson's plum pudding model of an atom, after his discovery of the electron."

It was so unexpected, Li calls it "a pretty crazy solution to a quantum mechanical problem." The team calls the newly discovered state an artificial "neutronic molecule."




These neutronic molecules are made from quantum dots, which are tiny crystalline particles, collections of atoms so small that their properties are governed more by the exact size and shape of the particles than by their composition. The discovery and controlled production of quantum dots were the subject of the 2023 Nobel Prize in Chemistry, awarded to MIT Professor Moungi Bawendi and two others.

"In conventional quantum dots, an electron is trapped by the electromagnetic potential created by a macroscopic number of atoms, thus its wavefunction extends to about 10 nanometers, much larger than a typical atomic radius," says Cappellaro. "Similarly, in these nucleonic quantum dots, a single neutron can be trapped by a nanocrystal, with a size well beyond the range of the nuclear force, and display similar quantized energies." While these energy jumps give quantum dots their colors, the neutronic quantum dots could be used for storing quantum information.

This work is based on theoretical calculations and computational simulations. "We did it analytically in two different ways, and eventually also verified it numerically," Li says. Although the effect had never been described before, he says, in principle there's no reason it couldn't have been found much sooner: "Conceptually, people should have already thought about it," he says, but as far as the team has been able to determine, nobody did.

Part of the difficulty in doing the computations is the very different scales involved: The binding energy of a neutron to the quantum dots they were attaching to is about one-trillionth that of previously known conditions where the neutron is bound to a small group of nuclei. For this work, the team used an analytical tool called Green's function to demonstrate that the strong force was sufficient to capture neutrons with a quantum dot with a minimum radius of 13 nanometers.

Then, the researchers did detailed simulations of specific cases, such as the use of a lithium hydride nanocrystal, a material being studied as a possible storage medium for hydrogen. They showed that the binding energy of the neutrons to the nanocrystal is dependent on the exact dimensions and shape of the crystal, as well as the nuclear spin polarizations of the nuclei compared to that of the neutron. They also calculated similar effects for thin films and wires of the material as opposed to particles.

But Li says that actually creating such neutronic molecules in the lab, which among other things requires specialized equipment to maintain temperatures in the range of a few thousandths of a Kelvin above absolute zero, is something that other researchers with the appropriate expertise will have to undertake.




Li notes that "artificial atoms" made up of assemblages of atoms that share properties and can behave in many ways like a single atom have been used to probe many properties of real atoms. Similarly, he says, these artificial molecules provide "an interesting model system" that might be used to study "interesting quantum mechanical problems that one can think about," such as whether these neutronic molecules will have a shell structure that mimics the electron shell structure of atoms.

"One possible application," he says, "is maybe we can precisely control the neutron state. By changing the way the quantum dot oscillates, maybe we can shoot the neutron off in a particular direction." Neutrons are powerful tools for such things as triggering both fission and fusion reactions, but so far it has been difficult to control individual neutrons. These new bound states could provide much greater degrees of control over individual neutrons, which could play a role in the development of new quantum information systems, he says.

"One idea is to use it to manipulate the neutron, and then the neutron will be able to affect other nuclear spins," Li says. In that sense, he says, the neutronic molecule could serve as a mediator between the nuclear spins of separate nuclei -- and this nuclear spin is a property that is already being used as a basic storage unit, or qubit, in developing quantum computer systems.

"The nuclear spin is like a stationary qubit, and the neutron is like a flying qubit," he says. "That's one potential application." He adds that this is "quite different from electromagnetics-based quantum information processing, which is so far the dominant paradigm. So, regardless of whether it's superconducting qubits or it's trapped ions or nitrogen vacancy centers, most of these are based on electromagnetic interactions." In this new system, instead, "we have neutrons and nuclear spin. We're just starting to explore what we can do with it now."

Another possible application, he says, is for a kind of imaging, using neutral activation analysis. "Neutron imaging complements X-ray imaging because neutrons are much more strongly interacting with light elements," Li says. It can also be used for materials analysis, which can provide information not only about elemental composition but even about the different isotopes of those elements. "A lot of the chemical imaging and spectroscopy doesn't tell us about the isotopes," whereas the neutron-based method could do so, he says.

The research was supported by the U.S. Office of Naval Research.
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Researchers map how the brain regulates emotions | ScienceDaily
Ever want to scream during a particularly bad day, but then manage not to? Thank the human brain and how it regulates emotions, which can be critical for navigating everyday life. As we perceive events unfolding around us, the ability to be flexible and reframe a situation impacts not only how we feel, but also our behavior and decision-making.


						
In fact, some of the problems associated with mental health relate to individuals' inability to be flexible, such as when persistent negative thoughts make it hard to perceive a situation differently.

To help address such issues, a new Dartmouth-led study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings are published in Nature Neuroscience.

"As a former biomedical engineer, it was exciting to identify some brain regions that are purely unique to regulating emotions," says lead author Ke Bo, a postdoctoral researcher in the Cognitive and Affective Neuroscience Lab (CANlab) at Dartmouth. "Our results provide new insight into how emotion regulation works by identifying targets which could have clinical applications."

For example, the systems the researchers identified could be good targets for brain stimulation to enhance the regulation of emotion.

Using computational methods, the researchers examined two independent datasets of fMRI studies obtained earlier by co-author Peter Gianaros at the University of Pittsburgh. Participants' brain activity was recorded in an fMRI scanner as they viewed images that were likely to draw a negative reaction such as a bloody scene or scary- looking animals.

The participants were then asked to recontextualize the stimulus by generating new kinds of thoughts about an image to make it less aversive, before a neutral image was presented followed by another dislikable image.




By examining the neural activity, researchers could identify the brain areas that are more active when emotions are regulated versus when emotions are generated.

The new study reveals that emotion regulation, also known in neuroscience as "reappraisal," involves particular areas of the anterior prefrontal cortex and other higher-level cortical hierarchies whose role in emotion regulation had not previously been isolated with this level of precision. These regions are involved in other high-level cognitive functions and are important for abstract thought and long-term representations of the future.

The more people are able to activate these emotion regulation-selective brain regions, the more resilient they are to experiencing something negative without letting it affect them personally. These findings build on other research linking these areas to better mental health and the ability to resist temptations and avoid drug addiction.

The results also demonstrated that the amygdala, which is known as the threat-related brain region responsible for negative emotion and has long been considered an ancient subcortical threat center, responds to aversive experiences the same way, whether people are using their thoughts to self-regulate down-regulate negative emotion or not. "It's really the cortex that is responsible for generating people's emotional responses, by changing the way we see and attach meaning to events in our environments," says Bo.

The researchers were also interested in identifying the neurochemicals that interact with emotion regulation systems. Neurotransmitters like dopamine and serotonin shape how networks of neurons communicate and are targets for both illicit drugs and therapeutic treatments alike. Some neurotransmitters may be important for enabling the ability to self-regulate or "down-regulate."

The team compared the emotion regulation brain maps from the two datasets to neurotransmitter binding maps from 36 other studies. The systems involved in regulating negative emotion overlapped with particular neurotransmitter systems.




"Our results showed that receptors for cannabinoids, opioids, and serotonin, including 5H2A, were especially rich in areas that are involved in emotion regulation," says senior author Tor Wager, the Diana L. Taylor Distinguished Professor in Neuroscience and director of the Dartmouth Brain Imaging Center at Dartmouth. "When drugs that bind to these receptors are taken, they are preferentially affecting the emotion regulation system, which raises questions about their potential for long-term effects on our capacity to self-regulate."

Serotonin is well-known for its role in depression, as the most widely used antidepressant drugs inhibit its reuptake in synapses, which transmit signals from one neuron to another.

5H2A is the serotonin receptor most strongly affected by another exciting new type of treatment for mental health -- psychedelic drugs. The study's findings suggest that the effects of drugs on depression and other mental health disorders may work in part by altering how we think about life events and our ability to self-regulate. This may help explain why drugs, particularly psychedelics, are likely to be ineffective without the right kind of psychological support. The study could help improve therapeutic approaches by increasing our understanding of why and how psychological and pharmaceutical approaches need to be combined into integrated treatments.

"It's important to consider these types of connections that come from basic science," says Wager. "Understanding drug effects requires understanding the brain systems involved and what they're doing at a cognitive level."
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'Smart swarms' of tiny robots inspired by natural herd mentality | ScienceDaily
In natural ecosystems, the herd mentality plays a major role -- from schools of fish, to beehives to ant colonies. This collective behavior allows the whole to exceed the sum of its parts and better respond to threats and challenges.


						
This behavior inspired researchers from The University of Texas at Austin, and for more than a year they've been working on creating "smart swarms" of microscopic robots. The researchers engineered social interactions among these tiny machines so that they can act as one coordinated group, performing tasks better than they would if they were moving as individuals or at random.

"All these groups, flocks of birds, schools of fish and others, each member of the group has this natural inclination to work in concert with its neighbor, and together they are smarter, stronger and more efficient than they would be on their own," said Yuebing Zheng, associate professor in the Walker Department of Mechanical Engineering and Texas Materials Institute. "We wanted to learn more about the mechanisms that make this happen and see if we can reproduce it."

Zheng and his team first showcased these innovations in a paper published in Advanced Materials last year. But they've taken things a step further in a new paper published recently in Science Advances.

In the new paper, Zheng and his team have given these swarms a new trait called adaptive time delay. This concept allows each microrobot within the swarm to adapt its motion to changes in local surroundings. By doing this, the swarm showed a significant increase in responsivity without decreasing its robustness -- the ability to quickly respond to any environment change while maintaining the integrity of the swarm.

This finding builds on a novel optical feedback system -- the ability to direct these microrobots in a collective way using controllable light patterns. This system was first unveiled in the researchers' 2023 paper -- recently chosen as an "editor's choice" by Advanced Materials - and it facilitated the development of adaptive time delay for microrobots.

The adaptive time delay strategy offers potential for scalability and integration into larger machinery. This approach could significantly enhance the operational efficiency of autonomous drone fleets. Similarly, it could enable conveys of trucks and cars to autonomously navigate extensive highway journeys in unison, with improved responsiveness and increased robustness. The same way schools of fish can communicate and follow each other, so will these machines. As a result, there's no need for any kind of central control, which takes more data and energy to operate.

"Nanorobots, on an individual basis, are vulnerable to complex environments; they struggle to navigate effectively in challenging conditions such as bloodstreams or polluted waters," said Zhihan Chen, a Ph.D. student in Zheng's lab and co-author on the new paper. "This collective motion can help them better navigate a complicated environment and reach the target efficiently and avoid obstacles or threats."

Having proven this swarm mentality in the lab setting, the next step is to introduce more obstacles. These experiments were conducted in a static liquid solution. Up next, they'll try to repeat the behavior in flowing liquid. And then they'll move to replicate it inside an organism.

Once fully developed, these smart swarms could serve as advanced drug delivery forces, able to navigate the human body and elude its defenses to bring medicine to its target. Or, they could operate like iRobot robotic vacuums, but for contaminated water, collectively cleaning every bit of an area together.
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Giant phage holds promise as treatment for lung infections | ScienceDaily
Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.


						
The Burkholderia cepacia complex is a group of bacteria that can cause lung infections, which can be fatal for those with serious lung diseases, particularly Cystic Fibrosis. Infections caused by Burkholderia cenocepacia are difficult to treat, as they can evade antibiotics by pumping them back out of the bacterial cell or by hiding inside human cells.

Scientists from the Sagona lab at the University of Warwick, UK, were interested in finding a way to target these evasive bacteria. One method that researchers are looking into more widely is the use of bacteriophages (phages). Phages are naturally occurring viruses that can infect and kill bacteria. There are more phages in the world than bacteria, animals and humans combined, but they are not yet widely used as clinical treatments in the UK other than as a last resort.

Researchers began by considering where to look for phage that can target and kill B. cenocepacia in the hopes of providing alternative therapeutics for those suffering from infection. Wastewater, particularly from hospitals, is a great source of phages that can target specific bacteria. If Burkholderia are present in wastewater, due to the input of bacteria from humans, phages that can infect and kill these bacteria will also be present and can be isolated by scientists.

Dr Jessica Lewis, who conducted the study, began by taking samples of wastewater from a sewage treatment works outside of Coventry, UK, and isolated a phage specific to B. cenocepacia. Not only did the phage kill B. Cenocepacia when tested, analysis also revealed that the phage is what is known as a jumbo phage. A jumbo phage has a genome which is more than double the size of an average phage. It's rare -- only a few hundred jumbo phages have been discovered since the first was isolated in 1978.

Discovery of a jumbo phage is particularly exciting due to the potential of the unknown elements of its genome. More than 400 genes (around 85% of the total genes) in the new phage have unknown functions. Dr Lewis and her colleagues are now sequencing the DNA of their jumbo phage in an effort to identify potential genes with powerful new functions.

According to Dr Lewis, this is just the beginning: "phage therapy with regular phage is step A, but if we do not want a repeat of resistance and similar problems that we face with antibiotics, we will need to optimise them." Dr Lewis and her team hope that by sequencing the jumbo phage genome they can find DNA that can be engineered to contain further biological weaponry, increasing the phage's arsenal of tools to target and kill B. cenocepacia.

While there is a lot more research needed to work towards human and clinical applications of phages, researchers are also limited by UK policy. Dr Lewis said "Currently in the UK, we cannot make our own phage therapeutics. We would have to isolate the phages here and send these off to certified phage companies either in mainland Europe or America, so that they can generate purified phage cocktails (which are approved for phage therapy and can be applied to patients) and send those back to us." Despite these limitations, Dr Lewis and her team are continuing to pursue the use of phage to target B. cenocepacia and hope that their work will contribute to the wealth of phage research that will one day be used to treat patients.

Dr Jessica Lewis will present her data at this year's Microbiology Society Annual Conference which will take place from Monday 8 April-Thursday 11 April 2024 at Edinburgh International Convention Centre. Her talk "Characterisation of a novel flagellotropic phage targeting Burkholderia cenocepacia" will take place on Monday 8 April.
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Machine learning enables viability of vertical-axis wind turbines | ScienceDaily
If you imagine an industrial wind turbine, you likely picture the windmill design, technically known as a horizontal-axis wind turbine (HAWT). But the very first wind turbines, which were developed in the Middle East around the 8th century for grinding grain, were vertical-axis wind turbines (VAWT), meaning they spun perpendicular to the wind, rather than parallel.


						
Due to their slower rotation speed, VAWTs are less noisy than HAWTs and achieve greater wind energy density, meaning they need less space for the same output both on- and off-shore. The blades are also more wildlife-friendly: because they rotate laterally, rather than slicing down from above, they are easier for birds to avoid.

With these advantages, why are VAWTs largely absent from today's wind energy market? As Sebastien Le Fouest, a researcher in the School of Engineering Unsteady Flow Diagnostics Lab explains, it comes down to an engineering problem -- air flow control -- that he believes can be solved with a combination of sensor technology and machine learning. In a paper recently published in Nature Communications, Le Fouest and UNFOLD head Karen Mulleners describe two optimal pitch profiles for VAWT blades, which achieve a 200% increase in turbine efficiency and a 77% reduction in structure-threatening vibrations.

"Our study represents, to the best of our knowledge, the first experimental application of a genetic learning algorithm to determine the best pitch for a VAWT blade," Le Fouest says.

Turning an Achilles' heel into an advantage

Le Fouest explains that while Europe's installed wind energy capacity is growing by 19 gigawatts per year, this figure needs to be closer to 30 GW to meet the UN's 2050 objectives for carbon emissions.

"The barriers to achieving this are not financial, but social and legislative -- there is very low public acceptance of wind turbines because of their size and noisiness," he says.




Despite their advantages in this regard, VAWTs suffer from a serious drawback: they only function well with moderate, continuous air flow. The vertical axis of rotation means that the blades are constantly changing orientation with respect to the wind. A strong gust increases the angle between air flow and blade, forming a vortex in a phenomenon called dynamic stall. These vortices create transient structural loads that the blades cannot withstand.

To tackle this lack of resistance to gusts, the researchers mounted sensors onto an actuating blade shaft to measure the air forces acting on it. By pitching the blade back and forth at different angles, speeds, and amplitudes, they generated series of 'pitch profiles'. Then, they used a computer to run a genetic algorithm, which performed over 3500 experimental iterations. Like an evolutionary process, the algorithm selected for the most efficient and robust pitch profiles, and recombined their traits to generate new and improved 'offspring'.

This approach allowed the researchers not only to identify two pitch profile series that contribute to significantly enhanced turbine efficiency and robustness, but also to turn the biggest weakness of VAWTs into a strength.

"Dynamic stall -- the same phenomenon that destroys wind turbines -- at a smaller scale can actually propel the blade forward. Here, we really use dynamic stall to our advantage by redirecting the blade pitch forward to produce power," Le Fouest explains. "Most wind turbines angle the force generated by the blades upwards, which does not help the rotation. Changing that angle not only forms a smaller vortex -- it simultaneously pushes it away at precisely the right time, which results in a second region of power production downwind."

The Nature Communications paper represents Le Fouest's PhD work in the UNFOLD lab. Now, he has received a Swiss National Science Foundation (SNSF) BRIDGE grant to build a proof-of-concept VAWT. The goal is to install it outdoors, so that it can be tested as it responds in real time to real-world conditions.

"We hope this air flow control method can bring efficient and reliable VAWT technology to maturity so that it can finally be made commercially available," Le Fouest says.
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Plant-based plastic releases nine times less microplastics than conventional plastic | ScienceDaily
A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.


						
The research, led by experts from the University of Portsmouth and the Flanders Marine Institute (VLIZ), in Belgium, looked at how two different types of plastic break down when tested in extreme conditions.

A bio-based plastic material made from natural feedstocks held up better when exposed to intense UV light and seawater for 76 days -- the equivalent of 24 months of sun exposure in central Europe -- than a conventional plastic made from petroleum derivatives.

Professor of Mechanical Engineering, Hom Dhakal, from the University's School of Mechanical and Design Engineering, and member of Revolution Plastics said: "Bio-based plastics are gaining interest as alternatives to conventional plastics, but little is known about their potential source of microplastics pollution in the marine environment.

"It's important to understand how these materials behave when they're exposed to extreme environments, so we can predict how they'll work when they're used in marine applications, like building a boat hull, and what impact they might have on ocean life.

"By knowing the effect of different types of plastics on the environment, we can make better choices to protect our oceans."

According to the Plastic Oceans International Organization, the equivalent of a truckload of plastic is poured into the oceans every minute of the day. When this plastic waste is exposed to the environment, it breaks down into smaller particles which are less than 5mm in size.




These particles are known as 'microplastics' and have been observed in most marine ecosystems, posing a serious threat to aquatic life.

"We wanted to look at a conventional industrial polymer, polypropylene, which is non-biodegradable and difficult to recycle, against polylactic acid (PLA), a biodegradable polymer," Professor Dhakal explained.

"Although our findings show that the PLA released less microplastics, which means using plant-based plastics instead of oil-based ones might seem like a good idea to reduce plastic pollution in the ocean, we need to be careful as microplastics are still clearly being released and that remains a concern."

The research also found that the size and shape of the tiny plastic pieces released depended on the type of plastic. The conventional plastic released smaller pieces and had fewer fibre-like shapes compared to the plant-based plastic.

Professor Dhakal added: "Overall our research provides valuable insights into the behaviour of different plastic types under environmental stressors, which is important for our future work to tackle plastic pollution.

"There is a clear need for continued research and proactive measures to mitigate the impact of microplastics on marine ecosystems."

Professor Dhakal is a member of the Revolution Plastics initiative that has been instrumental in informing national and global policies on plastics, pioneering advanced enzyme recycling techniques and contributing to critical discussions on the UN treaty to end plastic pollution.




Revolution Plastics operates as a network of interconnected researchers and innovators across the University, consolidating and expanding a world-leading plastic-focused research, innovation and teaching community.

The study was led by experts from the Flanders Marine Institute (VLIZ), in Belgium, under collaborative international work within the SeaBioComp project, which received funding from the Interreg 2 Seas Programme co-funded by the European Regional Development Fund.

The paper is published in Ecotoxicology and Environmental Safety. 
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Drawing inspiration from plants: A metal-air paper battery for wearable devices | ScienceDaily
Drawing inspiration from the way plants breathe, a group of researchers at Tohoku University has created a paper-based magnesium-air battery that can be used in GPS sensors or pulse oximeter sensors. Taking advantage of paper's recyclability and lightweight nature, the engineered battery holds promise for a more environmentally friendly source of energy.


						
For over two millennia, paper has been a staple of human civilization. But these days, the usage of paper is not limited to writing. It is also playing a pivotal role in ushering in a greener future.

Lightweight and thin paper-based devices help reduce dependence on metal or plastic materials, whilst at the same time being easier to dispose of. From paper-based diagnostic devices that deliver economical and rapid detection of infectious diseases to batteries and energy devices that offer an environmentally friendly alternative for power generation, scientists are finding ingenious ways to put this versatile material to use.

Now, a team of researchers at Tohoku University has reported on a high-performance magnesium-air (Mg-air) battery that is paper-based and activated by water.

"We drew inspiration for this device from the respiration mechanism of plants," points out Hiroshi Yabu, corresponding authors of the study. "Photosynthesis is analogous to the charge and discharge process in batteries. Just as plants harness solar energy to synthesize sugar from water in the ground and carbon dioxide from the air, our battery utilizes magnesium as a substrate to generate power from oxygen and water."

To fabricate the battery, Yabu and his colleagues bonded magnesium foil onto paper and added the cathode catalyst and gas diffusion layer directly to the other side of the paper. The paper battery achieved an open circuit voltage of 1.8 volts, a 1.0 volt current density of 100 mA/cm2, and a maximum output of 103 milliwatts/cm2.

"Not only did the battery demonstrate impressive performance results, it operates without using toxic materials -- instead using carbon cathodes and a pigment electrocatalyst that have passed stringent assessments," adds Yabu.

The researchers put the battery to the test in a pulse oximeter sensor and a gps sensor, illustrating its versatility for wearable devices.
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Pressure determines which embryonic cells become 'organizers' | ScienceDaily
A collaboration between research groups at the University of California, TU Dresden in Germany and Cedars-Sinai Guerin Children's in Los Angeles has identified a mechanism by which embryonic cells organize themselves to send signals to surrounding cells, telling them where to go and what to do. While these signaling centers have been known to science for a while, how individual cells turn into organizers has been something of a mystery.


						
Until now. In a paper published in the journal Nature Cell Biology, the researchers find that cells are literally pressed into becoming organizers.

"We were able to usemicrodroplet techniquesto figure out how the buildup of mechanical pressure affects organ formation," said co-corresponding authorOtger Campas, former associate professor of mechanical engineering at UC Santa Barbara, who is currently managing director, professor and chair of tissue dynamics at thePhysics of Life Excellence Cluster of TU Dresden.

Peer pressure

Finding out how cells decide to become organizers during the formation of organs remains a central challenge in the study of embryogenesis, and is key to understanding embryonic development.

"By understanding how an embryo forms organs, we can start to ask questions about what goes wrong in children born with congenital malformations," said fellow co-authorOphir Klein, MD, executive director of Cedars-Sinai Guerin Children's, where he is also the David and Meredith Kaplan Distinguished Chair in Children's Health.

Building on techniques previously developed by Campas, in which minute droplets inserted between developing embryonic cells sense the forces exerted by cells on each other, and through observations of an embryonic incisor tooth, the researchers found that pressure influences a cell's fate -- they feel the squeeze and use this information to organize themselves.




"It's like those toys that absorb water and grow in size," said Neha Pincha Shroff, a postdoctoral scholar in the School of Dentistry at UCSF, and co-lead author of the study. "Just imagine that happening in a confined space. What happens in the incisor knot is that the cells multiply in number in a fixed space and this causes a pressure to build up at the center, which then becomes a cluster of specialized cells." The researchers found that the cells feeling the stronger pressure stop growing and start sending signals to organize the other surrounding cells in the tooth.

Embryos use several of these signaling centers to guide cells as they form tissues and organs. Cells around these centers receive stronger or weaker signals depending on their location, and they make decisions accordingly. Like building skyscrapers or bridges, sculpting our organs involves tight planning, a lot of coordination and the right structural mechanics. Failure in any of these processes can be catastrophic when it comes to building a bridge, and it can also be damaging for us when growing in the womb.

"This work may lead to additional research into how birth defects are formed and can be prevented," Klein remarked.

Seeing how pressure works in embryonic development opens up further research possibilities, according to Campas.

"It is really exciting that pressure has a role in establishing signaling centers," he said. "It will be interesting to see if or how mechanical pressure affects other important developmental processes."

Investigators Pengfei Xu (co-first author), Sangwoo Kim, Elijah Shelton, Ben Gross, Yucen Liu, Carlos Gomez, Qianlin Ye, Tingsheng Yu Drennon, Jimmy Hu, and Jeremy Green also participated in the study.
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California leads U.S. emissions of little-known greenhouse gas | ScienceDaily
California, a state known for its aggressive greenhouse gas reduction policies, is ironically the nation's greatest emitter of one: sulfuryl fluoride.


						
As much as 17% of global emissions of this gas, a common pesticide for treating termites and other wood-infesting insects, stem from the United States. The majority of those emissions trace back to just a few counties in California, finds a new study led by Johns Hopkins University.

"When we finally mapped it out, the results were puzzling because the emissions were all coming from one place," said co-author Scot Miller, an assistant professor of environmental health and engineering at Johns Hopkins who studies greenhouse gases and air pollutants. "Other greenhouse gases like carbon dioxide and methane are found everywhere across the U.S. On our sulfuryl fluoride map, only California lit up like a Christmas tree."

Miller and lead author Dylan Gaeta, a PhD candidate at Johns Hopkins, analyzed more than 15,000 air samples collected between 2015 and 2019 by NOAA Global Monitoring Laboratory scientists. The researchers factored in wind speed, direction, and other meteorological variables to trace the chemicals back to their point of origin.

The team found 60-85% of sulfuryl fluoride emissions in the U.S. come from California, primarily Los Angeles, Orange, and San Diego counties, despite California being a national leader in reducing greenhouse gas emissions, including publishing a comprehensive plan to achieve net-zero emissions by 2045.

"We can now show not only where but also how and why this gas is being emitted," Gaeta said. "In order to get to net-zero emissions, we need a complete inventory of what greenhouse gases are out there."

The findings published today in Communications Earth & Environment.

First approved by the U.S. Environmental Protection Agency for use as a pesticide in 1959, sulfuryl fluoride gained popularity after countries around the world agreed to phase out more reactive fumigants that were depleting the ozone layer, the researchers said.




Because California has kept thorough records of pesticide use, the team was able to attribute the vast majority, roughly 85% of the state's sulfuryl fluoride emissions, to structural fumigation -- the practice of sealing an infested structure with an airtight tent, pumping gas into the tent to eradicate the pests, and afterward venting the gas directly into the atmosphere. Roughly 15% came from agricultural and commodities fumigation.

Once emitted, the gas spreads and stays for more than 40 years in the atmosphere, where it contributes to global warming by trapping heat and sending it back down to the Earth's surface, the researchers said. Average concentrations of sulfuryl fluoride in the atmosphere are low; however, humans have been emitting the human-made gas for decades at a rate faster than it can breakdown naturally.

"Without some form of intervention, sulfuryl fluoride is going to keep accumulating in our atmosphere. For most greenhouse gases, California has been very intentional about how it's going to reduce emissions," Gaeta said. "This one has slipped under the radar."

Efforts to reduce greenhouse gas emissions generally focus on carbon because it poses the greatest threat to global warming. But, Miller said, researchers are working to get a more complete picture of the risks from other greenhouse gases.

Sulfuryl fluoride is one of the few treatments to rid buildings of drywood termites, a common regional pest that can form colonies in high, hard-to-reach parts of wooden structures. It's also used at shipping ports to kill pests before they can hitch a ride to other parts of the world.

"It really is a double-edged sword. Sulfuryl fluoride is less harmful than the banned fumigants, but it also contributes to global warming," Miller said. "California's track record shows that it's been looking at out-of-the-box, creative ways to reduce its greenhouse gas emissions. I think knowing better what the emissions are and what impact they have will give the state the information it needs to help holistically develop greenhouse gas reduction strategies."

The researchers shared findings with the California Air Resources Board and the Bay Area Air Quality Management District.

This work was made possible by NSF program grants 2121641 and 2121739; NOAA grants NA21OAR4310233, NA21OAR4310234, NA14OAR0110139, NA14OAR0110140, and NA17OAR4320101; and NASA grant NNX15AJ06G.
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Discovery could end global amphibian pandemic | ScienceDaily
A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.


						
The fungus, Batrachochytrium dendrobatidis or Bd, ravages the skin of frogs and toads, and eventually causes heart failure. To date it has contributed to the decline of over 500 amphibian species, and 90 possible extinctions including yellow-legged mountain frogs in the Sierras and the Panamanian golden frog.

A new paper in the journal Current Biology documents the discovery of a virus that infects Bd, and which could be engineered to control the fungal disease.

The UC Riverside researchers who found the virus are excited about the implications of their discovery. In addition to helping them learn about how fungal pathogens rise and spread, it offers the hope of ending what they call a global amphibian pandemic.

"Frogs control bad insects, crop pests, and mosquitoes. If their populations all over the world collapse, it could be devastating," said UCR microbiology doctoral student and paper author Mark Yacoub.

"They're also the canary in the coal mine of climate change. As temperatures get warmer, UV light gets stronger, and water quality gets worse, frogs respond to that. If they get wiped out, we lose an important environmental signal," Yacoub said.

Bd was not prevalent before the late 1990s, but then, "all of a sudden frogs started dying," Yacoub said.




When they found the Bd-infecting virus, Yacoub and UCR microbiology professor Jason Stajich had been working on the population genetics of Bd, hoping to gain a better understanding about where it came from and how it is mutating.

"We wanted to see how different strains of fungus differ in places like Africa, Brazil, and the U.S., just like people study different strains of COVID-19," Stajich said. To do this, the researchers used DNA sequencing technology. As they examined the data, they noticed some sequences that did not match the DNA of the fungus.

"We realized these extra sequences, when put together, had the hallmarks of a viral genome," Stajich said.

Previously, researchers have looked for Bd viruses but did not find them. The fungus itself is hard to study because complex procedures are required to keep it alive in a laboratory.

"It is also a hard fungus to keep track of because they have a life stage where they're motile, they have a flagellus, which resembles a sperm tail, and they swim around," Stajich said.

Additionally, the virus that infects Bd was hard to find because most known viruses that infect fungi, called mycoviruses, are RNA viruses. However, this virus is a single-stranded DNA virus. By studying the DNA, the researchers could see the virus stuck in the genome of the fungus.




It appears that only some strains of the fungus have the virus in their genome. But the infected ones seem to behave differently than the ones that don't. "When these strains possess the virus they produce fewer spores, so it spreads more slowly. But they also might become more virulent, killing frogs faster," Stajich said.

Right now, the virus is essentially trapped inside the fungal genome. The researchers would eventually like to clone the virus and see if a manually infected strain of Bd also produces fewer spores.

"Because some strains of the fungus are infected and some are not, this underscores the importance of studying multiple strains of a fungal species," Yacoub said.

Moving forward, the researchers are looking for insights into the ways that the virus operates. "We don't know how the virus infects the fungus, how it gets into the cells," Yacoub said. "If we're going to engineer the virus to help amphibians, we need answers to questions like these."

In some places, it appears there are a few amphibian species acquiring resistance to Bd. "Like with COVID, there is a slow buildup of immunity. We are hoping to assist nature in taking its course," Yacoub said.
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Exploring the effect of the presence of familiar people in interpersonal space | ScienceDaily
Most studies on interpersonal space (IPS) focus on the physiological and psychological responses to the presence of strangers in IPS. However, having a social relation with a person or their relative position in the IPS can influence these responses. Recently, researchers investigated the responses to the presence of friends and acquaintances at different relative positions in IPS, measuring the changes in discomfort, heart rate, and parasympathetic activity. Overall, this study enhances our understanding of IPS.


						
When we communicate with other people face-to-face, we do so by maintaining a certain physical distance from each other. This space surrounding our body while interacting is called the interpersonal space (IPS), and maintaining adequate IPS is crucial for better communication.

Many studies have investigated the psychological and physiological changes that occur based on the presence of another person in the IPS during face-to-face interactions. These studies are based on the avoidance behaviour that we experience when a stranger invades our IPS, which manifests in the form of increased heart rate and discomfort. However, having a social relation with a person, such as with a friend or a spouse, can influence this behaviour. Moreover, most studies have only examined IPS in front of or behind a person, using tasks such as a stopping task, wherein a stranger approaches or retreats from the IPS. They have not determined the shape of IPS by considering different relative positions around a person.

Addressing this gap, a team of researchers from Japan, led by Assistant Professor Kae Mukai from the Faculty of Science and Engineering at Waseda University, investigated the effect of social relationships on the physiological and psychological responses to the presence of another person in the IPS. Dr. Mukai explains, "Considering a real-life situation in which acquaintances or friends are standing next to us, the threat level might be relatively low compared to when strangers are standing next to us. Given the evidence, that smaller IPSs may be formed with family and friends, psychological and physiological responses can differ. In this study, we uncovered these differences." The team also included Dr. Tomoko Isomura from Nagoya University and Dr. Ryoji Onagawa and Professor Katsumi Watanabe from Waseda University. Their findings were published in the journal Scientific Reports on February 21, 2024.

The researchers used electrocardiogram (ECG) data to measure the changes in subjective discomfort, heart rate, and heart rate variability (HRV), which indicates parasympathetic activity or the "rest and digest" nervous response, of a person due to the presence of another person at various relative positions in the IPS. They measured these changes during two tasks. In the first task, participants were paired with their friends in a static standing task, where a person stood 30 cm away from the other, with both hands behind their back, within the IPS for a minute.

There were eight relative positions in all: F-see, L-see, R-see, and B-see, as well as F-seen, L-seen, R-seen, and baseline. In the first case, participants stood face-to-face with their friend and looked at the center of their eyes. In the next three cases, they looked at their friend's left profile, right profile, and back, respectively, with their eyes fixed on the head. On the other hand, the participants stood with their eyes fixed on the fixation point 30 cm in front of them while being seen at their left profiles, right profiles, and backs by their friend in F-seen, L-seen, and R-seen conditions, respectively. Lastly, in the baseline condition, both persons were standing back-to-back, unable to see each other. In the second task, a cylindrical object with height same as that of the person was placed at different positions in the IPS.

The experiments revealed that the greatest discomfort, the greatest decrease in heart rate, and the greatest increase in HRV occurred in the F-see condition. The researchers attributed the decrease in heart rate and increase in parasympathetic activity to the presence of familiar people, as previous studies have shown that the presence of a friend or romantic partner activates parasympathetic activity. Moreover, they found that heart rate only decreased in relative positions F-see and R-see. Additionally, no changes were observed during the task with the object.

These findings are inconsistent with previous studies which report that sympathetic activity, or the "fight or flight" response, is activated when a stranger invades our personal space. "Our study suggests that social relationships between two people influence our physiological responses during social interactions," says Dr. Mukai. "Our findings could help in the development of a society that makes life easier for a diverse range of people, by introducing appropriate communication methods that vary according to changes in responses to the presence of others."
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Plastic-free vegan leather that dyes itself grown from bacteria | ScienceDaily
Researchers at Imperial College London have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.


						
In recent years, scientists and companies have started using microbes to grow sustainable textiles or to make dyes for industry -- but this is the first time bacteria have been engineered to produce a material and its own pigment simultaneously.

Synthetic chemical dyeing is one of the most environmentally toxic processes in fashion, and black dyes -- especially those used in colouring leather -- are particularly harmful. The researchers at Imperial set out to use biology to solve this.

In tackling the problem, the researchers say their self-dyeing vegan, plastic-free leather, which has been fashioned into shoe and wallet prototypes, represents a step forward in the quest for more sustainable fashion.

Their new process, which has been published in the journal Nature Biotechnology, could also theoretically be adapted to have bacteria grow materials with various vibrant colours and patterns, and to make more sustainable alternatives to other textiles such as cotton and cashmere.

Lead author Professor Tom Ellis, from Imperial College London's Department of Bioengineering, said: "Inventing a new, faster way to produce sustainable, self-dyed leather alternatives is a major achievement for synthetic biology and sustainable fashion.

"Bacterial cellulose is inherently vegan, and its growth requires a tiny fraction of the carbon emissions, water, land use and time of farming cows for leather.




"Unlike plastic-based leather alternatives, bacterial cellulose can also be made without petrochemicals, and will biodegrade safely and non-toxically in the environment."

Designer collaboration

The researchers created the self-dyeing leather alternative by modifying the genes of a bacteria species that produces sheets of microbial cellulose -- a strong, flexible and malleable material that is already commonly used in food, cosmetics and textiles. The genetic modifications 'instructed' the same microbes that were growing the material to also produce the dark black pigment, eumelanin.

They worked with designers to grow the upper part of a shoe (without the sole) by growing a sheet of bacterial cellulose in a bespoke, shoe-shaped vessel. After 14 days of growth wherein the cellulose took on the correct shape, they subjected the shoe to two days of gentle shaking at 30degC to activate the production of black pigment from the bacteria so that it dyed the material from the inside.

They also made a black wallet by growing two separate cellulose sheets, cutting them to size, and sewing them together.

As well as the prototypes, the researchers demonstrated that the bacteria can be engineered using genes from other microbes to produce colours in response to blue light. By projecting a pattern, or logo, onto the sheets using blue light, the bacteria respond by producing coloured proteins which then glow.




This allows them to project patterns and logos onto the bacterial cultures as the material grows, resulting in patterns and logos forming from within the material.

Co-author Dr Kenneth Walker, who conducted the work at Imperial College London's Department of Bioengineering and now works in industry, said: "Our technique works at large enough scales to create real-life products, as shown by our prototypes. From here, we can consider aesthetics as well as alternative shapes, patterns, textiles, and colours.

"The work also shows the impact that can happen when scientists and designers work together. As current and future users of new bacteria-grown textiles, designers have a key role in championing exciting new materials and giving expert feedback to improve form, function, and the switch to sustainable fashion."

Greener clothes

The research team are now experimenting with a variety of coloured pigments to use those that can also be produced by the material-growing microbes.

The researchers and collaborators have also just won PS2 million in funding from Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI), to use engineering biology and bacterial cellulose to solve more of fashion's problems, such as the use of toxic chromium in leather's production lines.

Professor Ellis said: "Microbes are already directly addressing many of the problems of animal and plastic-based leather, and we plan to get them ready to expand into new colours, materials and maybe patterns too.

"We look forward to working with the fashion industry to make the clothes we wear greener throughout the whole production line."

The authors worked closely with Modern Synthesis, a London-based biodesign and materials company, who specialise in innovative microbial cellulose products.

This work was funded by Engineering and Physical Sciences Research Council and BBSRC, both part of UKRI.
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New discovery unravels malaria invasion mechanism | ScienceDaily

With 249 million cases of malaria and 608,000 deaths in 2022, malaria has remained an intractable global health threat. The malaria parasite Plasmodium falciparum is the leading cause of severe malariaand is responsible for the largest portion of malaria deaths. All clinical symptoms of malaria are caused by the multiplication of malaria parasites in the red blood cells.

Key component found for malaria invasion

P. falciparum is known to invade human red blood cells, but the precise details of the targets that the parasite binds to has not been known to date. Although we know that the malaria protein, cystein-rich protective antigen (CyRPA), is essential for the invasion of red blood cells, its precise role in this process was not understood.

A multidisciplinary, collaborative research team from six institutions, led by investigators at Swiss TPH in Switzerland and Institute for Glycomics in Australia examined the binding properties of CyPRA. The researchers discovered that a sugar called sialic acid is a key component of the red blood cell surface that is recognized by the malaria parasite, and which is essential for the invasion process. The findings were published in the peer-reviewed journal Cell Reports.

"We are now demonstrating that P. falciparum CyRPA binds to a specific carbohydrate structure (glycan) present on the red blood cell surface. The CyRPA protein is highly adapted to bind to a glycan terminating with a sialic acid. The discovery of the key function of CyRPA in host cell invasion provides an explanation for the parasite inhibitory activity of CyRPA-specific antibodies" said Gerd Pluschke, Group Leader of Molecular Immunology at Swiss TPH, and co-corresponding author of the publication.

Malaria parasite adapted to humans

"Humans differ from other primates because they can only produce one type of sialic acid, called Neu5Ac. This genetic difference between humans and closely related primates has long been proposed to contribute to the species-specific targeting of malaria parasites. In this study, we show that the human form of sialic acid, Neu5Ac, is strongly preferred by the human-specific malaria parasite P. falciparum, and may explain the adaptation of this parasite to humans," said Michael Jennings, Acting Director of the Institute for Glycomics, and co-corresponding author of the paper.




Implications for vaccine and drug development

Vaccines targeting the P. falciparum pre-erythrocytic stages are registered for use. However, they only show moderate levels of efficacy. There is no registered vaccine against the blood stage of malaria, but there is intensive research on blood stage vaccines. "The discovery of the key function of CyRPA in host cell invasion strongly supports the concept to clinically test CyRPA as a blood stage vaccine target," said Pluschke.

Moreover, as the emergence of drug resistance in the parasites that cause malaria is a major health threat, the study's findings offer hope for new antimalarial drugs that are urgently needed. "The essential binding activity of CyRPA to a specific glycan also validates CyRPA as drug target, and we demonstrate that small molecule inhibitors that interfered with this function can inhibit malaria replication in our study," said Jennings.
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Testing environmental water to monitor COVID-19 spread in unsheltered encampments | ScienceDaily
To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers reporting in ACS' Environmental Science & Technology Letters tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen viral mutations.


						
In recent years, testing untreated wastewater for SARS-CoV-2 incidence and dominant viral variants, as well as other pathogens, has been vital to helping public health officials determine infectious disease transmission in local communities. Yet, this monitoring only captures information on viruses shed from human feces and urine in buildings that are connected to local sewage infrastructure. Beyond the pandemic's impact on human health, it also exacerbated socioeconomic difficulties and increased the number of people experiencing homelessness and living in open-air encampments without access to indoor bathrooms. To understand the prevalence of COVID-19 among people who live unsheltered, Edwin Oh and colleagues tested for SARS-CoV-2 in waterways near encampments outside Las Vegas from December 2021 through July 2022.

Using quantitative polymerase chain reaction, the researchers identified SARS-CoV-2 RNA in more than 25% of the samples tested from two flood-control channels. The highest detection frequency over the study period aligned with Las Vegas' first wave of omicron variant infections, as confirmed through parallel testing at a local wastewater treatment plant. The researchers say these results suggest a similar level of transmission was occurring within the unsheltered community as it was among the general population. Then the researchers conducted whole genome sequencing to identify the SARS-CoV-2 variants in the waterways. These samples largely contained the same variants identified in the broader community. Deeper computational analysis of the viral sequences identified three novel viral spike protein mutations in some waterway samples, but the researchers have not yet examined what impact these mutations might have on viral function or clinical outcomes. Regardless, the ability to detect and identify SARS-CoV-2 in environmental water samples could help improve public health measures for a community that is often underrepresented in current surveillance methods. The researchers also say monitoring waterways could warn health officials of unexpected variants circulating in the community.

The authors acknowledge funding from the National Institutes of Health, the Nevada Governor's Office of Economic Development, the Centers for Disease Control and Prevention, and the Water Resources Research Institute of the United States Geological Survey.
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Water-based paints: Less stinky, but some still contain potentially hazardous chemicals | ScienceDaily
Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as "greener" and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to research published in ACS' Environmental Science & Technology Letters, some of these paints do contain compounds that are consideredVOCs, along with other chemicals of emerging concern.


						
Paint consists of four ingredients: pigments, binders, additives and a liquid. If the liquid is water -- as in latex and some acrylic paints -- it's classified as a water-based paint, rather than solvent-based. Historically, solvent-based paints were easy to apply and durable, though they released foul-smelling VOCs into the air both during and after application, stinking up a newly painted room. These airborne VOCs can cause respiratory irritation and headaches, among other potential health problems, especially in high concentrations or over long periods of time. Despite water-based paints sporting labels with "zero-" or "low-VOC," their formulations could contain potentially dangerous chemicals of their own. So, Ying Xu and colleagues wanted to understand more about these paints' formulations. The team notes that there are differing definitions of what constitutes a VOC, some of which are stricter than others, including the World Health Organization's definition used in this research.

The team collected 40 water-based paints from around the world, all ranked among the top 70 most-sold brands, and many labelled as zero- or low-VOC. Both dry and wet samples were analyzed by gas chromatography-mass spectrometry to determine their composition.
    	Twenty semi-volatile organic compounds were identified in concentrations ranging from 10 to 35,000 parts per million. While less likely to be in a gaseous form, these can still persist indoors for years, often incorporated into dust.
    	Endocrine-disrupting phthalates, which act as binders, were largely absent in the tested paints. However, several phthalate-replacement chemicals were detected -- their toxicities are still being assessed.
    	Nearly half the analyzed samples contained measurable amounts of isothiazolinones -- preservatives that have been linked to skin irritation and asthmatic symptoms.
    	In 24 of the wet paint samples advertised as either zero- or low-VOC, 11 different VOCs were detected at concentrations up to 20,000 parts per million.

These concentrations represent the chemical composition within the paint, not the air. Further studies are required to understand how much of these potentially hazardous compounds become airborne as painted surfaces are drying. The researchers say that this work could allow for the design of safer paint products in the future.

The authors acknowledge funding from the National Natural Science Foundation of China.
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Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds | ScienceDaily
The crack of a gunshot ringing out in the night is all too familiar to many Americans. A new study captures just how common -- and potentially disruptive -- nighttime gunshots can be in American cities. In a cross-institutional collaboration from Mass General Brigham's founding members, Brigham and Women's Hospital and Massachusetts General Hospital, researchers examined the number of nights and people potentially affected by the sound of nighttime versus daytime gunshots and the relationship between the sound of nighttime gunshots and median household income in the United States. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them. Their results are published in the Journal of General Internal Medicine.


						
"A nighttime gunshot likely disrupts the sleep of nearby community residents due to the sheer sound of the shot, which is then followed by a cacophony of sirens from police vehicles and ambulances," said corresponding author Rebecca Robbins, MMSc, PhD, MS, of the Division of Sleep and Circadian Disorders at Brigham and Women's Hospital. "The findings from our study shed light on this potentially significant and underexplored social determinant of sleep and population health."

Minimizing disruptions during the sleep cycle is critical to achieving quality sleep and improving overall health. Various factors, including jetlag from traveling or the onset of hunger during the late hours of the night, can interrupt sleep and lead to metabolic, cardiovascular, and mental health diseases and conditions. Other disruptions, such as nighttime gunshots, warrant further exploration.

Gun violence is a public health threat and the leading cause of death among children and adolescents in the United States. The number of gun deaths due to gun violence in America is staggering. According to the Centers for Disease Control and Prevention, there were more than 48,000 gun-related deaths in the United States in 2022.

Additionally, researchers note that there is potential for an exponentially broader community impact of gunshots beyond those that result in casualties. The current study focuses on the impact of the sounds of guns on surrounding communities; previous studies from the authors have focused on mental and behavioral health consequences from gun violence.

"The traumatic ripple effects from gunshots can extend across families and entire communities. Our work helps to broaden how we think about who is impacted by these events," said co-last author Chana A. Sacks, MD, MPH, of the Division of General Internal Medicine and Mongan Institute at Massachusetts General Hospital.

The team gathered 72,236 publicly available records on the time and location of gunshots in six major cities in the United States, including Baltimore, Boston, Washington, DC, New York, Philadelphia, and Portland, Ore., from 2015-2021. Using those data, investigators compared the prevalence of gunshots during the day versus the night. In addition, they created maps to visualize nighttime gunshot density across the cities. To identify communities potentially impacted by the sound of the gunshot, they estimated the number of those residing near to the location where gunshots took place. The team also examined the association between the number of nighttime gunshots and median household income.




To measure the potential effect of the sound of nighttime gunshots, the team estimated the number of individuals within earshot and the number of nights of potentially disrupted sleep for all individuals within hearing range. The team defined this metric as "person nights" and estimated that approximately 12.5 million person nights across the six cities could be impacted annually. Among the findings was that as median household income went up, rates of nighttime gunshots went down. This highlighted a higher level of gunshot impact -- and resulting potential sleep and other disruptions -- for people living in low-income neighborhoods. Additionally, it was discovered that 51,789 (72%) of the gunshots occurred during the nighttime across all six cities, with most of them occurring on Saturday and Sunday nights.

The authors note that they did not directly measure sleep disruptions as part of this study. Only six of the 30 most populated cities in the U.S. had enough publicly available data to be included in the analysis. The research team plans to study sleep disturbances in response to nighttime gunshots as they work to design community-based sleep interventions to support individuals in communities with high incidences.

The authors credit their collaboration across hospitals and across areas of research expertise for the insights described in their paper.

"Working as a multidisciplinary research team across the Mass General Brigham healthcare system, with experts in sleep and gun violence, we have been able to advance our understanding of the impacts that gunshots have on communities and inform this critical national conversation," said Robbins. "Conversations about guns often focus on the statistics on gun-related deaths, but our work draws attention to some of the less discussed impacts of gun violence."

Authorship: Mass General Brigham of the study include Peter T. Masiakos, Cornelia Griggs and Elizabeth Klerman. Additional authors include Mahmoud Affouf and Jay M. Iyer.

Disclosures: Robbins reports receiving consulting income from by Nacht GmbH, Savoir Beds Ltd., Oura Health Oy, Castle Hot Springs, Sonesta International Hotels Corporation. Robbins has received funding from Bryte Labs. Klerman reports consulting income from the American Academy of Sleep Medicine Foundation, Circadian Therapeutics, National Sleep Foundation, Sleep Research Society Foundation, and Yale University Press; has received travel support from the European Biological Rhythms Society, EPFL Pavilion, the Santa Fe Institute, Sleep Research Society, and the World Sleep Society; and is an unpaid member of the scientific advisory board of Chronsulting. Klerman's partner is founder, chief scientific officer of Chronsulting.

Funding: This study was supported by the MGH Gun Violence Prevention Center. Robbins has received grant support from the NIH/ NHLBI (K01HL150339). Klerman has received grant support from the NIH (R01NS099055, U01NS114001, U54AG062322, R21DA052861, R21DA052861, R01NS114526-02S1, R01-HD107064), DoD (W81XWH201076), and Leducq Foundation for Cardiovascular Research.

Paper cited: Robbins, R et al. "Estimating Community Disruption from Nighttime Gunshots in 6 U.S. Cities, 2015-2021. Journal of General Internal Medicine. DOI: 10.1007/s11606-024-08707-9
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Groundbreaking research in groundwater's role in ecosystem sustainability | ScienceDaily
Until now, groundwater -- a critical water resource around the globe, especially in dry regions -- has been largely unstudied in its importance and role in sustaining ecosystems. A new groundbreaking research effort led by the SUNY College of Environmental Science and Forestry (ESF) in partnership with University of California Santa Barbara (UCSB), Cardiff University, and Desert Research Institute (DRI) examines the relationship between groundwater and ecosystems across California. Their innovative findings are featured in Nature Water.


						
Led by Dr. Melissa Rohde, who completed the study as part of her doctoral research in Dr. John Stella's Riparian Echohydrology Lab at ESF, the team used satellite imagery and groundwater monitoring data to identify thresholds of groundwater depth and seasonal change that can support sensitive ecosystems throughout California under the state's Sustainable Groundwater Management Act framework.

"A vast majority of our planet's freshwater is groundwater, but we don't acknowledge or manage it sustainably, resulting in serious consequences for humans and natural ecosystems," said Dr. Rohde, now Principal at Rohde Environmental Consulting, LLC. "Groundwater is critical for many ecosystems, but their water requirements are rarely accounted for by water agencies and conservationists. To reconcile that, our study provides a simple and practical approach to detect ecological thresholds and targets that can be used by practitioners to allocate and manage water resources."

Utilizing 38 years of Landsat satellite images (1985-2022) and statewide groundwater well data, the study examined impacts on key plant communities. A major challenge was to develop standardized metrics that can be applied across diverse ecosystems with site-specific water conditions. The team applied a common data transformation method in a new way to identify thresholds of vegetation greenness and groundwater depth over time that can determine groundwater needs for ecosystems, helping to inform decisions about water use and planning.

"Groundwater-dependent ecosystems such as wetlands, floodplains, and riparian zones have a very outsized importance on biodiversity. Upwards of 80 to 90 percent of species in a general region may be dependent on these ecosystems in some form or another," said Dr. Stella, study co-author and Vice President for Research at ESF. "We applied a simple statistical approach to very large data sets to identify warning signs and conservation targets for a great diversity of ecosystem types."

The vast geographic scope and long timeline covered by the study, allowed the team to evaluate how large-scale systems respond to major climate shocks such as the historical California drought that occurred from 2012 -- 2016, as well as where individual groundwater-dependent ecosystems can serve as resilient drought refugia.

"This type of study, covering the entire state of California over close to 40 years, has really only become possible in the past few years and shows the promise for similar studies over a much larger geographic area using the approach pioneered by Dr. Rohde," remarked co-author, Dr. Dar Roberts from UCSB.




It was discovered that during drought events, groundwater-dependent vegetation that maintains a connection to groundwater can serve as critical drought refugia for associated species, such as riparian birds or fish. However, when groundwater levels deepen beyond plants' rooting zones during drought, these safe havens can be lost.

"A key takeaway from this study is that we can use what we know about how deep the roots of different types of plants tend to be to approximate what groundwater levels are needed to maintain ecosystem health," said co-author Dr. Christine Albano from DRI. "We found that vegetation was healthier where groundwater levels were within about 1 meter of maximum root depth, as compared to where groundwater was deeper."

The research team is hopeful that their approach and findings can help inform water management decisions in California and beyond.

"This study arms groundwater managers with an intuitive, site-specific measure that can provide a data-driven foundation to guide water allocation and ecosystem restoration efforts," said co-author and professor Kelly Caylor from UCSB.

"Globally, there are increasing efforts to manage groundwater resources for multiple purposes, not only to support drinking water needs or high-value agriculture. Our work provides a sound basis on which to develop clear guidelines for how to manage groundwater to support a wide range of needs within drainage basins in California and beyond," said co-author Prof. Michael Singer from Cardiff University.
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Are universities connected to local sustainability? A new study suggests yes...and no. | ScienceDaily
A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.


						
"Society is facing a slew of global challenges, and we wanted to assess the extent to which higher education is contributing to the sort of transformative change needed to address these challenges," says Christopher Galik, co-author of the study and a professor of public administration at North Carolina State University. "For this study, we started at the local level, exploring whether there was any association between university sustainability performance and sustainability in their surrounding communities."

To explore the issue, researchers looked at data from 105 metropolitan areas in the United States, which are collectively home to 427 higher education institutions. Specifically, the researchers drew on data from two sources, the U.S. Cities Sustainable Development Goal (SDG) Index and the QS Sustainability Universities Ranking.

The SDG Index aggregates dozens of metrics related to a municipality's sustainability efforts, covering issues such as climate action, energy efficiency and water use. The QS Sustainability Universities Ranking evaluates university efforts related to environmental sustainability as well as efforts aimed at addressing social concerns, such as global partnerships, community engagement and the health and well-being of students, faculty and staff.

The researchers wanted to see whether there was any relationship between universities that scored well on the QS Sustainability Universities Ranking and the municipalities that scored well on the SDGs.

"Sustainability is complicated -- it has lots of different components," says Ha Vien, first author of the paper and a Ph.D. student at North Carolina State University. "And we found that universities are associated with progress on some of those measures, but not others."

The good news is that there was a very strong correlation between universities that score well on sustainability and communities that score well on innovation, reducing poverty, creating economic opportunities and reducing inequality.

"The bad news is that universities that perform strongly on sustainability measures are also associated with a decline in responsible consumption and production -- measured here as increased air pollution and release of toxic chemicals -- in their surrounding areas," Vien says. "There was also little or no correlation between universities that scored well on environmental sustainability and the environmental sustainability scores of their communities."

"This is an observational study, so it's impossible to determine causation," Galik says. "However, the evidence suggests two things. First, universities continue to be strongly associated with innovation and economic development. But second, the idea that universities can contribute to broader sustainable transformations doesn't seem to be realized yet, at least on a large scale."

"It took significant time and effort for universities to become the economic drivers that we see today," Vien says. "Looking into the future, climate change will continue to be a defining challenge for the foreseeable future. Our findings highlight that there are still a lot of opportunities for higher education to make more of a difference in surrounding communities."
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Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine | ScienceDaily
On the morning of June 6, 2023, a substantial portion of the Kakhovka Dam in Ukraine - vital for water management and hydroelectric power generation - suffered a collapse while under Russian control. Russia had seized the dam early into its invasion of Ukraine, and though independent investigations suggested that Russia destroyed it to prevent a counterattack from Ukraine, Russia has denied responsibility. New findings published this morning in the journal Nature Communications Earth and Environment from a University of Houston spaceborne-monitoring team indicate the dam may have had deformation hotspots before the war, pre-dating the actual collapse. 


						
"Through our analysis, we observed displacements characterizing different segments of the dam, up to two years prior to the actual collapse," reports UH assistant professor of Civil and Environmental Engineering Pietro Milillo. In the article, Milillo and team present the results of a methodology called InSAR (Interferometric Synthetic Aperture Radar) which measures infrastructure deformation from space with millimetric accuracy using radar images of the Earth's surface collected from orbiting satellites. 

The findings came about while the team was conducting a study monitoring the stability of infrastructure during the Russian invasion of Ukraine. By leveraging spaceborne technology, the team, including the German Aerospace Center (DLR) and the Delft University of Technology (TU Delft) uncovered previously unseen details of the pre-collapse of the dam and detected movements and deformations in the dam years before the collapse, providing valuable insights into its stability. 

"This study highlights the significance of proactive monitoring and the role of remote sensing in ensuring the safety and integrity of critical infrastructure" said lead author Amin Tavakkoliestahbanati, co-author and graduate student in Geosensing System Engineering in the Civil and Environmental Engineering Department at UH. "Our findings emphasize the importance of continuous surveillance to detect and address potential risks before they escalate into catastrophic events." 

"Only in recent times are we able to observe such phenomena thanks to the increased number of satellites flying in space capable of such measurements," said Milillo, who is also a visiting scientist at DLR.  

"Current hypotheses ascribe the collapse of the dam to an explosion that occurred on June 6, 2023. Although our analysis cannot exclude an explosion that occurred on that date, they can identify existing damage mechanisms that might have affected the dam before its collapse," said Milillo. 

Milillo said that the data in the study support the hypothesis that the structure was moving downward since June 2021. "With the beginning of the war, neglected dam maintenance and operations might have destabilized the structure over specific areas, favoring the development of the above-mentioned mechanisms," he said.  
 
The research not only offers valuable insights into the events leading to the collapse of the Kakhovka Dam but also underscores the potential of InSAR as a proactive monitoring tool for infrastructure stability assessment.  

As the world faces increasing challenges related to climate change and geopolitical instability, such studies pave the way for more informed decision-making processes and enhanced risk assessment strategies. InSAR's ability to detect and quantify ground movements with high precision and over extended periods of time contributes to enhanced risk assessment, forensic engineering activities and informed decision-making processes.  

The research was supported by the NASA Decadal Survey Incubation Studies. Joining Tavakkoliestahbanati and Milillo on the project were Giorgia Giardina and Hao Kuai at TU Delft. 
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Intelligent liquid | ScienceDaily
Researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed a programmable metafluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid.


						
The first-of-its-kind metafluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The metafluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers that can dissipate energy depending on the intensity of the impact, to optical devices that can transition from clear to opaque.

The research is published in Nature.

"We are just scratching the surface of what is possible with this new class of fluid," said Adel Djellouli, a Research Associate in Materials Science and Mechanical Engineering at SEAS and first author of the paper. "With this one platform, you could do so many different things in so many different fields."

Metamaterials -- artificially engineered materials whose properties are determined by their structure rather than composition -- have been widely used in a range of applications for years. But most of the materials -- such as the metalenses pioneered in the lab of Federico Capasso, Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering at SEAS -- are solid.

"Unlike solid metamaterials, metafluids have the unique ability to flow and adapt to the shape of their container," said Katia Bertoldi, William and Ami Kuan Danoff Professor of Applied Mechanics at SEAS and senior author of the paper. "Our goal was to create a metafluid that not only possesses these remarkable attributes but also provides a platform for programmable viscosity, compressibility and optical properties."

Using a highly scalable fabrication technique developed in the lab of David A. Weitz, Mallinckrodt Professor of Physics and of Applied Physics at SEAS, the research team produced hundreds of thousands of these highly-deformable spherical capsules filled with air and suspended them in silicon oil. When the pressure inside the liquid increases, the capsules collapse, forming a lens-like half sphere. When that pressure is removed, the capsules pop back into their spherical shape.




That transition changes many of the liquid's properties, including its viscosity and opacity. Those properties can be tuned by changing the number, thickness and size of the capsules in the liquid.

The researchers demonstrated the programmability of the liquid by loading the metafluid into a hydraulic robotic gripper and having the gripper pick up a glass bottle, an egg and a blueberry. In a traditional hydraulic system powered by simple air or water, the robot would need some kind of sensing or external control to be able to adjust its grip and pick up all three objects without crushing them.

But with the metafluid, no sensing is needed. The liquid itself responds to different pressures, changing its compliance to adjust the force of the gripper to be able to pick up a heavy bottle, a delicate egg and a small blueberry, with no additional programming.

"We show that we can use this fluid to endow intelligence into a simple robot," said Djellouli.

The team also demonstrated a fluidic logic gate that can be reprogrammed by changing the metafluid.

The metafluid also changes its optical properties when exposed to changing pressures.




When the capsules are round, they scatter light, making the liquid opaque, much like air bubbles make aerated water appear white. But when pressure is applied and the capsules collapse, they act like microlenses, focusing light and making the liquid transparent. These optical properties could be used for a range of applications, such as e-inks that change color based on pressure.

The researchers also showed that when the capsules are spherical, the metafluid behaves like a Newtonian fluid, meaning its viscosity only changes in response to temperature. However, when the capsules are collapsed, the suspension transforms into a non-Newtonian fluid, meaning that its viscosity will change in response to shear force -- the greater the shear force, the more fluid it becomes. This is the first metafluid that has been shown to transition between Newtonian and non-Newtonian states.

Next, the researchers aim to explore the acoustic and thermodynamic properties of the metafluid.

"The application space for these scalable, easy-to-produce metafluids is huge," said Bertoldi.

Harvard's Office of Technology Development has protected the intellectual property associated with this research and is exploring commercialization opportunities.

The research was supported in part by the NSF through the Harvard University Materials Research Science and Engineering Center grant number DMR-2011754.

It was co-authored by Bert Van Raemdonck, Yang Wang, Yi Yang, Anthony Caillaud, David Weitz, Shmuel Rubinstein and Benjamin Gorissen.
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Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments | ScienceDaily
Scientists from the Quadram Institute and UK Health Security Agency have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.


						
In 2019, six people died from a listeria outbreak caused by contaminated ready-to-eat foods served in a number of hospitals across the UK. In light of this, scientists are now performing vital research which helps to understand how these pathogens can persist in ready-to-eat food preparation environments.

Listeria monocytogenes is a foodborne bacterium that causes an illness called listeriosis. Symptoms for healthy individuals include a high temperature, aches and pains, feeling or being sick; but infection in those who are pregnant, elderly or immunocompromised, can lead to death.

The safety of foods is therefore paramount within the food industry. However, even in the face of well-implemented strategies to disinfect facilities and control for microbial risks, microbes such as listeria can occasionally breach food safety barriers and cross-contaminate food products. This is particularly dangerous in ready-to-eat foods where consumers will not kill contaminating bacteria by heating the food before eating it. Despite this danger, very little research has been done to understand the bacteria in ready-to-eat food production environments.

Researchers wanted to understand the potential sources of cross contamination and the factors that contribute to the survival of L. monocytogenes in these environments,particularly the communities of other microbes that support and protect it.

They began by sampling the floor of a ready-to-eat food factory that had recurrently detected L. monocytogenes in specific non-food contact areas of the factory. They sampled different sites: a preparation area, where ingredients were kept at 4degC, and a production area where they assembled and packaged the food, kept at 10degC. They aimed to measure the changes of bacterial communities over time, so they sampled the sites over ten weeks, before and after cleaning. They then cultured and performed genetic analysis on the samples to identify which bacteria were present and in what proportions.

The results showed that the populations of bacteria that coexist with L. monocytogenes were stable over time and have adapted to the conditions on the factory floor, including food safety controls. Maria Diaz from the Quadram Institute and lead of the study explains, "as L. monocytogenes is supported by a stable community of other bacteria, we may now need to develop new strategies to alter the whole bacterial population to effectively eliminate the pathogen."

While the overall bacterial populations, and proportions of bacteria were stable before and after cleaning, Maria explains that we cannot assume cleaning efforts do not work. "The populations are very stable, and cleaning is not shifting the composition -- it's not letting one bacterium grow over another. After cleaning, the bacteria reduce in numbers and the bacterial load is lower, making cross contamination less likely."




There was a marked difference, however, between the different areas of the factory at different temperatures; suggesting that the bacterial populations are highly adapted to the different environments within the factory. It also suggests that the bacteria present in the factory are established populations rather than bacteria introduced from outside sources -- as despite movement of personnel between them, the populations remained stable.

While the factory had listeria under control at the time of sampling, this new research is important for understanding the different communities of microbes in different environments across ready-to eat-food facilities. Researchers hope that understanding how listeria survives in these environments could inform more accurate laboratory testing of cleaning methods. Maria adds, "thanks to this research, we can better understand the lifestyle of this pathogen and start to develop laboratory models that allow us to investigate new ways of killing listeria."

Maria Diaz will present her data at this year's Microbiology Society Annual Conference which will take place at Edinburgh International Convention Centre. Her talk "Deciphering microbial dynamics in a Ready-to-Eat Food production facility: Insights into Listeria monocytogenes persistence" will take place on 11 April.
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A simple way to harvest more 'blue energy' from waves | ScienceDaily
As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved "blue energy" harvesting device. Researchers report in ACS Energy Letters that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.


						
The tube-shaped wave-energy harvesting device improved upon by the researchers is called a liquid-solid triboelectric nanogenerator (TENG). The TENG converts mechanical energy into electricity as water sloshes back and forth against the inside of the tube. One reason these devices aren't yet practical for large-scale applications is their low energy output. Guozhang Dai, Kai Yin, Junliang Yan and colleagues aimed to increase a liquid-solid TENG's energy harvesting ability by optimizing the location of the energy-collecting electrode.

The researchers used 16-inch clear plastic tubes to create two TENGs. Inside the first device, they placed a copper foil electrode at the center of the tube -- the usual location in conventional liquid-solid TENGs. For the new design, they inserted a copper foil electrode at one end of the tube. The researchers then filled the tubes a quarter of the way with water and sealed the ends. A wire connected the electrodes to an external circuit.

Placing both devices on a benchtop rocker moved water back and forth within the tubes and generated electrical currents by converting mechanical energy -- the friction from water hitting or sliding against the electrodes -- into electricity. Compared to the conventional design, the researchers found that the optimized design increased the device's conversion of mechanical energy to electrical current 2.4 times. In another experiment, the optimized TENG blinked an array of 35 LEDs on and off as water entered the section of the tube covered by the electrode and then flowed away, respectively. The researchers say these demonstrations lay the foundation for larger scale blue-energy harvesting from ocean waves and show their device's potential for other applications like wireless underwater signaling communications.

The authors acknowledge funding from the National Natural Science Foundation of China and the National Key Research and Development Program of China, and acknowledge computing resources from the High Performance Computing Center of Central South University.
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New step in tectonic squeeze that turns seafloor into mountains | ScienceDaily
Scientists use tiny minerals called zircons as geologic timekeepers. Often no bigger than a grain of sand, these crystals record chemical signatures of the geological environment where they formed. In a new study led by scientists at The University of Texas at Austin, researchers used them to describe what could be an overlooked step in a fundamental tectonic process that raises seafloors into mountains.


						
In a study published in the journal Geology, the researchers describe zircons from the Andes mountains of Patagonia. Although the zircons formed when tectonic plates were colliding, they have a chemical signature associated with when the plates were moving apart.

The researchers think that the unexpected signature could be explained by the mechanics of underlying tectonic plates that hasn't yet been described in other models. This missing step involves a sort of geologic juicing in a magma chamber where zircons form before they reach the surface, with oceanic crust entering the chamber ahead of continental crust.

"If you put some oceanic basin below this magma, you have a change in the composition of this magma as it's incorporated," said the study's lead author Fernando Rey, a doctoral student at the UT Jackson School of Geosciences. "This is something that was not documented before this study."

This theory of oceanic magma mixing is important because it could represent a transitional step in the formation of back arc basins -- an important geological structure that shapes landscapes, geologic records and helps regulate the planet's climate.

These basins form between oceanic and continental tectonic plates, opening up as the plates move apart and closing as they come back together. While the opening of the basin creates oceanic crust, its closing squeezes the crust into mountains -- bringing a geologic record of Earth history to the surface where humans can more easily access it, said coauthor Matt Malkowski, an assistant professor at the Jackson School's Department of Earth and Planetary Sciences. What's more, the weathering of the ocean crust is a major driver of natural carbon dioxide storage. "This is the Earth's way of sequestering carbon. Very effective on its own, but it may take hundreds of thousands if not millions of years," said Malkowski.

Malkowski collected the zircons examined in the study from rock and sediment samples at a field site in Patagonia. The samples captured the entire record of the back arc basin, called the Rocas Verdes Basin, from opening to closing.




When Rey started analyzing the chemical signatures of the zircons, nothing looked out of place at first. The zircons associated with an opening basin had the expected signature. However, when he started examining zircons associated with the closing of the basin, the signature didn't undergo the expected chemical shift -- known to scientists as a "pull down" because of the way data plotting the isotope ratios goes from steadily rising to falling down.

When that pull down signature didn't show up until 200 million years later, appearing in zircons that formed 30 million years ago when the basin was already well into its closure phase, Rey and his collaborators hypothesized a scenario that could help explain the data.

In their paper, they propose a model where the same tectonic forces that squeeze the oceanic crust into mountains could be underthrusting parts of that crust and pushing it toward the magmatic chamber where the zircons are formed -- influencing the chemical signatures recorded in the crystals during the early to middle stages of closure. As the continents continue to squeeze together, the oceanic crust is eventually replaced by continental crust, the source of the pulldown signal.

The researchers think this transitional phase where zircons are juiced by oceanic crust could be part of back arc basins around the world. But there's a good reason why it hasn't been observed before, said Rey. Most back arc basins close faster than Patagonia did -- in a few million years rather than tens of millions of years -- meaning a shorter window of time in which these zircons can form.

Now that scientists have discovered this zircon signal in Patagonia, they can start looking for signs of it in zircons from other places. Rey is currently analyzing zircons from the Sea of Japan -- a modern back arc basin that's in the early stages of closure -- to see if there's signs of oceanic crust influencing the zircon signature.

This research adds to a record of discovery about back arc basins at UT Austin, said Malkowski. Professor Ian Dalziel authored a well-known Nature paper in 1974 that first recognized the Andes of Patagonia as forming due to back arc basin closure.

"Here we are 50 years later, and we're still learning new things about these rocks," Malkowski said.

The research was funded by the National Science Foundation and UT Austin.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240402192616.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First results from BREAD experiment demonstrate a new approach to searching for dark matter | ScienceDaily
One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it's no minor thing -- currently, scientists think it makes up about 85% of all the mass in the universe.


						
A new experiment by a collaboration led by the University of Chicago and Fermi National Accelerator Laboratory, known as the Broadband Reflector Experiment for Axion Detection or BREAD, has released its first results in the search for dark matter in a study published in Physical Review Letters. Though they did not find dark matter, they narrowed the constraints for where it might be and demonstrated a unique approach that may speed up the search for the mysterious substance, at relatively little space and cost.

"We're very excited about what we've been able to do so far," said UChicago Assoc. Prof. David Miller, co-leader for the experiment alongside Fermilab's Andrew Sonnenschein, who originally developed the concept for the experiment. "There are lots of practical advantages to this design, and we've already shown the best sensitivity to date in this 11-12 gigahertz frequency."

"This result is a milestone for our concept, demonstrating for the first time the power of our approach," said Fermilab postdoctoral scholar and study lead author Stefan Knirck, who spearheaded the construction and operation of the detector. "It is great to do this kind of creative tabletop-scale science, where a small team can do everything from building the experiment to data analysis, but still have a great impact on modern particle physics."

'Something is there'

When we look around the universe, we can see that some kind of substance is exerting enough gravity to pull on stars and galaxies and passing light, but no telescope or device has ever directly picked up the source -- hence the name 'dark matter.'

However, because no one has ever seen dark matter, we don't even know exactly what it might look like or even precisely where to look for it. "We're very confident that something is there, but there are many, many forms it could take," said Miller.




Scientists have mapped out several of the most likely options for places and forms to look. Typically, the approach has been to build detectors to very thoroughly search one specific area (in this case, set of frequencies) in order to rule it out.

But a team of scientists explored a different approach. Their design is "broadband," meaning that it can search a larger set of possibilities, albeit with slightly less precision.

"If you think about it like a radio, the search for dark matter is like tuning the dial to search for one particular radio station, except there are a million frequencies to check through," said Miller. "Our method is like doing a scan of 100,000 radio stations, rather than a few very thoroughly."

A proof of concept

The BREAD detector searches for a specific subset of possibilities. It's built to look for dark matter in the form of what are known as "axions" or "dark photons" -- particles with extremely small masses that could be converted into a visible photon under the right circumstances.

Fermilab's Stefan Knirck with components of the BREAD detector.




Thus, BREAD consists of a metal tube containing a curved surface that catches and funnels potential photons to a sensor at one end. The entire thing is small enough to fit your arms around, which is unusual for these types of experiments.

In the full-scale version, BREAD will be settled inside a magnet to generate a strong magnetic field, which ups the chances of converting dark matter particles into photons.

For the proof of principle, however, the team ran the experiment sans magnets. The collaboration ran the prototype device at UChicago for about a month and analyzed the data.

The results are very promising, showing very high sensitivity in the chosen frequency, the scientists said.

Since the results published in Physical Review Letters were accepted, BREAD has been moved inside a repurposed MRI magnet at Argonne National Laboratory and is taking more data. Its eventual home, at Fermi National Accelerator Laboratory, will use an even stronger magnet.

"This is just the first step in a series of exciting experiments we are planning," said Sonnenschein. "We have many ideas for improving the sensitivity of our axion search."

"There are still so many open questions in science, and an enormous space for creative new ideas for tackling those questions," said Miller. "I think this is a really hallmark example of those kind of creative ideas -- in this case, impactful, collaborative partnerships between smaller-scale science at universities and larger-scale science at national laboratories."

The BREAD instrument was built at Fermilab as part of the laboratory's detector R&D program and then operated at UChicago, where the data for this study were collected. UChicago Ph.D graduate student Gabe Hoshino led the operation of the detector, along with undergraduate students Alex Lapuente and Mira Littmann.

Argonne National Laboratory maintains an important magnet facility that will be used for the next stage of the BREAD physics program. Other institutions, including SLAC National Accelerator Laboratory, Lawrence Livermore National Laboratory, Illinois Institute of Technology, MIT, the Jet Propulsion Laboratory, the University of Washington, Caltech, and the University of Illinois at Urbana-Champaign, are working with UChicago and Fermilab on R&D for future versions of the experiment.

Funding: U.S. Department of Energy Office of Science, University of Chicago Joint Task Force Initiative, Cambridge Junior Research Fellowship, Kavli Institute for Particle Astrophysics and Cosmology Porat Fellowship.
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Chicks show vision and touch linked at birth | ScienceDaily
Newly hatched chicks raised in darkness and allowed to touch either a smooth or bumpy cube for 24 hours instantly recognised the object with their vision upon first exposure to light. This suggests chicks can link touch and vision without any prior experience combining these senses, challenging the long-held belief that such integration requires learning. The discovery implies a pre-wired ability in the brain for cross-modal perception, potentially redefining our understanding of animal cognition and sensory processing.


						
In a study published in Biology Letters, researchers at Queen Mary University of London have cracked a centuries-old philosophical question about sight and touch. Led by Dr Elisabetta Versace, the team used chicks to finally answer the question posed by William Molyneux in 1688: can someone born blind instantly recognize objects by sight after gaining vision?

Molyneux proposed a scenario where a person blind from birth learns to distinguish a cube from a sphere by touch. Would they then be able to recognise these shapes visually upon gaining sight? Studying this question in humans is ethically challenging. However, Dr Versace and her team used chicks, which hatch with well-developed sensory systems.

"Unlike humans and other mammals," explains Dr Versace, Senior Lecturer at the School of Biological and Behavioural Sciences, chicks hatch with developed sensory systems. This allowed us to raise them in darkness and expose them to either a smooth or bumpy object for the first 24 hours of their lives -- their first ever tactile experience."

Remarkably, when exposed to light for the first time, chicks that had touched a smooth object preferentially approached the visual representation of a smooth object, and vice versa. This suggests that chicks can inherently link touch with sight, even without any prior visual experience.

"This finding contradicts traditional theories," says Dr Versace. "It suggests our brains are pre-wired to make connections between different senses, even before we have ever used them together."

This breakthrough opens exciting new avenues in understanding how our brains process information across different senses. It could also lead to a deeper understanding of how our senses develop and interact with the world around us.
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Elastocaloric cooling: Refrigerator cools by flexing artificial muscles | ScienceDaily
There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype that the team led by professors Stefan Seelecke and Paul Motzki will be presenting at the Hannover Messe from 22 to 26 April is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods. The research team is developing the new heating and cooling technology in multiple research projects at Saarland University and the Center for Mechatronics and Automation Technology (ZeMa).


						
The new technology, which is now integrated into a small, compact refrigerator prototype, is based on an incredibly simple principle: heat is removed from a space by stretching wires and releasing them again. Known as 'artificial muscles', the shape-memory wires made of super-elastic nitinol absorb heat in the cooling chamber and release it to the outer environment. 'Our elastocaloric process enables us to achieve temperature differences of around 20 degrees Celsius without using climate-damaging refrigerants in a far more energy-efficient manner than today's conventional technologies,' explains Professor Stefan Seelecke, who conducts research at Saarland University and the Saarbrucken Center for Mechatronics and Automation Technology (ZeMa).

The efficiency of elastocaloric materials is more than ten times that of today's air conditioning systems or refrigerators. The U.S. Department of Energy and the EU Commission have declared the cooling technology developed in Saarbrucken to be the most promising alternative to existing processes. It can extract heat from much larger spaces than the small cooling chamber which the engineers are now using to demonstrate elastocalorics at the Hannover Messe. And it can also supply heat to much larger spaces. Heat transfer via the superelastic wires also works for heating applications. In view of climate change, energy shortages and the growing demand for cooling and heating, the process represents a highly promising solution for the future.

To transport heat, the researchers use the special 'superpower' of the artificial muscles made of nitinol: shape memory. Wires made of this alloy remember their original shape and revert to it after they have been deformed or stretched. Like muscles flexing, they can become long and then short again, and are also able to tense and relax. The reason for this lies deep inside the nitinol, which has two crystal lattices -- two phases that can transform into each other. Unlike water, whose phases are solid, liquid and gaseous, the two phases of nitinol are both solid. During these phase transitions of the crystalline structure, the wires absorb heat and release it again: 'The shape-memory material releases heat when it is stretched in a superelastic state and absorbs heat when it is released,' explains Professor Paul Motzki, who holds a cross-institutional professorship at Saarland University and ZeMa, where he heads the Smart Material Systems research group. The effect is intensified if numerous wires are bundled together -- due to their larger surface area, they absorb and release more heat.

Although the principle may at first seem very simple, the research questions that need to be addressed to construct a cooling circuit are highly complex. In the mini-fridge that the research team is currently presenting in Hanover, a specially designed, patented cam drive continuously rotates bundles of 200 micron-thin nitinol wires around a circular cooling chamber: 'As they move in a circle, they are mechanically loaded on one side, i.e. stretched, and unloaded on the other,' explains PhD student Lukas Ehl, who is working on the cooling system. Air is channelled past the rotating bundles into the cooling chamber, where the wires are unloaded and absorb heat from the air. The air then circulates continuously around unloaded wires in the cooling chamber. As they continue to rotate, the wires transport heat out of the cooling chamber and release it when stretched outside the cooling chamber. 'The cooling chamber cools to around 10-12 degrees Celsius using this method,' says student Nicolas Scherer, who is conducting research in the project as part of his Master's thesis.

The engineers in Saarbrucken are researching how the drive keeps the wires permanently in motion, what the air flows look like, in what way the processes are most efficient, how many wires they need to bundle, how strongly they should ideally be stretched for a certain cooling level and much more. They have also developed software that enables them to adjust the heating and cooling technology for different applications and to simulate and plan cooling systems. And they are researching the entire cycle from material production and recycling through to production.

Refrigerators are only just the start. 'We want to leverage the innovative potential of elastocalorics in a wide range of applications, such as industrial cooling, electric vehicle cooling to advance e-mobility and also household appliances,' explains Paul Motzki.

The new technology is the result of over a decade of research in several million-euro research projects and multiple award-winning doctoral dissertation projects. Project funding has come in part from the EU and the German Research Foundation (DFG). The Federal Ministry of Education and Research is investing more than 17 million euros in the DEPART!Saar project, in which the researchers are collaborating with other research institutions and industrial partners. The aim is to give rise to new technology transfer formats and accelerate the path to the market. In several research projects and doctoral dissertation projects, the engineers have also developed a cooling and heating demonstrator that runs continuously and shows how elastocalorics can cool and heat air.

At the Hannover Messe, the Saarbrucken-based experts for smart material systems will also be demonstrating the versatility of their shape memory technology in the form of smart miniature drives, energy-efficient robotic grippers and soft robotic arms in the shape of elephant trunks.
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Last chance to record archaic Greek language 'heading for extinction' | ScienceDaily
A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.


						
The initiative, led by Professor Ioanna Sitaridou from the University of Cambridge, contributes to the UN's International Decade of Indigenous Languages (2022-32), which aims 'to draw global attention on the critical situation of many indigenous languages and to mobilise stakeholders and resources for their preservation, revitalization and promotion.'

Romeyka is thought to have only a couple of thousand native speakers left in Turkey's Trabzon region, but the precise number is hard to calculate especially because of the fact that there is also a large number of heritage speakers in the diaspora and the ongoing language shift to Turkish.

Romeyka does not have a writing system and has been transmitted only orally. Extensive contact with Turkish, the absence of support mechanisms to facilitate intergenerational transmission, socio-cultural stigma, and migration have all taken their toll on Romeyka. A high proportion of native speakers in Trabzon are over 65 years of age and fewer young people are learning the language.

The newly launched trilingual Crowdsourcing Romeyka platform (https://crowdsource.romeyka.org/) invites members of the public from anywhere in the world to upload audio recordings of Romeyka being spoken.

"Speech crowdsourcing is a new tool which helps speakers build a repository of spoken data for their endangered languages while allowing researchers to document these languages, but also motivating speakers to appreciate their own linguistic heritage. At the same time, by creating a permanent monument of their language, it can help speakers achieve acknowledgement of their identity from people outside of their speech community," said Prof. Sitaridou, who has been studying Romeyka for the last 16 years.

The innovative tool is designed by a Harvard undergraduate in Computer Science, Mr Matthew Nazari, himself a heritage speaker of Aramaic. Together they hope that this new tool will also pave the way for the production of language materials in a naturalistic learning environment away from the classroom, but based instead around everyday use, orality, and community.




To coincide with the platform's launch, Sitaridou is unveiling major new findings about the language's development and grammar at an exhibition in Greece (details below).

Sitaridou's most important findings include the conclusion that Romeyka descends from Hellenistic Greek not Medieval Greek, making it distinct from other Modern Greek dialects. "Romeyka is a sister, rather than a daughter, of Modern Greek," said Sitaridou, a Fellow of Queens' College and Professor of Spanish and Historical Linguistics in Cambridge's Faculty of Modern and Medieval Languages and Linguistics. "Essentially this analysis unsettles the claim that Modern Greek is an isolate language."

Over the last 150 years, only four fieldworkers have collected data on Romeyka in Trabzon. By engaging with local communities, particularly female speakers, Sitaridou has amassed the largest collection of audio and video data in existence collected monolingually and amounting to more than 29GB of ethically sourced data, and has authored 21 peer-reviewed publications. A YouTube film about Sitaridou's fieldwork has received 723,000 views to-date.

Grammar and a new phylogeny for Greek

Sitaridou's analysis of the Romeyka infinitive is key. All other Greek dialects known today have stopped using the infinitive found in ancient Greek. So speakers of Modern Greek would say I want that I go instead of I want to go. But, in Romeyka, the infinitive lives on and Sitaridou has observed uncontroversial proof that this Ancient Greek infinitive can be dated back to Hellenistic Greek due to its preservation in a structure which became obsolete by early Mediaeval times in all other Greek varieties, but continued to be used in Romeyka while also undergoing a cross-linguistically rare mutation to a negative item.

Sitaridou's findings have significant implications for our understanding of the evolution of Greek, because they suggest that there is more than one Greek language on a par with the Romance languages (which all derived out of Vulgar Latin rather than out of each other).




Historical context and new field work sites

The roots of the Greek presence in the Black Sea are steeped in myth: from the journey of Jason and the Argonauts to Colchis, to the Amazons. But what we know is that the Greeks began to spread around the Black Sea from approximately the 6th Century BCE. Ionians founded Miletus, which, in turn, founded Sinope, which, eventually, colonized Trebizond. In the Pontus, the language of the first Greek colonizers of Trebizond was the Ionic Greek of Sinope.

In the 4th Century BCE, the passage of Alexander the Great's army contributed to the creation of another Greek-speaking centre, to the South of Pontus, at Cappadocia. It is possible that from Cappadocia, Greek may have also spread northwards towards Pontus.

However, the decisive phase for the expansion of the Greek language seems to be Christianization. The inhabitants of Pontus were among the first converts and are mentioned in the New Testament. The Soumela monastery was founded in 386 CE, around 20 years after the region officially adopted Christianity. The fall of Trebizond to the Ottomans in 1461 led to the city becoming majority Muslim.

Prof. Sitaridou said: "Conversion to Islam across Asia Minor was usually accompanied by a linguistic shift to Turkish, but communities in the valleys retained Romeyka. And because of Islamization, they retained some archaic features while the Greek-speaking communities who remained Christian grew closer to Modern Greek, especially because of extensive schooling in Greek in the 19th and early 20th centuries."

Recently, Prof. Sitaridou started field working in a new site, Tonya, where no other field worker has ever reached, only to reveal significant grammatical variation between the valleys indicating different Islamisation onset. In a publication, to appear soon, it is argued that both the syntax of subordination and negation systems in Tonya show different patterns and thus diachronic development from the Caykara variety.

In 1923, under the Greco-Turkish population exchange, Greek-speaking Christians of Pontus were forced to leave Turkey and relocate to Greece while Romeyka-speaking Muslim communities in the Trabzon area remained in their homeland as they professed Islam, explaining why this Greek variety is still spoken in small enclaves in the region. Since 1923 and until very recently the two speech communities were oblivious of each other's existence.

Preservation of heritage languages and why it matters

Speakers are still reluctant to identify Romeyka as one of their languages since, for Turkish nationalists, speaking Greek goes against the very fundamentals of one's belonging. From a Greek nationalist perspective, these varieties are deemed 'contaminated' and/or disruptive to the ideology of one single Greek language spoken uninterruptedly since antiquity, as Sitaridou explains in an article which is about to be published by the Laz Institute in Istanbul.

In Greece, Turkey and beyond, Sitaridou has used her research to raise awareness of Romeyka, stimulate language preservation efforts and enhance attitudes. In Greece, for instance, Sitaridou co-introduced a pioneering new course on Pontic Greek at the Democritus University of Thrace since the number of speakers of Pontic Greek is also dwindling.

"Raising the status of minority and heritage languages is crucial to social cohesion, not just in this region, but all over the world," Prof. Sitaridou said. "When speakers can speak their home languages they feel "seen" and thus they feel more connected to the rest of the society; on the other hand, not speaking the heritage or minority languages creates some form of trauma which in fact undermines the integration which linguistic assimilation takes pride in achieving."

The same ethos traverses a new AHRC-funded project about the documentation of a critically endangered language, Sri Lanka Portuguese, among Afrodescent communities in north-western Sri Lanka. Sitaridou will be documenting and analysing manja, the only remaining linguistic and cultural expression of African heritage for these communities.

Exhibition at Mohamed Ali's historical House in Kavala this April

The Romeyka exhibition (http://www.romeyka.org/mohaexhibition/index-en.html) runs at the MOHA Research Centre in Kavala, Greece, from 29th March -- 28th April 2024.

The exhibition features previously unpublished archival material from Exeter College, Oxford and photographic material from British School of Athens which give us a glimpse into the Greek-speaking communities and language in the southern Black Sea shores 110 years ago taken by R.M. Dawkins, one of the first field workers in the area. This is combined with photographs and video material from Prof. Sitaridou's own fieldwork, interspersed with panels and audio material to communicate her linguistic findings.

The exhibition aims to generate further reflections on endangered heritages, fragmented and shared identities and collective memory as well as helping us get a better grasp of multilingualism, localised experiences, intergenerational stories of co-existence and displacement, diasporic selves and language loss, and alternative modalities of being and belonging both in Greece and Turkey.
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Sunrise to sunset, new window coating blocks heat -- not view | ScienceDaily
Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.


						
"The angle between the sunshine and your window is always changing," said Tengfei Luo, the Dorini Family Professor for Energy Studies at the University of Notre Dame and the lead of the study. "Our coating maintains functionality and efficiency whatever the sun's position in the sky."

Window coatings used in many recent studies are optimized for light that enters a room at a 90-degree angle. Yet at noon, often the hottest time of the day, the sun's rays enter vertically installed windows at oblique angles.

Luo and his postdoctoral associate Seongmin Kim previously fabricated a transparent window coating by stacking ultra-thin layers of silica, alumina and titanium oxide on a glass base. A micrometer-thick silicon polymer was added to enhance the structure's cooling power by reflecting thermal radiation through the atmospheric window and into outer space.

Additional optimization of the order of the layers was necessary to ensure the coating would accommodate multiple angles of solar light. However, a trial-and-error approach was not practical, given the immense number of possible combinations, Luo said.

To shuffle the layers into an optimal configuration -- one that maximized the transmission of visible light while minimizing the passage of heat-producing wavelengths -- the team used quantum computing, or more specifically, quantum annealing, and validated their results experimentally.

Their model produced a coating that both maintained transparency and reduced temperature by 5.4 to 7.2 degrees Celsius in a model room, even when light was transmitted in a broad range of angles. The lab's results were recently published in Cell Reports Physical Science.

"Like polarized sunglasses, our coating lessens the intensity of incoming light, but, unlike sunglasses, our coating remains clear and effective even when you tilt it at different angles," Luo said.

The active learning and quantum computing scheme developed to create this coating can be used to design of a broad range of materials with complex properties.
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Increasing positive affect in adolescence could lead to improved health and well-being in adulthood | ScienceDaily
Adolescents with high positive affect may have improved physical and mental health as adults, according to a study published April 2 in the open-access journal PLOS Medicine by Eric Kim and Renae Wilkinson from Harvard University, US, and colleagues.


						
Positive affect is the experience of pleasurable emotions, such as happiness, joy, excitement, and calm. Research on adults has shown that positive affect is associated with healthier behaviors and decreased risk of chronic diseases, but data are limited in adolescents. Given that adolescence is a critical time for establishing healthy mindsets and behaviors, it represents a key period for interventions aimed at setting people on a healthier life course.

In this study, researchers used data from a prospective, representative sample of approximately 10,000 U.S. adolescents in grades 7-12 (aged about 15-18) in the mid-1990s who were followed into adulthood. Participants reported on aspects of their background, health, and well-being at several time points throughout the study.

The researchers grouped participants based on how much their positive affect increased over one year during adolescence. They then assessed whether adolescents with a higher increase in positive affect had healthier outcomes as adults based on 41 outcomes related to physical health, healthy behavior, mental and psychological well-being, and prosocial behavior.

The results show that adolescents with higher increases in positive affect scored higher on several outcomes within each of these categories, even after controlling for demographic and other variables that may bias the results. One of the biggest effects was seen in mental health, where positive affect was associated with a lower likelihood of ADD/ADHD, anxiety, depression, and stress.

The study suggests that interventions designed to improve positive affect may have enduring impacts into adulthood, though the researchers note the limitations in using self-reported data and the possibility of additional confounding factors that they didn't consider.

The authors add, "Several prominent organizations like the OECD, WHO, and UN are advocating for nations to integrate well-being indicators alongside economic indicators when sculpting policies. Emerging evidence from randomized controlled trials aimed at individuals, and case studies of successful policies aimed at entire populations, suggest positive affect can be enhanced. Our findings suggest that targeting positive affect during adolescence, a critical developmental phase for acquiring health assets and establishing healthy mindsets, is a promising point of intervention that might enhance the trajectory of health/well-being in adulthood."
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A new estimate of U.S. soil organic carbon to improve Earth system models | ScienceDaily
Soil contains about twice as much carbon as the atmosphere and plants combined. It is a major carbon sink, capable of absorbing more carbon dioxide from the atmosphere than it releases. Management of soil carbon is key in efforts to mitigate climate change, in addition to being vital to soil health and agricultural productivity.


						
Measuring soil carbon, however, is a painstaking, expensive process. Samples must be dug from the ground and sent to a lab for analysis, making upscaling measurements on a large spatial scale challenging.

Now environmental scientists have combined field-level data with machine-learning techniques to estimate soil organic carbon at the U.S. continental scale. The Journal of Geophysical Research -- Biogeosciences published the new soil organic carbon estimate, which improves the overall estimate for the United States and gives new insights into the effects of environmental variables on soil organic carbon.

"There is growing recognition that soil organic carbon is important and that we should invest in building it up through sustainable land management practices," says Debjani Sihi, senior author of the study and assistant professor of environmental sciences at Emory University. "Our estimate is more accurate than existing estimates and provides a better benchmark to guide policymakers and land managers in adopting climate-smart practices."

Land is far more efficient than the ocean at retaining carbon, Sihi notes, and offers one possible nature-based solution to help mitigate climate change.

"We could potentially create conditions," she explains, "that are favorable for soil to capture carbon dioxide from the atmosphere and lock it there for a really long time -- over millennia."

Sihi is a biogeochemist who studies environmental and sustainability issues at the nexus of soil and climate.




First author of the current paper is Zhuonan Wang, a former postdoctoral fellow in Sihi's lab who is now at Colorado State University.

Digging into soil data

Soil organic carbon is made up of plant and animal matter in various states of decomposition. While inorganic carbon is also found in the soil in the form of carbonate minerals, organic carbon is usually the largest proportion and the most important driver of soil biology and quality.

The U.S. Department of Agriculture maintains the National Cooperative Soil Survey soil characterization database. This data was gathered over decades both by walking over the land and observing and by digging up core samples and sending them to laboratories for analysis. Measuring soil organic carbon, for example, requires digging a core to the root zone, about 30 centimeters deep to obtain a topsoil profile and until the core hits bedrock to obtain an entire soil profile.

Soil sampling is done in other parts of the world as well. The International Soil Organic Carbon Network encompasses more than 430,000 soil profiles, drawn from across the globe. Scientists use such data to create "soil maps," or estimates of soil characteristics in various regions. One well-known soil map is the Harmonized World Soil Database, developed by the United Nations' Food and Agricultural Organization and collaborators. Another is SoilGrids, supported by the International Soil Reference and Information Center in the Netherlands.

Significant inconsistencies exist in the estimates of soil organic carbon within both the Harmonized World Soil Database and SoilGrids. Sihi and her team set out to see if they could resolve these inconsistencies within the United States estimates by finding more effective ways to scale up the soil-sampling data.




The researchers divided the United States -- including all 50 states and Puerto Rico -- into 20 different regions and created machine-learning models for each region. They obtained nearly 50,000 soil samples, ranging from 30 centimeters to one meter deep, from across these regions. They built their algorithms using these data samples for soil organic carbon, matched to precise geographic information system locations.

They also drew from additional open-source data to feed their models with 36 environmental variables, including details about the climate, topographical features of the land, biogeochemical properties of the soil and the amount of vegetation on the landscape.

A better benchmark for modeling Earth systems

The results showed that the new method provided more accurate estimates than both the Harmonized World Soil Database and SoilGrids for the top 30 centimeters of soil, where the most biologically active soil organic carbon tends to be concentrated.

The new method also revealed how the effects of environmental variables on soil organic carbon vary across regions. While climate was the most common predictor of soil organic carbon across most of the regions, the vegetation index tended to be more important in the arid areas of the southwest. Elevation was a key variable in regions that were mountainous or included a major river delta.

The researchers hope that others will apply their approach to other countries and continents where enough on-the-ground data is available.

"The beauty of our approach is that it gives us the power to identify regions with high uncertainty in our estimates and that helps us to guide future sampling efforts," Sihi says.

Considering environmental variables also increases the new model's flexibility as global temperatures rise due to climate change, causing soils to warm and alter rainfall patterns. It remains unclear, Sihi notes, if soils will continue to serve as a carbon sink or transform into a carbon source.

"To understand how soil carbon will change under a changing climate, we first need accurate estimates of current soil organic carbon levels and the key factors that influence them," Sihi says. "Our new estimate is a step toward getting more accurate baseline data to improve Earth system models for climate change."

Co-authors of the new estimate include Jitendra Kumar (Oak Ridge National Laboratory), Samantha Weintraub-Leff (National Ecological Observatory Network), Katherine Todd-Brown (University of Florida) and Umakant Mishra (Sandia National Laboratories).

The work was supported by the National Science Foundation and the U.S. Department of Energy.
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Scientists' urgent call: End destruction and forge a just, sustainable future | ScienceDaily

"Climate change, ecological destruction, disease, pollution, and socio-economic inequality are pressing global challenges facing humanity in the 21st century," said Chip Fletcher, lead author and interim Dean of the UH Manoa School of Ocean and Earth Science and Technology. "These crises are not isolated problems but are interwoven, exacerbate each other, and create amplifying feedbacks that pose a grave threat to both the environment and human well-being."

"Environmental and human health are inextricably linked," said David Karl, co-author and professor of oceanography at UH Manoa. "Urgent and comprehensive action is called for, including rapid decarbonization, fostering a more harmonious relationship with nature, and equitable human development."

Global cultural shift

The authors argue that centuries of imperialism, extractive capitalism, and population growth have pushed Earth's ecosystems beyond their limits, and created a broadening pattern of social inequality. The review summarizes the grave threats facing the planet but rejects a "doom and gloom" philosophy. Instead, the authors argue, the threats should motivate swift and substantial actions.

According to the authors, a global economic model focused on wealth accumulation and profit, rather than true sustainability, is a major impediment to decarbonization, conserving natural resources, and ensuring social equity. Therefore, the authors argue, governments should enforce radical, immediate cuts in fossil fuel use, eliminate environmentally harmful subsidies, and restrict trade that generates pollution or unsustainable consumption.

The most vulnerable human populations, those who bear the least responsibility, disproportionately bear the consequences of these interwoven global crises. The broadening pattern of this inequity breeds displacement, disease, disillusionment, and dissatisfaction that ultimately erode social cohesion.




A grossly unequal distribution of wealth has coupled with the increasing consumption patterns of a rising global middle class to amplify ecological destruction. Studies show that the poorest half of the global population owns barely 2% of total global wealth, while the richest 10% owns 76% of all wealth. The poorest 50% of the global population contribute just 10% of emissions, while the richest 10% emit more than 50% total carbon emissions. Climate change, economic inequality, and rising consumption levels intertwine to amplify ecological destruction.

Marine and terrestrial biomes face critical tipping points, while escalating challenges to food and water access foreshadow a bleak outlook for global security. The consequences of these actions are disproportionately borne by vulnerable populations, further entrenching global inequities.

"To avoid these consequences, we advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants," said Krista Hiser, professor of English at Kapiolani Community College at the University of Hawai'i.

Kinship with nature

The authors welcome signs that humanity is interested in changing its value system to prioritize justice and reciprocity within human societies and between humans and natural landscapes and ecosystems, which they see as the best route to true sustainability.

According to Phoebe Barnard, affiliate professor at the University of Washington, "The imperative is clear: to navigate away from this precipice, we must collectively harness political will, economic resources, and societal values to steer toward a future where human progress does not come at the cost of ecological integrity and social equity."

The authors call for a global cultural shift in values, aided by education, robust policy, economic incentives, cross-sector partnerships, community empowerment, corporate accountability, technological innovation, leadership, and cultural narratives delivered through art and media. They conclude that humanity must stop treating these issues as isolated challenges and establish a systemic response based on kinship with nature that recognizes Earth as our lifeboat in the cosmic sea of space.
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Even moderate alcohol usage during pregnancy linked to birth abnormalities | ScienceDaily
University of New Mexico researchers have found that even low to moderate alcohol use by pregnant patients may contribute to subtle changes in their babies' prenatal development, including lower birth length and a shorter duration of gestation.


						
In a new paper published in the journal Alcohol Clinical & Experimental Research, a team led by Ludmila Bakhireva, MD, PhD, MPH, professor and assistant dean for Clinical and Translational Research in the UNM College of Pharmacy, also reported some sex-related differences in the effects of drinking during pregnancy on the developing baby.

"In exploratory analyses, the effect on gestational age was more pronounced in male infants, and for birth length it actually was stronger in females," Bakhireva said. She cautioned that these effects should be interpreted with caution because of the study's limited statistical power to conduct sex-specific analyses and the challenges of accounting for other contributing factors.

The paper reported on three prospective studies conducted at UNM over the course of 10 years that followed 281 participants, most of whom were recruited in the second trimester of their pregnancies and then followed, along with their children, for some time afterward, she said.

There is a good deal of research on the prenatal effects of heavy alcohol use, usually defined as 14 drinks per week, or binge drinking, defined as four drinks or more per occasion, Bakhireva said.

"We know quite a bit from these earlier studies of heavy alcohol use about the effect on prenatal outcomes, especially preterm delivery and growth restriction, as well as neurodevelopmental outcomes, but we specifically focused on more moderate alcohol exposure because it's much more prevalent," she said.

Early pregnancy is a critical period for the formation of organs in the developing fetus, making it a particularly vulnerable window for alcohol exposure, Bakhireva said.




"Almost everybody drinks before they know they are pregnant, and risky drinking before pregnancy is predictive of drinking later on," she said. "That's a unique aspect of the study. We carefully looked at the patterns of drinking around conception and early pregnancy."

Most of the participants substantially reduced their drinking or stopped altogether once they learned they were pregnant, Bakhireva said. Even with reduced alcohol there were some deficits seen in both male and female infants, however.

She emphasizes that larger studies that combine samples across the country are needed to replicate the findings and examine sex-specific effects further.

Bakhireva is the principal investigator of the HEALthy Brain and Child Development study at UNM, part of a national initiative that will recruit 7,500 parent-child pairs and follow them for up to 10 years. "With that type of multi-site study, we'll have sufficient power to look at the effects of different patterns and timing of alcohol use in even a more nuanced way," she said.

The paper underscores messaging from the National Institute of Alcohol Abuse and Alcoholism -- that no amount of drinking during pregnancy is safe, she said.

"I think this study, as well as prior preclinical studies, show that even moderate alcohol use might have negative effects. The degree of negative effects might vary, and it is important to address alcohol use without the stigma often associated with it, but overall, if we try to encourage abstinence from alcohol during pregnancy, we will maximize positive health and developmental outcomes for the children."
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These plants evolved in Florida millions of years ago: They may be gone in decades | ScienceDaily
Scrub mints are among the most endangered plants you've probably never heard of. More than half of the 24 species currently known to exist are considered threatened or endangered at the state or federal level, and nearly all scrub mints grow in areas that are being rapidly developed or converted to agricultural pasture.


						
In a new study, researchers analyzed a distinct type of DNA marker, which shows there are likely more scrub mint species waiting to be scientifically described. And at least one species has been left without federal protection because of a technicality.

"The Titusville balm is currently considered to be a recent hybrid," said lead author Andre Naranjo, who conducted the study while completing a Ph.D. with the Florida Museum of Natural History. "When you describe something as a hybrid, that implies that it's not a true species, and it can't be protected under the Endangered Species Act."

Naranjo found no evidence for recent hybridization in Titusville balms (Dicerandra thinicola), and his results suggest that a group called the calamints may contain cryptic diversity that requires further study.

Scrub mints evolved during a period of rapid climate change

Naranjo and his colleagues conducted the study to learn about the evolutionary history of scrub mints. The group is native to the southeastern United States and originated during a turbulent time in Earth's past.

Three million years ago, during a period called the Pliocene, temperatures were 2-3 degrees C warmer than they are today, and sea levels were up to 30 meters higher. At the time, the central and southern half of Florida was an archipelago. But as temperatures cooled over the next several million years, the waters receded, and the Florida Peninsula took on its modern-day dimensions.




Much of this newly surfaced habitat wasn't exactly prime real estate. Where soils did exist, they were primarily composed of sand, and the cooler temperatures resulted in less rainfall. This was particularly true of the elevated areas that had been islands before sea levels fell.

What's left of these ancient shorelines is now located near the center of the Florida Peninsula and is often referred to as sand pine scrub. Plants and animals that moved into these vacant spaces had to contend with little water, few nutrients and rampant wildfires.

The species that managed to survive tended to do well within this narrow framework of harsh conditions but lost the ability to live just about anywhere else. Today, 40-60% species that live in these areas are endemic, meaning they can be found only in southeastern scrub habitats.

Scrub mints are among the few plants that staked a claim in the new Florida frontier. Originating in the panhandle, the ancestor of modern scrub mints dispersed south as soon as there was land to grow on.

At the height of the ice ages during the Pleistocene, when much of the planet's reserve of water was locked away in massive glaciers, Florida was up to twice the size it is today, and scrub mints flourished.

"These plants had a much wider range in the past and were readily sharing DNA with one another," Naranjo said.




But their habitat soon shrank. There were at least 17 ice ages during the Pleistocene, when scrub mints were evolving, and each cold period was separated by warm intervals in which much of Florida was swallowed by the sea.

Widespread scrub environments were repeatedly reduced to islands, severing the connection between mint populations. They began to grow apart, and soon each scrub island contained its own unique mint species. During the cold periods, when sea levels fell, scrub mint populations again overlapped, and these unique species hybridized with each other.

This ancient intermingling created the scrub mints as they're known today.

The storied history of scrub mints cut short by development

Naranjo sequenced nuclear DNA from scrub mints for the study. Unlike the plastid DNA often used to study plants, which is produced by structures called chloroplasts, the DNA from plant nuclei is especially useful for scientists trying to tease apart historical interactions between species.

According to his results, annual scrub mints in the genus Dicerandra -- which grow north into South Carolina and die back during the winter -- originated from a back-to-back hybridization event between the ancestors of perennial scrub mints, which have a distribution further south and grow year-round.

Hybridization is a common form of diversification in plants, so much so that nearly every group of plants you might come across has had a hybridization event occur at some point in its evolutionary history.

Crucially, Naranjo's findings indicate the scrub mints that currently exist have been on separate evolutionary trajectories for hundreds of thousands of years. When modern humans diverged from Neanderthals around 500,000 years ago, scrub mints were already well on their way to becoming separate species.

The study also suggests that calamints are genetically diverse, so much so that new species designations are likely warranted. This is especially true for those with large ranges in the southeastern U.S., including the scarlet calamint (Clinopodium coccineum) and Georgia calamint (Clinopodium georgianum), neither of which is considered to be endangered.

Even if additional species are afforded protection, Naranjo fears it may not be enough to stave off declines and eventual extinction. Lakela's mint (Dicerandra immaculata), for example, is listed as critically endangered and only grows along a three-mile stretch of scrub, almost all of which is privately owned.

Conditions that once allowed these plants to thrive, such as periodic wildfires, are now impractical, due to nearby urban areas that would be negatively affected. And invasive species are encroaching on what little pristine scrub is left. Work to remove invasives is often done by volunteers, if they're removed at all.

"If we continue with business as usual, this entire group of plants could go extinct within the next 100 years. And we won't just lose these species. We'll lose the scrub, one of the most truly authentic and formerly ubiquitous Florida habitats will just go away," Naranjo said.

The study was published in the journal Molecular Phylogenetics and Evolution.

Christine Edwards of the Missouri Botanical Garden, Matthew Gitzendanner of the University of Florida, and Pamela and Douglas Soltis of the Florida Museum of Natural History are also co-authors on the study.
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        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        Discovery of how limiting damage from an asthma attack could stop disease
        Scientists have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.

      

      
        Evolution in action? New study finds possibility of nitrogen-fixing organelles
        A new study finds that UCYN-A, a species of nitrogen-fixing cyanobacteria, may be evolving organelle-like characteristics.

      

      
        Early dinosaurs grew up fast, but they weren't the only ones
        The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a new study.

      

      
        Researchers map how the brain regulates emotions
        A new study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings provide new insights that could help inform therapeutic treatments regarding mental health and drug addiction.

      

      
        'Smart swarms' of tiny robots inspired by natural herd mentality
        Researchers gave nanorobots a trait called adaptive time delay, which allows them to better work together.

      

      
        Discovery could end global amphibian pandemic
        A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.

      

      
        Plastic-free vegan leather that dyes itself grown from bacteria
        Researchers have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.

      

      
        Intelligent liquid
        Researchers have developed a programmable meta-fluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid. The first-of-its-kind meta-fluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The meta-fluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers th...

      

      
        First results from BREAD experiment demonstrate a new approach to searching for dark matter
        One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it s no minor thing currently, scientists think it makes up about 85% of all the mass in the universe.

      

      
        Australia on track for unprecedented, decades-long megadroughts
        Australia could soon see megadroughts that last for more than 20 years, according to new modelling. The researchers' bleak findings are before factoring in human impact on the climate since the Industrial Revolution. According to the scientists, the findings paint a worrying picture of future droughts in Australia that are far worse than anything in recent experience.

      

      
        100 kilometers of quantum-encrypted transfer
        Researchers have taken a big step towards securing information against hacking. They have succeeded in using quantum encryption to securely transfer information 100 kilometers via fiber optic cable -- roughly equivalent to the distance between Oxford and London.

      

      
        We've had bird evolution all wrong
        Genomic anamolies dating back to the time of the dinosaurs misled scientists about the evolutionary history of birds.

      

      
        I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans
        Using a blink-and-you'll-miss-it experiment, researchers have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others. This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

      

      
        Universal brain-computer interface lets people play games with just their thoughts
        Engineers have created a brain-computer interface that doesn't require calibration for each user, paving the way for widespread clinical applicability.

      

      
        Chatbot outperformed physicians in clinical reasoning in head-to-head study
        ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning.

      

      
        Researchers produce grafts that replicate the human ear
        Using state-of-the-art tissue engineering techniques and a 3D printer, researchers have assembled a replica of an adult human ear that looks and feels natural. The study offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.
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Discovery of how limiting damage from an asthma attack could stop disease | ScienceDaily
Scientists at King's College London have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.


						
Most current asthma treatments stem from the idea that it is an inflammatory disease. Yet, the life-threatening feature of asthma is the attack or the constriction of airways, making breathing difficult. The new study, published today in Science, shows for the first time that many features of an asthma attack -- inflammation, mucus secretion, and damage to the airway barrier that prevents infections -- result from this mechanical constriction in a mouse model.

The findings suggest that blocking a process that normally causes epithelial cell death could prevent the damage, inflammation, and mucus that result from an asthma attack.

Professor Jody Rosenblatt from King's College London said: "Our discovery is the culmination of more than ten years work. As cell biologists who watch processes, we could see that the physical constriction of an asthma attack causes widespread destruction of the airway barrier. Without this barrier, asthma sufferers are far more likely to get long-term inflammation, wound healing, and infections that cause more attacks. By understanding this fundamental mechanism, we are now in a better position to prevent all these events."

In the UK, 5.4 million people have asthma and can suffer from symptoms such as wheezing, coughing, feeling breathlessness and a tight chest. Triggers such as pollen or dust can make asthma symptoms worse and can lead to a life-threatening asthma attack.

Despite the disease commonality, the causes of asthma are still not understood. Current medications treat the consequences of an asthma attack by opening the airways, calming inflammation, and breaking up the sticky mucus which clogs the airway, which help control asthma, but do not prevent it.

The answer to stopping asthma symptoms may lie in cell extrusion, a process the researchers discovered that drives most epithelial cell death. Scientists used mouse lung models and human airway tissue to discover that when the airways contract, known as bronchoconstriction, the epithelial cells that line the airway get squeezed out to later die.




Because bronchoconstriction causes so many cell extrusions, it damages the airway barrier which causes inflammation and excess mucus.

In previous studies, the scientists found that the chemical compound gadolinium can block extrusion. In this study, they found it could work in mice to prevent the excess extrusion that causes damage and inflammation after an asthma attack. The authors note that gadolinium has not been tested in humans and has not been deemed to be safe or efficacious.

Professor Rosenblatt said: "This constriction and destruction of the airways causes the post-attack inflammation and excess mucus secretion that makes it difficult for people with asthma to breathe.

"Current therapies do not prevent this destruction -- an inhaler such as Albuterol opens the airways, which is critical to breathing but, dishearteningly, we found it does not prevent the damage and the symptoms that follow an attack. Fortunately, we found that we can use an inexpensive compound, gadolinium which is frequently used for MRI imaging, to stop the airway damage in mice models as well as the ensuing inflammation and mucus secretion. Preventing this damage could then prevent the build-up of musculature that cause future attacks."

Professor Chris Brightling from the University of Leicester and one of the co-authors of the study said: "In the last decade there has been tremendous progress in therapies for asthma particularly directed towards airway inflammation. However, there remains ongoing symptoms and attacks in many people with asthma. This study identifies a new process known as epithelial extrusion whereby damage to the lining of the airway occurs as a consequence of mechanical constriction and can drive many of the key features of asthma. Better understanding of this process is likely to lead to new therapies for asthma."

Dr Samantha Walker, Director of Research and Innovation at Asthma + Lung UK, said: "Only two per cent of public health funding is allocated to developing new treatments for the 12 million people living with lung conditions in the UK so new research that can help in the treatment or prevention of asthma is good news.




"This research using an experimental mouse model shows that constricting the airways leads to damage to the lung lining and inflammation, like that seen in asthma. It is this constriction and resulting damage that makes it difficult for people with asthma to breathe.

"Current medications for asthma work by treating the inflammation, but this isn't effective for everyone. Treatments aim to prevent future asthma attacks and improve asthma control by taking inhalers every day, but we know that ~31 per cent of people with asthma don't have treatment options that work for them, putting them at risk of potentially life-threatening asthma attacks.

"This discovery opens important new doors to explore possible new treatment options desperately needed for people with asthma rather than focusing solely on inflammation."

The discovery of the mechanics behind cell extrusion could underlie other inflammatory diseases that also feature constriction such as cramping of the gut and inflammatory bowel disease.

The paper is in collaboration with the University of Leicester and funded by Wellcome, Howard Hughes Medical Institute and the American Asthma Foundation.
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Evolution in action? New study finds possibility of nitrogen-fixing organelles | ScienceDaily

While there are bacteria that are able to reduce dinitrogen to ammonium, researchers at the University of Rhode Island, Institut de Ciencies del Mar in Barcelona, University of California at Santa Cruz and the Massachusetts Institute of Technology have discovered nitrogen-fixing symbiotic organisms exhibiting behaviors similar to organelles. In fact, researchers posit these symbiotic organisms -- UCYN-A, a species of cyanobacteria -- may be evolving organelle-like characteristics. Their study was recently published in the journal Cell.

UCYN-A live in a symbiotic relationship with a closely related group of marine algae, B. bigelowii, in areas of the open ocean that are often low in nutrients. Most nitrogen-fixing bacteria have mechanisms to regulate dinitrogen use when fixed sources of nitrogen are available, alleviating the high energetic cost of this process. However, UCYN-A have lost the genes allowing this and are able to fix nitrogen gas into ammonium even in nutrient-rich environments. The host, in-turn, provides it with carbon fixed photosynthetically by its chloroplasts.

The study details how researchers found a size relationship between UCYN-A and their symbiotic partner cells -- consistent with the size relationships between other organelles and their hosts. As organelles get larger, so do their host cells - eventually dividing and replicating. Mathematical modeling revealed the metabolic trade-offs which regulate the relative cell size through nutrient acquisition and exchange.

"It requires lots of energy as well as electrons to fix nitrogen gas, to make it into something useful," said Keisuke Inomura, assistant professor of oceanography at URI's Graduate School of Oceanography and one of the study's lead authors. "If UCYN-A are moving along the evolutionary path toward developing into nitrogen-fixing organelles and we find cells aside from B. bigelowii also have such organelles, or are evolving similarly, it could be a game-changer."

While organelles such as mitochondria and chloroplasts are much further along on the evolutionary spectrum, researchers contend that what they are seeing may be a snapshot of the evolutionary process of bacterial-derived organelles that are nitrogen-fixing.

"Our study focuses on a much more recent symbiotic relationship that emerged about 100 million years ago, allowing us to explore the evolution of organelle formation in its early stages," explained Francisco Cornejo, co-lead author and postdoc researcher in the department of marine biology and oceanography at the Institut de Ciencies del Mar.

Researchers note, however, that more study is needed to demonstrate whether this is the case.

"The surprisingly tight size relationship between UCYN-A and its host can be explained by the resource economy of the partners. It suggests that UCYN-A may be on the path to becoming an organelle: whether it may already be so is the subject of ongoing research," said Michael J. Follows, professor of earth, atmospheric and planetary sciences at MIT and a member of the research team.
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Early dinosaurs grew up fast, but they weren't the only ones | ScienceDaily
The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Kristina Curry Rogers of Macalester College, Minnesota and colleagues.


						
Dinosaurs grew up fast, a feature that likely set them apart from many other animals in their Mesozoic (252 to 66 million years ago) ecosystems. Some researchers have proposed that these elevated growth rates were key to the global success of dinosaurs, but little is known about the growth strategies of the earliest dinosaurs. In this study, Rogers and colleagues performed histological analysis, examining patterns of bone tissue growth in the fossilized leg bones of an array of animals in one of the earliest known Mesozoic ecosystems.

The studied fossils come from the Ischigualasto Formation of Argentina and date between 231-229 million years old. Sampled fossils include several of the earliest known dinosaurs as well as several non-dinosaur reptiles and one early relative of mammals.

The analysis found that most of the examined species had elevated growth rates, more similar to some modern-day mammals and birds than to living reptiles. The early dinosaurs all exhibited particularly fast growth, but they weren't alone in this, as similar growth rates were seen in several of the non-dinosaur reptiles as well.

These results show that the earliest dinosaurs were already fast growers, supporting the idea that this feature was important to their later success. But apparently dinosaurs were only one of multiple lineages evolving with elevated growth rates during the Triassic (252-201 million years ago), suggesting that this feature is only part of the story of dinosaurs' eventual global prosperity. The authors note that future studies could expand on these preliminary results by sampling a wider variety of ancient animals from additional early Mesozoic fossil sites.

The authors add: "Our sample comes from a time in which dinosaurs were the new kids on the block, restricted to relatively small, basic body plans, and evolving within a world rich with a diverse array of more specialized, non-dinosaur reptiles. We tackled the question of how all of these animals grew, and found that the earliest dinosaurs grew quickly, and that these rapid growth rates probably played a significant role in dinosaurs' subsequent ascent within Mesozoic ecosystems; but dinosaurs weren't unique -- many of their non-dino sidekicks shared rapid growth 230 million years ago."
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Researchers map how the brain regulates emotions | ScienceDaily
Ever want to scream during a particularly bad day, but then manage not to? Thank the human brain and how it regulates emotions, which can be critical for navigating everyday life. As we perceive events unfolding around us, the ability to be flexible and reframe a situation impacts not only how we feel, but also our behavior and decision-making.


						
In fact, some of the problems associated with mental health relate to individuals' inability to be flexible, such as when persistent negative thoughts make it hard to perceive a situation differently.

To help address such issues, a new Dartmouth-led study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings are published in Nature Neuroscience.

"As a former biomedical engineer, it was exciting to identify some brain regions that are purely unique to regulating emotions," says lead author Ke Bo, a postdoctoral researcher in the Cognitive and Affective Neuroscience Lab (CANlab) at Dartmouth. "Our results provide new insight into how emotion regulation works by identifying targets which could have clinical applications."

For example, the systems the researchers identified could be good targets for brain stimulation to enhance the regulation of emotion.

Using computational methods, the researchers examined two independent datasets of fMRI studies obtained earlier by co-author Peter Gianaros at the University of Pittsburgh. Participants' brain activity was recorded in an fMRI scanner as they viewed images that were likely to draw a negative reaction such as a bloody scene or scary- looking animals.

The participants were then asked to recontextualize the stimulus by generating new kinds of thoughts about an image to make it less aversive, before a neutral image was presented followed by another dislikable image.




By examining the neural activity, researchers could identify the brain areas that are more active when emotions are regulated versus when emotions are generated.

The new study reveals that emotion regulation, also known in neuroscience as "reappraisal," involves particular areas of the anterior prefrontal cortex and other higher-level cortical hierarchies whose role in emotion regulation had not previously been isolated with this level of precision. These regions are involved in other high-level cognitive functions and are important for abstract thought and long-term representations of the future.

The more people are able to activate these emotion regulation-selective brain regions, the more resilient they are to experiencing something negative without letting it affect them personally. These findings build on other research linking these areas to better mental health and the ability to resist temptations and avoid drug addiction.

The results also demonstrated that the amygdala, which is known as the threat-related brain region responsible for negative emotion and has long been considered an ancient subcortical threat center, responds to aversive experiences the same way, whether people are using their thoughts to self-regulate down-regulate negative emotion or not. "It's really the cortex that is responsible for generating people's emotional responses, by changing the way we see and attach meaning to events in our environments," says Bo.

The researchers were also interested in identifying the neurochemicals that interact with emotion regulation systems. Neurotransmitters like dopamine and serotonin shape how networks of neurons communicate and are targets for both illicit drugs and therapeutic treatments alike. Some neurotransmitters may be important for enabling the ability to self-regulate or "down-regulate."

The team compared the emotion regulation brain maps from the two datasets to neurotransmitter binding maps from 36 other studies. The systems involved in regulating negative emotion overlapped with particular neurotransmitter systems.




"Our results showed that receptors for cannabinoids, opioids, and serotonin, including 5H2A, were especially rich in areas that are involved in emotion regulation," says senior author Tor Wager, the Diana L. Taylor Distinguished Professor in Neuroscience and director of the Dartmouth Brain Imaging Center at Dartmouth. "When drugs that bind to these receptors are taken, they are preferentially affecting the emotion regulation system, which raises questions about their potential for long-term effects on our capacity to self-regulate."

Serotonin is well-known for its role in depression, as the most widely used antidepressant drugs inhibit its reuptake in synapses, which transmit signals from one neuron to another.

5H2A is the serotonin receptor most strongly affected by another exciting new type of treatment for mental health -- psychedelic drugs. The study's findings suggest that the effects of drugs on depression and other mental health disorders may work in part by altering how we think about life events and our ability to self-regulate. This may help explain why drugs, particularly psychedelics, are likely to be ineffective without the right kind of psychological support. The study could help improve therapeutic approaches by increasing our understanding of why and how psychological and pharmaceutical approaches need to be combined into integrated treatments.

"It's important to consider these types of connections that come from basic science," says Wager. "Understanding drug effects requires understanding the brain systems involved and what they're doing at a cognitive level."
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'Smart swarms' of tiny robots inspired by natural herd mentality | ScienceDaily
In natural ecosystems, the herd mentality plays a major role -- from schools of fish, to beehives to ant colonies. This collective behavior allows the whole to exceed the sum of its parts and better respond to threats and challenges.


						
This behavior inspired researchers from The University of Texas at Austin, and for more than a year they've been working on creating "smart swarms" of microscopic robots. The researchers engineered social interactions among these tiny machines so that they can act as one coordinated group, performing tasks better than they would if they were moving as individuals or at random.

"All these groups, flocks of birds, schools of fish and others, each member of the group has this natural inclination to work in concert with its neighbor, and together they are smarter, stronger and more efficient than they would be on their own," said Yuebing Zheng, associate professor in the Walker Department of Mechanical Engineering and Texas Materials Institute. "We wanted to learn more about the mechanisms that make this happen and see if we can reproduce it."

Zheng and his team first showcased these innovations in a paper published in Advanced Materials last year. But they've taken things a step further in a new paper published recently in Science Advances.

In the new paper, Zheng and his team have given these swarms a new trait called adaptive time delay. This concept allows each microrobot within the swarm to adapt its motion to changes in local surroundings. By doing this, the swarm showed a significant increase in responsivity without decreasing its robustness -- the ability to quickly respond to any environment change while maintaining the integrity of the swarm.

This finding builds on a novel optical feedback system -- the ability to direct these microrobots in a collective way using controllable light patterns. This system was first unveiled in the researchers' 2023 paper -- recently chosen as an "editor's choice" by Advanced Materials - and it facilitated the development of adaptive time delay for microrobots.

The adaptive time delay strategy offers potential for scalability and integration into larger machinery. This approach could significantly enhance the operational efficiency of autonomous drone fleets. Similarly, it could enable conveys of trucks and cars to autonomously navigate extensive highway journeys in unison, with improved responsiveness and increased robustness. The same way schools of fish can communicate and follow each other, so will these machines. As a result, there's no need for any kind of central control, which takes more data and energy to operate.

"Nanorobots, on an individual basis, are vulnerable to complex environments; they struggle to navigate effectively in challenging conditions such as bloodstreams or polluted waters," said Zhihan Chen, a Ph.D. student in Zheng's lab and co-author on the new paper. "This collective motion can help them better navigate a complicated environment and reach the target efficiently and avoid obstacles or threats."

Having proven this swarm mentality in the lab setting, the next step is to introduce more obstacles. These experiments were conducted in a static liquid solution. Up next, they'll try to repeat the behavior in flowing liquid. And then they'll move to replicate it inside an organism.

Once fully developed, these smart swarms could serve as advanced drug delivery forces, able to navigate the human body and elude its defenses to bring medicine to its target. Or, they could operate like iRobot robotic vacuums, but for contaminated water, collectively cleaning every bit of an area together.
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Discovery could end global amphibian pandemic | ScienceDaily
A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.


						
The fungus, Batrachochytrium dendrobatidis or Bd, ravages the skin of frogs and toads, and eventually causes heart failure. To date it has contributed to the decline of over 500 amphibian species, and 90 possible extinctions including yellow-legged mountain frogs in the Sierras and the Panamanian golden frog.

A new paper in the journal Current Biology documents the discovery of a virus that infects Bd, and which could be engineered to control the fungal disease.

The UC Riverside researchers who found the virus are excited about the implications of their discovery. In addition to helping them learn about how fungal pathogens rise and spread, it offers the hope of ending what they call a global amphibian pandemic.

"Frogs control bad insects, crop pests, and mosquitoes. If their populations all over the world collapse, it could be devastating," said UCR microbiology doctoral student and paper author Mark Yacoub.

"They're also the canary in the coal mine of climate change. As temperatures get warmer, UV light gets stronger, and water quality gets worse, frogs respond to that. If they get wiped out, we lose an important environmental signal," Yacoub said.

Bd was not prevalent before the late 1990s, but then, "all of a sudden frogs started dying," Yacoub said.




When they found the Bd-infecting virus, Yacoub and UCR microbiology professor Jason Stajich had been working on the population genetics of Bd, hoping to gain a better understanding about where it came from and how it is mutating.

"We wanted to see how different strains of fungus differ in places like Africa, Brazil, and the U.S., just like people study different strains of COVID-19," Stajich said. To do this, the researchers used DNA sequencing technology. As they examined the data, they noticed some sequences that did not match the DNA of the fungus.

"We realized these extra sequences, when put together, had the hallmarks of a viral genome," Stajich said.

Previously, researchers have looked for Bd viruses but did not find them. The fungus itself is hard to study because complex procedures are required to keep it alive in a laboratory.

"It is also a hard fungus to keep track of because they have a life stage where they're motile, they have a flagellus, which resembles a sperm tail, and they swim around," Stajich said.

Additionally, the virus that infects Bd was hard to find because most known viruses that infect fungi, called mycoviruses, are RNA viruses. However, this virus is a single-stranded DNA virus. By studying the DNA, the researchers could see the virus stuck in the genome of the fungus.




It appears that only some strains of the fungus have the virus in their genome. But the infected ones seem to behave differently than the ones that don't. "When these strains possess the virus they produce fewer spores, so it spreads more slowly. But they also might become more virulent, killing frogs faster," Stajich said.

Right now, the virus is essentially trapped inside the fungal genome. The researchers would eventually like to clone the virus and see if a manually infected strain of Bd also produces fewer spores.

"Because some strains of the fungus are infected and some are not, this underscores the importance of studying multiple strains of a fungal species," Yacoub said.

Moving forward, the researchers are looking for insights into the ways that the virus operates. "We don't know how the virus infects the fungus, how it gets into the cells," Yacoub said. "If we're going to engineer the virus to help amphibians, we need answers to questions like these."

In some places, it appears there are a few amphibian species acquiring resistance to Bd. "Like with COVID, there is a slow buildup of immunity. We are hoping to assist nature in taking its course," Yacoub said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240403130611.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Plastic-free vegan leather that dyes itself grown from bacteria | ScienceDaily
Researchers at Imperial College London have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.


						
In recent years, scientists and companies have started using microbes to grow sustainable textiles or to make dyes for industry -- but this is the first time bacteria have been engineered to produce a material and its own pigment simultaneously.

Synthetic chemical dyeing is one of the most environmentally toxic processes in fashion, and black dyes -- especially those used in colouring leather -- are particularly harmful. The researchers at Imperial set out to use biology to solve this.

In tackling the problem, the researchers say their self-dyeing vegan, plastic-free leather, which has been fashioned into shoe and wallet prototypes, represents a step forward in the quest for more sustainable fashion.

Their new process, which has been published in the journal Nature Biotechnology, could also theoretically be adapted to have bacteria grow materials with various vibrant colours and patterns, and to make more sustainable alternatives to other textiles such as cotton and cashmere.

Lead author Professor Tom Ellis, from Imperial College London's Department of Bioengineering, said: "Inventing a new, faster way to produce sustainable, self-dyed leather alternatives is a major achievement for synthetic biology and sustainable fashion.

"Bacterial cellulose is inherently vegan, and its growth requires a tiny fraction of the carbon emissions, water, land use and time of farming cows for leather.




"Unlike plastic-based leather alternatives, bacterial cellulose can also be made without petrochemicals, and will biodegrade safely and non-toxically in the environment."

Designer collaboration

The researchers created the self-dyeing leather alternative by modifying the genes of a bacteria species that produces sheets of microbial cellulose -- a strong, flexible and malleable material that is already commonly used in food, cosmetics and textiles. The genetic modifications 'instructed' the same microbes that were growing the material to also produce the dark black pigment, eumelanin.

They worked with designers to grow the upper part of a shoe (without the sole) by growing a sheet of bacterial cellulose in a bespoke, shoe-shaped vessel. After 14 days of growth wherein the cellulose took on the correct shape, they subjected the shoe to two days of gentle shaking at 30degC to activate the production of black pigment from the bacteria so that it dyed the material from the inside.

They also made a black wallet by growing two separate cellulose sheets, cutting them to size, and sewing them together.

As well as the prototypes, the researchers demonstrated that the bacteria can be engineered using genes from other microbes to produce colours in response to blue light. By projecting a pattern, or logo, onto the sheets using blue light, the bacteria respond by producing coloured proteins which then glow.




This allows them to project patterns and logos onto the bacterial cultures as the material grows, resulting in patterns and logos forming from within the material.

Co-author Dr Kenneth Walker, who conducted the work at Imperial College London's Department of Bioengineering and now works in industry, said: "Our technique works at large enough scales to create real-life products, as shown by our prototypes. From here, we can consider aesthetics as well as alternative shapes, patterns, textiles, and colours.

"The work also shows the impact that can happen when scientists and designers work together. As current and future users of new bacteria-grown textiles, designers have a key role in championing exciting new materials and giving expert feedback to improve form, function, and the switch to sustainable fashion."

Greener clothes

The research team are now experimenting with a variety of coloured pigments to use those that can also be produced by the material-growing microbes.

The researchers and collaborators have also just won PS2 million in funding from Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI), to use engineering biology and bacterial cellulose to solve more of fashion's problems, such as the use of toxic chromium in leather's production lines.

Professor Ellis said: "Microbes are already directly addressing many of the problems of animal and plastic-based leather, and we plan to get them ready to expand into new colours, materials and maybe patterns too.

"We look forward to working with the fashion industry to make the clothes we wear greener throughout the whole production line."

The authors worked closely with Modern Synthesis, a London-based biodesign and materials company, who specialise in innovative microbial cellulose products.

This work was funded by Engineering and Physical Sciences Research Council and BBSRC, both part of UKRI.
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Intelligent liquid | ScienceDaily
Researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed a programmable metafluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid.


						
The first-of-its-kind metafluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The metafluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers that can dissipate energy depending on the intensity of the impact, to optical devices that can transition from clear to opaque.

The research is published in Nature.

"We are just scratching the surface of what is possible with this new class of fluid," said Adel Djellouli, a Research Associate in Materials Science and Mechanical Engineering at SEAS and first author of the paper. "With this one platform, you could do so many different things in so many different fields."

Metamaterials -- artificially engineered materials whose properties are determined by their structure rather than composition -- have been widely used in a range of applications for years. But most of the materials -- such as the metalenses pioneered in the lab of Federico Capasso, Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering at SEAS -- are solid.

"Unlike solid metamaterials, metafluids have the unique ability to flow and adapt to the shape of their container," said Katia Bertoldi, William and Ami Kuan Danoff Professor of Applied Mechanics at SEAS and senior author of the paper. "Our goal was to create a metafluid that not only possesses these remarkable attributes but also provides a platform for programmable viscosity, compressibility and optical properties."

Using a highly scalable fabrication technique developed in the lab of David A. Weitz, Mallinckrodt Professor of Physics and of Applied Physics at SEAS, the research team produced hundreds of thousands of these highly-deformable spherical capsules filled with air and suspended them in silicon oil. When the pressure inside the liquid increases, the capsules collapse, forming a lens-like half sphere. When that pressure is removed, the capsules pop back into their spherical shape.




That transition changes many of the liquid's properties, including its viscosity and opacity. Those properties can be tuned by changing the number, thickness and size of the capsules in the liquid.

The researchers demonstrated the programmability of the liquid by loading the metafluid into a hydraulic robotic gripper and having the gripper pick up a glass bottle, an egg and a blueberry. In a traditional hydraulic system powered by simple air or water, the robot would need some kind of sensing or external control to be able to adjust its grip and pick up all three objects without crushing them.

But with the metafluid, no sensing is needed. The liquid itself responds to different pressures, changing its compliance to adjust the force of the gripper to be able to pick up a heavy bottle, a delicate egg and a small blueberry, with no additional programming.

"We show that we can use this fluid to endow intelligence into a simple robot," said Djellouli.

The team also demonstrated a fluidic logic gate that can be reprogrammed by changing the metafluid.

The metafluid also changes its optical properties when exposed to changing pressures.




When the capsules are round, they scatter light, making the liquid opaque, much like air bubbles make aerated water appear white. But when pressure is applied and the capsules collapse, they act like microlenses, focusing light and making the liquid transparent. These optical properties could be used for a range of applications, such as e-inks that change color based on pressure.

The researchers also showed that when the capsules are spherical, the metafluid behaves like a Newtonian fluid, meaning its viscosity only changes in response to temperature. However, when the capsules are collapsed, the suspension transforms into a non-Newtonian fluid, meaning that its viscosity will change in response to shear force -- the greater the shear force, the more fluid it becomes. This is the first metafluid that has been shown to transition between Newtonian and non-Newtonian states.

Next, the researchers aim to explore the acoustic and thermodynamic properties of the metafluid.

"The application space for these scalable, easy-to-produce metafluids is huge," said Bertoldi.

Harvard's Office of Technology Development has protected the intellectual property associated with this research and is exploring commercialization opportunities.

The research was supported in part by the NSF through the Harvard University Materials Research Science and Engineering Center grant number DMR-2011754.

It was co-authored by Bert Van Raemdonck, Yang Wang, Yi Yang, Anthony Caillaud, David Weitz, Shmuel Rubinstein and Benjamin Gorissen.
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First results from BREAD experiment demonstrate a new approach to searching for dark matter | ScienceDaily
One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it's no minor thing -- currently, scientists think it makes up about 85% of all the mass in the universe.


						
A new experiment by a collaboration led by the University of Chicago and Fermi National Accelerator Laboratory, known as the Broadband Reflector Experiment for Axion Detection or BREAD, has released its first results in the search for dark matter in a study published in Physical Review Letters. Though they did not find dark matter, they narrowed the constraints for where it might be and demonstrated a unique approach that may speed up the search for the mysterious substance, at relatively little space and cost.

"We're very excited about what we've been able to do so far," said UChicago Assoc. Prof. David Miller, co-leader for the experiment alongside Fermilab's Andrew Sonnenschein, who originally developed the concept for the experiment. "There are lots of practical advantages to this design, and we've already shown the best sensitivity to date in this 11-12 gigahertz frequency."

"This result is a milestone for our concept, demonstrating for the first time the power of our approach," said Fermilab postdoctoral scholar and study lead author Stefan Knirck, who spearheaded the construction and operation of the detector. "It is great to do this kind of creative tabletop-scale science, where a small team can do everything from building the experiment to data analysis, but still have a great impact on modern particle physics."

'Something is there'

When we look around the universe, we can see that some kind of substance is exerting enough gravity to pull on stars and galaxies and passing light, but no telescope or device has ever directly picked up the source -- hence the name 'dark matter.'

However, because no one has ever seen dark matter, we don't even know exactly what it might look like or even precisely where to look for it. "We're very confident that something is there, but there are many, many forms it could take," said Miller.




Scientists have mapped out several of the most likely options for places and forms to look. Typically, the approach has been to build detectors to very thoroughly search one specific area (in this case, set of frequencies) in order to rule it out.

But a team of scientists explored a different approach. Their design is "broadband," meaning that it can search a larger set of possibilities, albeit with slightly less precision.

"If you think about it like a radio, the search for dark matter is like tuning the dial to search for one particular radio station, except there are a million frequencies to check through," said Miller. "Our method is like doing a scan of 100,000 radio stations, rather than a few very thoroughly."

A proof of concept

The BREAD detector searches for a specific subset of possibilities. It's built to look for dark matter in the form of what are known as "axions" or "dark photons" -- particles with extremely small masses that could be converted into a visible photon under the right circumstances.

Fermilab's Stefan Knirck with components of the BREAD detector.




Thus, BREAD consists of a metal tube containing a curved surface that catches and funnels potential photons to a sensor at one end. The entire thing is small enough to fit your arms around, which is unusual for these types of experiments.

In the full-scale version, BREAD will be settled inside a magnet to generate a strong magnetic field, which ups the chances of converting dark matter particles into photons.

For the proof of principle, however, the team ran the experiment sans magnets. The collaboration ran the prototype device at UChicago for about a month and analyzed the data.

The results are very promising, showing very high sensitivity in the chosen frequency, the scientists said.

Since the results published in Physical Review Letters were accepted, BREAD has been moved inside a repurposed MRI magnet at Argonne National Laboratory and is taking more data. Its eventual home, at Fermi National Accelerator Laboratory, will use an even stronger magnet.

"This is just the first step in a series of exciting experiments we are planning," said Sonnenschein. "We have many ideas for improving the sensitivity of our axion search."

"There are still so many open questions in science, and an enormous space for creative new ideas for tackling those questions," said Miller. "I think this is a really hallmark example of those kind of creative ideas -- in this case, impactful, collaborative partnerships between smaller-scale science at universities and larger-scale science at national laboratories."

The BREAD instrument was built at Fermilab as part of the laboratory's detector R&D program and then operated at UChicago, where the data for this study were collected. UChicago Ph.D graduate student Gabe Hoshino led the operation of the detector, along with undergraduate students Alex Lapuente and Mira Littmann.

Argonne National Laboratory maintains an important magnet facility that will be used for the next stage of the BREAD physics program. Other institutions, including SLAC National Accelerator Laboratory, Lawrence Livermore National Laboratory, Illinois Institute of Technology, MIT, the Jet Propulsion Laboratory, the University of Washington, Caltech, and the University of Illinois at Urbana-Champaign, are working with UChicago and Fermilab on R&D for future versions of the experiment.

Funding: U.S. Department of Energy Office of Science, University of Chicago Joint Task Force Initiative, Cambridge Junior Research Fellowship, Kavli Institute for Particle Astrophysics and Cosmology Porat Fellowship.
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Australia on track for unprecedented, decades-long megadroughts | ScienceDaily
Australia could soon see megadroughts that last for more than 20 years, according to new modelling from The Australian National University (ANU) and the ARC Centre of Excellence for Climate Extremes.


						
The researchers' bleak findings are before factoring in human impact on the climate since the Industrial Revolution. The ANU-led team also found that 20th century droughts in southwestern and eastern Australia, including the Murray-Darling Basin, were longer on average compared to pre-industrial times.

According to the scientists, the findings paint a worrying picture of future droughts in Australia that are far worse than anything in recent experience.

Megadroughts are exceptionally severe, long-lasting and widespread. They can last multiple decades or even centuries. An example of this is the megadrought in the United States' southwestern region that started in the year 2000 and has continued for more than two decades.

Co-lead author Dr Georgy Falster, from the ANU Research School of Earth Sciences, said that if a megadrought occurred in Australia today, the consequences would be made even worse because of climate change, as any drought would occur against a backdrop of hotter weather.

"The combination of climate change on top of naturally occurring megadroughts that could last for 20 years means that in the future Australia could see droughts that are worse than anything in recent historical experience," Dr Falster said.

"We must consider, and prepare for, the possibility that one of these multi-decade megadroughts could occur in the near future.




"One of the problems with understanding protracted droughts in Australia is that our climate observations since the 1900s give us only a handful of examples to work with. This isn't representative of the worst-case scenarios that are possible just through natural climate variations.

"Thinking about when we might expect to see a 20-year-long drought in the Murray-Darling Basin in southeastern Australia, this varies a lot. We could see a megadrought occur every 150 years or 1,000 years.

"In this study, we paid particular attention to the Murray-Darling Basin. As the largest agricultural region of Australia, it's important to know how bad droughts in this region could be."

The ANU-led team looked at the full spectrum of droughts Australia could experience, including length and intensity, even without the effects of climate change. They also wanted to find out how human-caused climate change is now altering the characteristics of Australian droughts.

The researchers used multiple climate models to simulate droughts that occurred during the past millennium -- from the year 850 to 2000 -- to determine how they might change in the future.

This includes predicting how long Australian droughts could last for, and how dry they could be.




"One of the confronting findings of our work is that it is possible for droughts in Australia to be much longer than any of the droughts that we've experienced in recent times. Droughts that continue for 20 years or more are something that we should expect to happen," Dr Falster said.

"Megadroughts are part of the natural variations in Australia's climate. But worryingly we are now also adding human-caused climate change into the mix, and that is probably increasing the chances of the next megadrought here.

"We compared simulated droughts in the 20th century, from the year 1900 to 2000, with those from the pre-industrial period, before the year 1850, to see if human-caused climate change has impacted how Australians experience droughts today."

Co-author Professor Nerilie Abram, also from ANU, said human-caused climate change is contributing to longer droughts in southwestern and eastern Australia, including the Murray-Darling Basin.

She said these are also the regions where we can expect future rainfall declines due to climate change, thereby increasing the risk of droughts.

"It is likely that changes to drought intensity could still arise as climate change continues to worsen," Professor Abram said.

"One example of this is the 21st century 'Tinderbox Drought', which was only three years long but was exceptionally intense and set the conditions for the Black Summer bushfires. The Tinderbox Drought was likely made more severe by climate change.

"The only thing we can do to lessen the potential severity and length of future droughts is to rapidly reduce greenhouse gas emissions. For example, by rapidly transitioning to renewable energy sources.

"We can also reduce the impacts of future droughts by being prepared with water storage and management plans, and community support networks."

The research is published in a special edition of the journal Hydrology and Earth System Sciences. This work was co-led by ANU and The University of Sydney in collaboration with the University of New South Wales (UNSW), the University of Wollongong and the University of Monash.
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100 kilometers of quantum-encrypted transfer | ScienceDaily
Researchers at DTU have successfully distributed a quantum-secure key using a method called Continuous Variable Quantum Key Distribution (CV QKD). The researchers have managed to make the method work over a record 100 km distance -- the longest distance ever achieved using the CV QKD method. The advantage of the method is that it can be applied to the existing Internet infrastructure.


						
Quantum computers threaten existing algorithm-based encryptions, which currently secure data transfers against eavesdropping and surveillance. They are not yet powerful enough to break them, but it's a matter of time. If a quantum computer succeeds in figuring out the most secure algorithms, it leaves an open door to all data connected via the internet. This has accelerated the development of a new encryption method based on the principles of quantum physics.

But to succeed, researchers must overcome one of the challenges of quantum mechanics -- ensuring consistency over longer distances. Continuous Variable Quantum Key Distribution has so far worked best over short distances.

"We have achieved a wide range of improvements, especially regarding the loss of photons along the way. In this experiment, published in Science Advances, we securely distributed a quantum-encrypted key 100 kilometres via fibre optic cable. This is a record distance with this method," says Tobias Gehring, an associate professor at DTU, who, together with a group of researchers at DTU, aims to be able to distribute quantum-encrypted information around the world via the internet.

Secret keys from quantum states of light

"When data needs to be sent from A to B, it must be protected. Encryption combines data with a secure key distributed between sender and receiver so both can access the data. A third party must not be able to figure out the key while it is being transmitted; otherwise, the encryption will be compromised. Key exchange is, therefore, essential in encrypting data.

Quantum Key Distribution (QKD) is an advanced technology that researchers are working on for crucial exchanges. The technology ensures the exchange of cryptographic keys by using light from quantum mechanical particles called photons.




When a sender sends information encoded in photons, the quantum mechanical properties of the photons are exploited to create a unique key for the sender and receiver. Attempts by others to measure or observe photons in a quantum state will instantly change their state. Therefore, it is physically only possible to measure light by disturbing the signal.

"It is impossible to make a copy of a quantum state, as when making a copy of an A4 sheet -- if you try, it will be an inferior copy. That's what ensures that it is not possible to copy the key. This can protect critical infrastructure such as health records and the financial sector from being hacked," explains Tobias Gehring.

Works via existing infrastructure

The Continuous Variable Quantum Key Distribution (CV QKD) technology can be integrated into the existing internet infrastructure.

"The advantage of using this technology is that we can build a system that resembles what optical communication already relies on."

The backbone of the internet is optical communication. It works by sending data via infrared light running through optical fibres. They function as light guides laid in cables, ensuring we can send data worldwide. Data can be sent faster and over longer distances via fibre optic cables, and light signals are less susceptible to interference, which is called noise in technical terms.




"It is a standard technology that has been used for a long time. So, you don't need to invent anything new to be able to use it to distribute quantum keys, and it can make implementation significantly cheaper. And we can operate at room temperature," explains Tobias Gehring, adding:

"But CV QKD technology works best over shorter distances. Our task is to increase the distance. And the 100 kilometres is a big step in the right direction."

Noise, Errors, and Assistance from Machine Learning

The researchers succeeded in increasing the distance by addressing three factors that limit their system in exchanging the quantum-encrypted keys over longer distances:

Machine learning provided earlier measurements of the disturbances affecting the system. Noise, as these disturbances are called, can arise, for example, from electromagnetic radiation, which can distort or destroy the quantum states being transmitted. The earlier detection of the noise made it possible to reduce its corresponding effect more effectively.

Furthermore, the researchers have become better at correcting errors that can occur along the way, which can be caused by noise, interference, or imperfections in the hardware.

"In our upcoming work, we will use the technology to establish a secure communication network between Danish ministries to secure their communication. We will also attempt to generate secret keys between, for example, Copenhagen and Odense to enable companies with branches in both cities to establish quantum-safe communication," Tobias Gehring says.

Facts:

We don't exactly know what happens -- yet.

Quantum Key Distribution was developed as a concept in 1984 by Bennett and Brassard, while the Canadian physicist and computer pioneer Artur Ekert and his colleagues carried out the first practical implementation of QKD in 1992. Their contribution has been crucial for developing modern QKD protocols, a set of rules, procedures, or conventions that determine how a device should perform a task.

Quantum Key Distribution (QKD) is based on a fundamental uncertainty in copying photons in a quantum state. Photons are the quantum mechanical particles that light consists of.

Photons in a quantum state carry a fundamental uncertainty, meaning it is not possible with certainty to know whether the photon is one or several photons collected in the given state, also called coherent photons. This prevents a hacker from measuring the number of photons, making it impossible to make an exact copy of a state.

They also carry a fundamental randomness because photons are in multiple states simultaneously, also called superposition. The superposition of photons collapses into a random state when the measurement occurs. This makes it impossible to measure precisely which phase they are in while in superposition.

Together, it becomes nearly impossible for a hacker to copy a key without introducing errors, and the system will know if a hacker is trying to break in and can shut down immediately. In other words, it becomes impossible for a hacker to first steal the key and then to avoid the door locking as he tries to put the key in the lock.

Continuous Variable Quantum Key Distribution (CV QKD) focuses on measuring the smooth properties of quantum states in photons. It can be compared to conveying information in a stream of all the nuances of colours instead of conveying information step by step in each colour.

Facts:

The Innovation Fund Denmark, the Danish National Research Foundation, the European Union's Horizon Europe research and innovation program, the Carlsberg Foundation, and the Czech Science Foundation support the project.

The research group comprises Adnan A.E. Hajomer, Nitin Jain, Hou-Man Chin, Ivan Derkach, Ulrik L. Andersen, and Tobias Gehring.

The Danish Quantum Communication Infrastructure (QCI.DK) targets the first deployment of Danish quantum communication technologies in a versatile network supporting real-life Quantum Key Distribution applications.
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We've had bird evolution all wrong | ScienceDaily
An enormous meteor spelled doom for most dinosaurs 65 million years ago. But not all. In the aftermath of the extinction event, birds -- technically dinosaurs themselves -- flourished.


						
Scientists have spent centuries trying to organize and sort some 10,000 species of birds into one clear family tree to understand how the last surviving dinosaurs filled the skies. Cheap DNA sequencing should have made this simple, as it has for countless other species.

But birds were prepared to deceive us.

In a pair of new research papers released today, April 1, scientists reveal that another event 65 million years ago misled them about the true family history of birds. They discovered that a section of one chromosome spent millions of years frozen in time, and it refused to mix together with nearby DNA as it should have.

This section, just two percent of the bird genome, convinced scientists that most birds could be grouped into two major categories, with flamingos and doves as evolutionary cousins. The more accurate family tree, which accounts for the misleading section of the genome, identifies four main groups and identifies flamingos and doves as more distantly related.

"My lab has been chipping away at this problem of bird evolution for longer than I want to think about," said Edward Braun, Ph.D., the senior author of the paper published in the Proceedings of the National Academy of Sciences and a professor of biology at the University of Florida. "We had no idea there would be a big chunk of the genome that behaved unusually. We kind of stumbled onto it."

Braun supervised an international team of collaborators led by Siavash Mirarab, a professor of computer engineering at the University of California San Diego, to publish their evidence that this sticky chunk of DNA muddied the true history of bird evolution. Mirarab and Braun also contributed to a companion paper published in Nature that outlines the updated bird family tree, which was led by Josefin Stiller at the University of Copenhagen.




Both papers are part of the B10K avian genomics project led by Guojie Zhang of Zhejiang University, Erich Jarvis of Rockefeller University, and Tom Gilbert of the University of Copenhagen.

Ten years ago, Braun and his collaborators pieced together a family tree for the Neoaves, a group that includes the vast majority of bird species. Based on the genomes of 48 species, they split the Neoaves into two big categories: doves and flamingos in one group, all the rest in the other. When repeating a similar analysis this year using 363 species, a different family tree emerged that split up doves and flamingos into two distinct groups.

With two mutually exclusive family trees in hand, the scientists went hunting for explanations that could tell them which tree was correct.

"When we looked at the individual genes and what tree they supported, all of a sudden it popped out that all the genes that support the older tree, they're all in one spot. That's what started the whole thing," Braun said.

Investigating this spot, Braun's team noticed it was not as mixed together as it should have been over millions of years of sexual reproduction. Like humans, birds combine genes from a father and a mother into the next generation. But birds and humans alike first mix the genes they inherited from their parents when creating sperm and eggs. This process is called recombination, and it maximizes a species' genetic diversity by making sure no two siblings are quite the same.

Braun's team found evidence that one section of one bird chromosome had suppressed this recombination process for a few million years around the time the dinosaurs disappeared. Whether the extinction event and the genomic anomalies are related is unclear.




The result was that the flamingos and doves looked similar to one another in this chunk of frozen DNA. But taking into account the full genome, it became clear that the two groups are more distantly related. "What's surprising is that this period of suppressed recombination could mislead the analysis," Braun said. "And because it could mislead the analysis, it was actually detectable more than 60 million years in the future. That's the cool part."

Such a mystery could be lurking in the genomes of other organisms as well.

"We discovered this misleading region in birds because we put a lot of energy into sequencing birds' genomes," Braun said. "I think there are cases like this out there for other species that are just not known right now."

This work was supported in part by the National Science Foundation.
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I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans | ScienceDaily
Using a blink-and-you'll-miss-it experiment, researchers from Trinity College Dublin have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others.


						
This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

The rate with which we perceive the world is known as our "temporal resolution," and in many ways it is similar to the refresh rate of a computer monitor.

The researchers, from the Department of Zoology in the School of Natural Sciences and the Trinity College Institute of Neuroscience, found that there is considerable variation among people in their temporal resolution, meaning some people effectively see more "images per second" than others.

To quantify this, the scientists used the "critical flicker fusion threshold," a measure for the maximum frequency at which an individual can perceive a flickering light source.

If the light source flickers above a person's threshold, they will not be able to see that it is flickering, and instead see the light as steady. Some participants in the experiment indicated they saw the light as completely still when it was in fact flashing about 35 times per second, while others were still able to perceive the flashing at rates of over 60 times per second.

Clinton Haarlem, PhD Candidate in the School of Natural Sciences, is the first author of the article that has just been published in leading journal PLOS ONE. He said: "We also measured temporal resolution on multiple occasions in the same participants and found that even though there is significant variation among individuals, the trait appears to be quite stable over time within individuals."

Though our visual temporal resolution is quite stable from day to day in general, a post-hoc analysis did suggest that there may be slightly more variation over time within females than within males.




"We don't yet know how this variation in visual temporal resolution might affect our day-to-day lives, but we believe that individual differences in perception speed might become apparent in high-speed situations where one might need to locate or track fast-moving objects, such as in ball sports, or in situations where visual scenes change rapidly, such as in competitive gaming," added Clinton Haarlem.

"This suggests that some people may have an advantage over others before they have even picked up a racquet and hit a tennis ball, or grabbed a controller and jumped into some fantasy world online."

Andrew Jackson, Professor in Zoology in Trinity's School of Natural Sciences, said: "What I think is really interesting about this project is how a zoologist, a geneticist and a psychologist can all find different angles to this work. For me as a zoologist the consequences of variation in visual perception likely has profound implications for how predators and prey interact, with various arms-races existing for investment in brain processing power and clever strategies to exploit weaknesses in one's enemy."

Kevin Mitchell, Associate Professor in Developmental Neurobiology in Trinity's School of Genetics and Microbiology, and the Trinity College Institute of Neuroscience, said: "Because we only have access to our own subjective experience, we might naively expect that everyone else perceives the world in the same way we do. Examples like colour blindness show that isn't always true, but there are many less well known ways that perception can vary too. This study characterises one such difference -- in the 'frame rate"' of our visual systems. Some people really do seem to see the world faster than others."
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Universal brain-computer interface lets people play games with just their thoughts | ScienceDaily
Imagine playing a racing game like Mario Kart, using only your brain to execute the complex series of turns in a lap.


						
This is not a video game fantasy, but a real program that engineers at The University of Texas at Austin have created as part of research into brain-computer interfaces to help improve the lives of people with motor disabilities. More importantly, the researchers incorporated machine learning capabilities with their brain-computer interface, making it a one-size-fits-all solution.

Typically, these devices require extensive calibration for each user -- every brain is different, both for healthy and disabled users -- and that has been a major hurdle to mainstream adoption. This new solution can quickly understand the needs of an individual subject and self-calibrate through repetition. That means multiple patients could use the device without needing to tune it to the individual.

"When we think about this in a clinical setting, this technology will make it so we won't need a specialized team to do this calibration process, which is long and tedious," said Satyam Kumar, a graduate student in the lab of Jose del R. Millan, a professor in the Cockrell School of Engineering's Chandra Family Department of Electrical and Computer Engineering and Dell Medical School's Department of Neurology. "It will be much faster to move from patient to patient."

The research on the calibration-free interface is published in PNAS Nexus.

From left to right: Satyam Kumar, Hussein Alawieh and Jose del R. Millan.

The subjects wear a cap packed with electrodes that is hooked up to a computer. The electrodes gather data by measuring electrical signals from the brain, and the decoder interprets that information and translates it into game action.




Millan's work on brain-computer interfaces helps users guide and strengthen their neural plasticity, the ability of the brain to change, grow and reorganize over time. These experiments are designed to improve brain function for patients and use the devices controlled by brain-computer interfaces to make their lives easier.

In this case, the actions were twofold: the car racing game, and a simpler task of balancing the left and right sides of a digital bar. An expert was trained to develop a "decoder" for the simpler bar task that makes it possible for the interface to translate brain waves into commands. The decoder serves as a base for the other users and is the key to avoiding the long calibration process.

The decoder worked well enough that subjects trained simultaneously for the bar game and the more complicated car racing game, which required thinking several steps ahead to make turns.

The researchers called this work foundational, in that it sets the stage for further brain-computer interface innovation. This project used 18 subjects with no motor impairments. Eventually, as they continue down this road, they will test this on people with motor impairments to apply it to larger groups in clinical settings.

"On the one hand, we want to translate the BCI to the clinical realm to help people with disabilities; on the other, we need to improve our technology to make it easier to use so that the impact for these people with disabilities is stronger," Millan said.

On the side of translating the research, Millan and his team continue to work on a wheelchair that users can drive with the brain-computer interface. At the South by Southwest Conference and Festivals this month, the researchers showed off another potential use of the technology, controlling two rehabilitation robots for the hand and arm. This was not part of the new paper but a sign of where this technology could go in the future. Several people volunteered and succeeded in operating the brain-controlled robots within minutes.

"The point of this technology is to help people, help them in their everyday lives," Millan said. "We'll continue down this path wherever it takes us in the pursuit of helping people."
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Chatbot outperformed physicians in clinical reasoning in head-to-head study | ScienceDaily
ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning. In a research letter published in JAMA Internal Medicine, physician-scientists at Beth Israel Deaconess Medical Center (BIDMC) compared a large language model's (LLM) reasoning abilities directly against human performance using standards developed to assess physicians.


						
"It became clear very early on that LLMs can make diagnoses, but anybody who practices medicine knows there's a lot more to medicine than that," said Adam Rodman MD, an internal medicine physician and investigator in the department of medicine at BIDMC. "There are multiple steps behind a diagnosis, so we wanted to evaluate whether LLMs are as good as physicians at doing that kind of clinical reasoning. It's a surprising finding that these things are capable of showing the equivalent or better reasoning than people throughout the evolution of clinical case."

Rodman and colleagues used a previously validated tool developed to assess physicians' clinical reasoning called the revised-IDEA (r-IDEA) score. The investigators recruited 21 attending physicians and 18 residents who each worked through one of 20 selected clinical cases comprised of four sequential stages of diagnostic reasoning. The authors instructed physicians to write out and justify their differential diagnoses at each stage. The chatbot GPT-4 was given a prompt with identical instructions and ran all 20 clinical cases. Their answers were then scored for clinical reasoning (r-IDEA score) and several other measures of reasoning.

"The first stage is the triage data, when the patient tells you what's bothering them and you obtain vital signs," said lead author Stephanie Cabral, MD, a third-year internal medicine resident at BIDMC. "The second stage is the system review, when you obtain additional information from the patient. The third stage is the physical exam, and the fourth is diagnostic testing and imaging."

Rodman, Cabral and their colleagues found that the chatbot earned the highest r-IDEA scores, with a median score of 10 out of 10 for the LLM, 9 for attending physicians and 8 for residents. It was more of a draw between the humans and the bot when it came to diagnostic accuracy -- how high up the correct diagnosis was on the list of diagnosis they provided -- and correct clinical reasoning. But the bots were also "just plain wrong" -- had more instances of incorrect reasoning in their answers -- significantly more often than residents, the researchers found. The finding underscores the notion that AI will likely be most useful as a tool to augment, not replace, the human reasoning process.

"Further studies are needed to determine how LLMs can best be integrated into clinical practice, but even now, they could be useful as a checkpoint, helping us make sure we don't miss something," Cabral said. "My ultimate hope is that AI will improve the patient-physician interaction by reducing some of the inefficiencies we currently have and allow us to focus more on the conversation we're having with our patients.

"Early studies suggested AI could makes diagnoses, if all the information was handed to it," Rodman said. "What our study shows is that AI demonstrates real reasoning -- maybe better reasoning than people through multiple steps of the process. We have a unique chance to improve the quality and experience of healthcare for patients."

Co-authors included Zahir Kanjee, MD, Philip Wilson, MD, and Byron Crowe, MD, of BIDMC; Daniel Restrepo, MD, of Massachusetts General Hospital; and Raja-Elie Abdulnour, MD, of Brigham and Women's Hospital.

This work was conducted with support from Harvard Catalyst | The Harvard Clinical and Translational Science Center (National Center for Advancing Translational Sciences, National Institutes of Health) (award UM1TR004408) and financial contributions from Harvard University and its affiliated academic healthcare centers.

Potential Conflicts of Interest: Rodman reports grant funding from the Gordon and Betty Moore Foundation. Crowe reports employment and equity in Solera Health. Kanjee reports receipt of royalties for books edited and membership on a paid advisory board for medical education products not related to AI from Wolters Kluwer, as well as honoraria for continuing medical education delivered from Oakstone Publishing. Abdulnour reports employment by the Massachusetts Medical Society (MMS), a not-for-profit organization that owns NEJM Healer. Abdulnour does not receive royalty from sales of NEJM Healer and does not have equity in NEJM Healer. No funding was provided by the MMS for this study. Abdulnour reports grant funding from the Gordan and Betty Moore Foundation via the National Academy of Medicine Scholars in Diagnostic Excellence.
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Researchers produce grafts that replicate the human ear | ScienceDaily
Using state-of-the-art tissue engineering techniques and a 3D printer, researchers at Weill Cornell Medicine and Cornell Engineering have assembled a replica of an adult human ear that looks and feels natural. The study, published online in Acta Biomaterialia on March 16, offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.


						
"Ear reconstruction requires multiple surgeries and an incredible amount of artistry and finesse," said, Dr. Jason Spector, chief of the Division of Plastic and Reconstructive Surgery at NewYork-Presbyterian/Weill Cornell Medical Center and a professor of surgery (plastic surgery) at Weill Cornell Medicine. "This new technology may eventually provide an option that feels real for thousands needing surgery to correct outer ear deformities."

Many surgeons build a replacement ear using cartilage removed from a child's ribs, an operation that can be painful and scarring. And though the resulting graft can be crafted to resemble the recipient's other ear, it generally does not have the same flexibility.

Adding Texture to Structure

One way to produce a more natural replacement ear is to enlist the aid of chondrocytes, the cells that build cartilage. In earlier studies, Dr. Spector and his colleagues used animal-derived chondrocytes to seed a scaffold made of collagen, a key component of cartilage. Though these grafts developed successfully at first, over time the well-defined topography of the ear -- its familiar ridges, curves, and whorls -- were lost. "Because the cells tug on the woven matrix of proteins as they labor, the ear contracted and shrank by half," said Dr. Spector.

To address this problem in this study, Dr. Spector and his team used sterilized animal-derived cartilage treated to remove anything that could trigger immune rejection. This was loaded into intricate, ear-shaped plastic scaffolds that were created on a 3D printer based on data from a person's ear. The small pieces of cartilage act as internal reinforcements to induce new tissue formation within the scaffold. Much like rebar, it strengthens the graft and prevents contraction.

Over the next three to six months, the structure developed into cartilage containing tissue that closely replicated the ear's anatomical features, including the helical rim, the "anti-helix" rim-inside-the-rim and the central, conchal bowl. "That's something that we had not achieved before," said Dr. Spector.

To test the feel of the ear, biomechanical studies were performed in conjunction with Dr. Spector's long time engineering collaborator Dr. Larry Bonassar, the Daljit S. and Elaine Sarkaria Professor in Biomedical Engineering at the Meinig School of Biomedical Engineering on Cornell's Ithaca campus. This confirmed that the replicas had flexibility and elasticity similar to human ear cartilage. However, the engineered material was not as strong as natural cartilage and could tear.

To remedy this issue, Dr. Spector plans to add chondrocytes to the mix, ideally ones derived from a small piece of cartilage removed from the recipient's other ear. Those cells would lay down the elastic proteins that make ear cartilage so robust, producing a graft that would be biomechanically much more similar to the native ear, he said.

This work was supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health, grant TL1- TR-002386.
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        Discovery of how limiting damage from an asthma attack could stop disease
        Scientists have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.

      

      
        Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke
        Global life expectancy increased by 6.2 years since 1990, according to a new study. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations.

      

      
        Large language models respond differently based on user's motivation
        A new study reveals how large language models (LLMs) respond to different motivational states. In their evaluation of three LLM-based generative conversational agents (GAs)--ChatGPT, Google Bard, and Llama 2, scientists found that while GAs are able to identify users' motivation states and provide relevant information when individuals have established goals, they are less likely to provide guidance when the users are hesitant or ambivalent about changing their behavior.

      

      
        Developing a vaccine for the 'zombie drug' xylazine
        Chemical biologists design an early 'proof-of-concept' vaccine that could lead to the first effective treatment of xylazine overdose in people.

      

      
        Talking politics with strangers isn't as awful as you'd expect, research suggests
        Individuals underestimate the social connection they can make with a stranger who disagrees with them on contentious issues, a new research paper suggests.

      

      
        Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later
        The hours you work earlier in life may be associated with worse health years later, according to a new study.

      

      
        Immunotherapy for Alzheimer's disease shows promise in mouse study
        Scientists have shown that treating mice with an antibody that blocks the interaction between APOE proteins (white) sprinkled within Alzheimer's disease plaques and the LILRB4 receptor on microglia cells (purple) activates them to clean up damaging plaques (blue) in the brain.

      

      
        Researchers map how the brain regulates emotions
        A new study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings provide new insights that could help inform therapeutic treatments regarding mental health and drug addiction.

      

      
        Pressure determines which embryonic cells become 'organizers'
        A collaboration between research groups at the University of California, TU Dresden in Germany and Cedars-Sinai Guerin Children's in Los Angeles has identified a mechanism by which embryonic cells organize themselves to send signals to surrounding cells, telling them where to go and what to do. While these signaling centers have been known to science for a while, how individual cells turn into organizers has been something of a mystery.

      

      
        Exploring the effect of the presence of familiar people in interpersonal space
        Researchers investigate the influence of social relationships on our bodily responses to the presence of other persons in the interpersonal space.

      

      
        New discovery unravels malaria invasion mechanism
        A recent breakthrough sheds light on how the malaria parasite, Plasmodium falciparum, invades human red blood cells. The study reveals the role of a sugar called sialic acid in this invasion process. The findings have major implications for malaria vaccine and drug development.

      

      
        Testing environmental water to monitor COVID-19 spread in unsheltered encampments
        To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen v...

      

      
        Water-based paints: Less stinky, but some still contain potentially hazardous chemicals
        Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as 'greener' and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to new research, some of these paints do contain compounds that are considered VOCs, along with other chemicals of emerging concern.

      

      
        Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds
        Researchers studied six cities, finding that nighttime gunshots were particularly prevalent in low-income neighborhoods. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them.

      

      
        Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments
        Scientists have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.

      

      
        Chicks show vision and touch linked at birth
        Study reveals that newly hatched chicks can instantly recognize objects with their vision, even if they've only ever experienced them by touch.

      

      
        Last chance to record archaic Greek language 'heading for extinction'
        A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.

      

      
        Increasing positive affect in adolescence could lead to improved health and well-being in adulthood
        Adolescents with high positive affect may have improved physical and mental health as adults, according to a new study.

      

      
        Even moderate alcohol usage during pregnancy linked to birth abnormalities
        Researchers have found that even low to moderate alcohol use by pregnant patients may contribute to subtle changes in their babies' prenatal development, including lower birth length and a shorter duration of gestation.

      

      
        YKT6 gene variants cause a new genetic disorder finds a new study
        A recent collaborative study has discovered rare variants in the YKT6 gene as the cause of a new neurological disorder characterized by developmental delays along with severe progressive liver disease and a potential risk for liver cancer.

      

      
        Blended antioxidant supplement improves cognition and memory in aged mice
        Cell damage from oxidative stress is a major underlying cause of age-related cognitive and muscle strength decline. Antioxidants can reduce oxidative stress and prevent age-related health decline. A new study has found that mice administered with a blended antioxidant supplement show significant improvements in spatial cognition, short-term memory, and mitigated age-related muscle decline. The study suggests that blended antioxidant supplements hold promise as a dietary intervention for health is...

      

      
        Early detection of language disorders helps children obtain right interventions
        New screening tools in child health care are effective in identifying early language and communication difficulties in children. This is shown by two studies based on more than 6,000 children.

      

      
        Simulations reveal mechanism behind protein build-up in Parkinson's disease
        Researchers have used computational models to understand what drives the accumulation of alpha-synuclein protein, a key culprit in the development of Parkinson's disease.

      

      
        Investigators develop novel treatment for T-cell leukemias and lymphomas
        A novel treatment for leukemias and lymphomas that arise from immune system T cells was found to be effective at killing these cancers in mice bearing human T-cell tumors.

      

      
        Wound treatment gel fights the battle against antibacterial resistance
        Polymer-based hydrogels are used to treat skin ailments and in tissue engineering because of their ability to retain water, deliver drugs into wounds, and biodegrade. However, they are complicated to manufacture and not very resilient to external forces like rubbing against clothing, sheets, or wound dressings. Scientists have now created a hydrogel enhanced with the amino acid polylysine and blood plasma that is easier to synthesize, contains natural antibiotic properties, and promotes cell grow...

      

      
        Scientists link certain gut bacteria to lower heart disease risk
        Changes in the gut microbiome have been implicated in a range of diseases including type 2 diabetes, obesity, and inflammatory bowel disease. Now, a team of researchers has found that microbes in the gut may affect cardiovascular disease as well. The team has identified specific species of bacteria that consume cholesterol in the gut and may help lower cholesterol and heart disease risk in people.

      

      
        Gloom and doom warnings about climate change do not work
        How do you spread a message about climate change? According to an international study involving 59,000 participants, some tactics may actually reduce support.

      

      
        Infant gut microbes have their own circadian rhythm, and diet has little impact on how the microbiome assembles
        Infant gut microbiomes oscillate with a circadian rhythm, even when they are cultivated outside of the body. Researchers report that the rhythm is detectable as early as 2 weeks after birth but becomes more pronounced with age. The finding comes from a randomized controlled trial that also showed that diet has less impact on the development and composition of the infant microbiome than previously thought.

      

      
        Reducing late-night alcohol sales curbed all violent crimes by 23% annually in a Baltimore neighborhood
        New study findings suggest that shortening overnight operations by seven hours at bars and taverns in a Baltimore, Md. neighborhood resulted in a 51 percent immediate drop in homicides within the first month, followed by a 23 percent decline in all violent crimes annually in the surrounding area, compared to similar neighborhoods with no change in hours of sale. Homicide rates decreased by 40 percent in each subsequent year.

      

      
        Golfers' risk from pesticides used on turfgrass is likely low
        For many, spring heralds fresh air and exercise on the golf course. But do players risk exposure to unsafe levels of pesticides used to beautify and maintain a golf course's green grass? To find out, researchers asked volunteers to play 18 holes on a simulated course sprayed with common pesticides.

      

      
        Researchers develop more broadly protective coronavirus vaccine
        Researchers have developed a new vaccine that offers broad protection against not only SARS-CoV-2 variants, but also other bat sarbecoviruses. The groundbreaking trivalent vaccine has shown complete protection with no trace of virus in the lungs, marking a significant step toward a universal vaccine for coronaviruses.

      

      
        Scientists pioneer immunotherapy technique for autoimmune diseases
        Scientists have developed an immunotherapy strategy that potentially lays the groundwork for treating a spectrum of autoimmune diseases.

      

      
        I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans
        Using a blink-and-you'll-miss-it experiment, researchers have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others. This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

      

      
        Study uses artificial intelligence to show how personality influences the expression of our genes
        An international study using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.

      

      
        Cellphone compass can measure tiny concentrations of compounds important for human health
        Nearly every modern cellphone has a built-in compass, or magnetometer, that detects the direction of Earth's magnetic field, providing critical information for navigation. Now a team of researchers has developed a technique that uses an ordinary cellphone magnetometer for an entirely different purpose -- to measure the concentration of glucose, a marker for diabetes, to high accuracy.

      

      
        New advance against a form of heart failure prevalent in men
        Researchers have discovered a gene on the Y chromosome that contributes to the greater incidence of heart failure in men, opening the door to new treatments.

      

      
        New initiative improves detection, evaluation of attention deficit hyperactivity disorder
        Attention-Deficit Hyperactivity Disorder (ADHD) is the most common pediatric neurobehavioral disorder with a prevalence of approximately 7%-10% in school-age children. ADHD significantly affects functioning throughout life including academic achievement, social and family relationships and occupational success, predisposing individuals to secondary psychopathology, substance use, justice system involvement and suicide. Fortunately, ADHD is treatable, most effectively with a combination of medicat...

      

      
        Pilot study shows ketogenic diet improves severe mental illness
        A small clinical trial found that the metabolic effects of a ketogenic diet may help stabilize the brain.

      

      
        Universal brain-computer interface lets people play games with just their thoughts
        Engineers have created a brain-computer interface that doesn't require calibration for each user, paving the way for widespread clinical applicability.

      

      
        App may pave way to treatments for no. 1 dementia in under-60s
        A smartphone app could enable greater participation in clinical trials for people with frontotemporal dementia (FTD), a devastating neurological disorder that often manifests in midlife.

      

      
        Chatbot outperformed physicians in clinical reasoning in head-to-head study
        ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning.

      

      
        Mosquito detectives track malaria's history
        A group of researchers is calling on colleagues around the world to join them in what they call 'pathogen prospecting' by tracking down archival specimens of mosquitoes in museums and other collections to examine them for pathogens that would have infected people with malaria while feeding on their blood.

      

      
        Researchers produce grafts that replicate the human ear
        Using state-of-the-art tissue engineering techniques and a 3D printer, researchers have assembled a replica of an adult human ear that looks and feels natural. The study offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.

      

      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

    

  
	
	Articles
	Sections
	Next



Discovery of how limiting damage from an asthma attack could stop disease | ScienceDaily
Scientists at King's College London have discovered a new cause for asthma that sparks hope for treatment that could prevent the life-threatening disease.


						
Most current asthma treatments stem from the idea that it is an inflammatory disease. Yet, the life-threatening feature of asthma is the attack or the constriction of airways, making breathing difficult. The new study, published today in Science, shows for the first time that many features of an asthma attack -- inflammation, mucus secretion, and damage to the airway barrier that prevents infections -- result from this mechanical constriction in a mouse model.

The findings suggest that blocking a process that normally causes epithelial cell death could prevent the damage, inflammation, and mucus that result from an asthma attack.

Professor Jody Rosenblatt from King's College London said: "Our discovery is the culmination of more than ten years work. As cell biologists who watch processes, we could see that the physical constriction of an asthma attack causes widespread destruction of the airway barrier. Without this barrier, asthma sufferers are far more likely to get long-term inflammation, wound healing, and infections that cause more attacks. By understanding this fundamental mechanism, we are now in a better position to prevent all these events."

In the UK, 5.4 million people have asthma and can suffer from symptoms such as wheezing, coughing, feeling breathlessness and a tight chest. Triggers such as pollen or dust can make asthma symptoms worse and can lead to a life-threatening asthma attack.

Despite the disease commonality, the causes of asthma are still not understood. Current medications treat the consequences of an asthma attack by opening the airways, calming inflammation, and breaking up the sticky mucus which clogs the airway, which help control asthma, but do not prevent it.

The answer to stopping asthma symptoms may lie in cell extrusion, a process the researchers discovered that drives most epithelial cell death. Scientists used mouse lung models and human airway tissue to discover that when the airways contract, known as bronchoconstriction, the epithelial cells that line the airway get squeezed out to later die.




Because bronchoconstriction causes so many cell extrusions, it damages the airway barrier which causes inflammation and excess mucus.

In previous studies, the scientists found that the chemical compound gadolinium can block extrusion. In this study, they found it could work in mice to prevent the excess extrusion that causes damage and inflammation after an asthma attack. The authors note that gadolinium has not been tested in humans and has not been deemed to be safe or efficacious.

Professor Rosenblatt said: "This constriction and destruction of the airways causes the post-attack inflammation and excess mucus secretion that makes it difficult for people with asthma to breathe.

"Current therapies do not prevent this destruction -- an inhaler such as Albuterol opens the airways, which is critical to breathing but, dishearteningly, we found it does not prevent the damage and the symptoms that follow an attack. Fortunately, we found that we can use an inexpensive compound, gadolinium which is frequently used for MRI imaging, to stop the airway damage in mice models as well as the ensuing inflammation and mucus secretion. Preventing this damage could then prevent the build-up of musculature that cause future attacks."

Professor Chris Brightling from the University of Leicester and one of the co-authors of the study said: "In the last decade there has been tremendous progress in therapies for asthma particularly directed towards airway inflammation. However, there remains ongoing symptoms and attacks in many people with asthma. This study identifies a new process known as epithelial extrusion whereby damage to the lining of the airway occurs as a consequence of mechanical constriction and can drive many of the key features of asthma. Better understanding of this process is likely to lead to new therapies for asthma."

Dr Samantha Walker, Director of Research and Innovation at Asthma + Lung UK, said: "Only two per cent of public health funding is allocated to developing new treatments for the 12 million people living with lung conditions in the UK so new research that can help in the treatment or prevention of asthma is good news.




"This research using an experimental mouse model shows that constricting the airways leads to damage to the lung lining and inflammation, like that seen in asthma. It is this constriction and resulting damage that makes it difficult for people with asthma to breathe.

"Current medications for asthma work by treating the inflammation, but this isn't effective for everyone. Treatments aim to prevent future asthma attacks and improve asthma control by taking inhalers every day, but we know that ~31 per cent of people with asthma don't have treatment options that work for them, putting them at risk of potentially life-threatening asthma attacks.

"This discovery opens important new doors to explore possible new treatment options desperately needed for people with asthma rather than focusing solely on inflammation."

The discovery of the mechanics behind cell extrusion could underlie other inflammatory diseases that also feature constriction such as cramping of the gut and inflammatory bowel disease.

The paper is in collaboration with the University of Leicester and funded by Wellcome, Howard Hughes Medical Institute and the American Asthma Foundation.
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Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke | ScienceDaily
Global life expectancy increased by 6.2 years since 1990 according to a new study published in The Lancet. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations. This is the first study to compare deaths from COVID-19 to deaths from other causes globally.


						
Despite the challenges presented by the COVID-19 pandemic, the researchers found that the super-region of Southeast Asia, East Asia, and Oceania had the largest net gain in life expectancy between 1990 and 2021 (8.3 years), largely due to reductions in mortality from chronic respiratory diseases, stroke, lower respiratory infections, and cancer. The super-region's strong management of the COVID-19 pandemic helped preserve these gains. South Asia had the second-largest net increase in life expectancy among super-regions between 1990 and 2021 (7.8 years), primarily thanks to steep declines in deaths from diarrheal diseases.

"Our study presents a nuanced picture of the world's health," said Dr. Liane Ong, co-first author of the study and a Lead Research Scientist at the Institute for Health Metrics and Evaluation (IHME). "On one hand, we see countries' monumental achievements in preventing deaths from diarrhea and stroke," she said. "At the same time, we see how much the COVID-19 pandemic has set us back."

The study also highlights how COVID-19 radically altered the top five causes of death for the first time in 30 years. COVID-19 displaced a long-dominant killer -- stroke -- to become the second-leading cause of death globally. The research presents updated estimates from the Global Burden of Disease Study (GBD) 2021. The authors found that the super-regions where the COVID-19 pandemic hit hardest were Latin America and the Caribbean and sub-Saharan Africa, which lost the most years of life expectancy due to COVID-19 in 2021. While documenting the enormous loss of life caused by the COVID-19 pandemic, the researchers also pinpointed the reasons behind the improvements in life expectancy in every super-region. Looking across different causes of death, the study reveals sharp drops in deaths from enteric diseases -- a class of diseases that includes diarrhea and typhoid. These improvements increased life expectancy worldwide by 1.1 years between 1990 and 2021. Reductions in deaths from lower respiratory infections added 0.9 years to global life expectancy during this period. Progress in preventing deaths from other causes also drove up life expectancy around the world, including stroke, neonatal disorders, ischemic heart disease, and cancer. For each disease, reductions in deaths were most pronounced between 1990 and 2019.

At the regional level, Eastern sub-Saharan Africa experienced the largest increase in life expectancy, which jumped by 10.7 years between 1990 and 2021. Control of diarrheal diseases was the leading force behind improvements in this region. East Asia had the second-largest gain in life expectancy; the region's success in slashing deaths from chronic obstructive pulmonary disease played a key role.

The GBD 2021 study measures mortality by cause of death and years of life lost at global, regional, national, and subnational levels. The analysis links specific causes of death to changes in life expectancy.

The study illuminates not only the diseases that have driven increases and decreases in life expectancy, but also looks at how patterns of disease have shifted across locations over time, presenting, as the authors write, an "opportunity to deepen our understanding of mortality-reduction strategies...[which] might reveal areas where successful public health interventions have been implemented."

GBD 2021 highlights places that have made huge strides in preventing deaths from major diseases and injuries. It also emphasizes how some of the most burdensome diseases are now concentrated in certain locations, underscoring opportunities for intervention. For example, in 2021, deaths from enteric diseases were largely concentrated in sub-Saharan Africa and South Asia. For another disease, malaria, the researchers found that 90% of deaths occurred in an area inhabited by just 12% of the world's population in a stretch of land ranging from Western sub-Saharan Africa through Central Africa to Mozambique.




"We already know how to save children from dying from enteric infections including diarrheal diseases, and progress in fighting this disease has been tremendous," said Professor Mohsen Naghavi, the study's co-first author and the Director of Subnational Burden of Disease Estimation at IHME. "Now, we need to focus on preventing and treating these diseases, strengthening and expanding immunization programs, and developing brand-new vaccines against E. coli, norovirus, and Shigella," he added.

In addition to providing new insights on COVID-19, the study reveals growing threats from non-communicable diseases, such as diabetes and kidney diseases, which are increasing in every country. The researchers also point to uneven progress against conditions such as ischemic heart disease, stroke, and cancer. High-income countries have driven down deaths from many types of non-communicable diseases, but many low-income countries have not.

"The global community must ensure that the lifesaving tools that have cut deaths from ischemic heart disease, stroke, and other non-communicable diseases in most high-income countries are available to people in all countries, even where resources are limited," said Eve Wool, senior author of the study and a Senior Research Manager at IHME.
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Large language models respond differently based on user's motivation | ScienceDaily

Bak provides the example of an individual with diabetes who is resistant to changing their sedentary lifestyle.

"If they were advised by a doctor that exercising would be necessary to manage their diabetes, it would be important to provide information through GAs that helps them increase an awareness about healthy behaviors, become emotionally engaged with the changes, and realize how their unhealthy habits might affect people around them. This kind of information can help them take the next steps toward making positive changes," said Bak.

Current GAs lack specific information about these processes, which puts the individual at a health disadvantage. Conversely, for individuals who are committed to changing their physical activity levels (e.g., have joined personal fitness training to manage chronic depression), GAs are able to provide relevant information and support.

"This major gap of LLMs in responding to certain states of motivation suggests future directions of LLMs research for health promotion," said Chin.

Bak's research goal is to develop a digital health solution based on using natural language processing and psychological theories to promote preventive health behaviors. She earned her bachelor's degree in sociology from the University of California Los Angeles.

Chin's research aims to translate social and behavioral sciences theories to design technologies and interactive experiences to promote health communication and behavior across the lifespan. She leads the Adaptive Cognition and Interaction Design (ACTION) Lab at the University of Illinois. Chin holds a BS in psychology from National Taiwan University, an MS in human factors, and a PhD in educational psychology with a focus on cognitive science in teaching and learning from the University of Illinois.
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Developing a vaccine for the 'zombie drug' xylazine | ScienceDaily
Xylazine is an FDA-approved sedative and pain reliever for use in animals, but it has severe adverse effects when used in humans. It is now illicitly being added to opioids, like fentanyl and heroin, as well as cocaine -- leading to a sharp rise in overdose deaths.


						
Now, Scripps Research chemical biologists have developed a vaccine to block the effects of xylazine's toxicity. The vaccine works by training the immune system to attack the drug, which is described in a new paper published in Chemical Communications on April 1, 2024.

"We demonstrated that a vaccine can reverse the symptoms of a xylazine overdose in rodents," says study senior author Kim D. Janda, PhD, the Ely R. Callaway, Jr. Professor of Chemistry at Scripps Research. "There is currently no remedy for xylazine poisoning other than supportive care, thus, we believe our research efforts and the data we have provided will pave the way for an effective treatment in humans."

The rapid increase in lethal drug overdoses attributed to xylazine combined with fentanyl prompted the White House Office of National Drug Control Policy to declare this combination an emerging threat to the United States. Xylazine intoxication presents similarly to opioid overdose, causing respiratory and central nervous system depression, and it can heighten the effects of opioids. However, naloxone -- typically administered to reverse the effects of opioids -- does not tackle the impact of xylazine, highlighting the need for effective measures to treat acute toxicity caused by xylazine.

Researchers suspect xylazine works by reducing blood flow to the brain, among other areas of the body. The drug also causes non-healing skin lesions and wounds, often located on the forearms and lower legs, that can require amputation in some cases -- giving it the nickname "zombie drug."

Although no treatment currently exists, targeted vaccines may offer a solution. Vaccines nudge the immune system to create antibodies to fend off invaders. Antibodies can target viruses, bacteria and toxins. However, sometimes molecules are too small to initiate an immune response, as is the case with xylazine. So, to circumvent this problem, the researchers created a vaccine using a design principle that Janda pioneered, which relies on pairing the drug molecule (called a hapten) with a larger carrier molecule (a protein) and an adjuvant.

In this study, the scientists combined a xylazine hapten with multiple different protein types, to see which combination would create a robust immune response against xylazine. The team tested three vaccine formulations (termed TT, KLH and CRM197, based on the protein involved) to see which vaccine cocktail could help rodents after being challenged with xylazine. One of the three vaccines (TT) significantly increased movement in mice given xylazine after 10 minutes, while two of the three vaccines (TT and KLH) led to an improvement in breathing.




The scientists also examined how these vaccines would limit xylazine blood brain barrier, (BBB) permeation, a filtering mechanism that scrutinizes drug penetration. When xylazine was injected, it immediately crossed into the brain to bind with receptors. Antibodies typically cannot navigate the BBB; however, two of the three vaccines (TT and KLH) showed a strong ability to stop xylazine from reaching its receptors in the brain, limiting its detrimental effects.

A provisional patent has been filed on the research. In the future, his team will build off this work to create a bifunctional antibody that will reverse both fentanyl and xylazine's toxicity simultaneously, something that naloxone cannot do.

"A monoclonal antibody treatment could be given in tandem with the vaccine to provide both immediate and long-term protection from both opioid substance use disorders as well as opioid-xylazine overdoses," says Janda. "This strategy could make a significant impact on the opioid epidemic."

"Evaluation of a Hapten Conjugate Vaccine Against the 'Zombie Drug' Xylazine" was co-authored by Mingliang Lin, Lisa M. Eubanks, Bin Zhou, and Kim D. Janda, all of Scripps Research. 

Funding for the study was provided by the Shadek family and Pearson Foundation. 
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Talking politics with strangers isn't as awful as you'd expect, research suggests | ScienceDaily
Many of us avoid discussing politics with someone who holds an opposing viewpoint, assuming the exchange will turn nasty or awkward. But having those conversations is far more gratifying than we expect, a new research paper suggests.


						
Across a series of experiments involving hundreds of U.S. adults, a team of scientists found that individuals underestimate the social connection they can make with a stranger who disagrees with them. The findings are published in Psychological Science, a journal of the Association for Psychological Science.

These low expectations may help to explain why people think those on the opposite side of the political spectrum have more extreme views than they actually do, behavioral scientists Kristina A. Wald (University of Pennsylvania), Michael Kardas (Oklahoma State University), and Nicholas Epley (University of Chicago) wrote in an article about their research.

"Mistakenly fearing a negative interaction may create misplaced partisan divides," they wrote, "not only keeping people from connecting with each other but also keeping people from learning about each other and from each other."

The experimenters found evidence, through experiments conducted online and in person, that people prefer to avoid hot-button issues, especially with people who disagree with them. People also tend to advise their friends and relatives to avoid such conversations.

But Wald, Kardas, and Epley believed people would find discussing their political differences to be a more positive experience than expected, at least partly because people fail to appreciate the extent to which conversations are informative and draw people closer together.

To test their theory, they asked nearly 200 participants in one experiment for their opinions on divisive political and religious topics, such as abortion and climate change. The researchers then divided the participants into pairs and assigned them to discuss one of these topics. Some participants were told in advance whether their partners agreed with them or not, but others entered the discussions unaware of their partners' views.




All the participants reported how positively or negatively they expected the conversation to be, then engaged in the discussion while being video recorded. Afterward, the participants rated their sentiments about the dialogue. Research assistants also viewed the videos of the conversations and evaluated them across several dimensions.

As predicted, the participants underestimated how positive their conversation experience would be, but this tendency was largest when they disagreed with their partner. Participants in this disagreement condition also underestimated the similarities in their opinions. Coders who watched the videos of these conversations confirmed that participants tended to stay on topic, and that the conversations were consistently positive whether the participants agreed or disagreed.

In another experiment, the researchers tested their hypothesis that people underestimate how the process of conversation itself -- actual back-and-forth dialogue -- connects people. To do so, they randomly assigned participants to discuss a divisive topic they agreed or disagreed on, but they also randomly assigned participants to either have a conversation about the topic in a dialogue format or to simply learn of their partners' beliefs on the topic in a monologue format. In the monologue format, each person separately recorded themselves talking about their opinion and then watched the other person's recording.

Overall, the participants underestimated how positive their interactions would be, especially when they disagreed with their partner, the researchers noted. But this tendency was especially strong when people actually had a conversation with their partner rather than simply learning of their beliefs in a monologue. The social forces in conversation that draw people together through back-and-forth dialogue are not only powerful, but they appear to be even more powerful than people expect.

The researchers cautioned that their experiments involved participants talking with strangers; the experiments did not reveal how disagreements unfold among family and friends. Still, they said their findings illustrate the benefits of talking and listening to others rather than typing and broadcasting in debates on social media.

Our reluctance to discuss our differences denies us some positive social interactions, the authors concluded.

"Misunderstanding the outcomes of a conversation," they wrote, "could lead people to avoid discussing disagreements more often, creating a misplaced barrier to learning, social connection, free inquiry, and free expression."
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Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later | ScienceDaily
The hours you work earlier in life may be associated with worse health years later, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Wen-Jui Han from New York University.


						
Studies have consistently shown that nonstandard work schedules -- working outside the traditional nine-to-five workday -- can negatively impact physical and mental health as well as social and family life. The current study uses a life-course approach to provide a longer-term perspective on how work schedule patterns throughout a person's working life impact their health in middle age.

Han used data from The National Longitudinal Survey of Youth-1979 (NLSY79), which includes data on more than 7,000 people in the US over 30 years, to see whether employment patterns in younger adulthood were associated with sleep, physical health, and mental health at age 50.

Han found that around a quarter of participants (26%) worked stable standard hours, with a further third (35%) working mostly standard hours. 17 percent initially worked standard hours in their 20s, later transitioning into volatile working patterns -- a combination of evening, night, and variable hours. 12 percent initially worked standard hours and then switched to variable hours. A final ten percent were mostly not working over this period.

Compared to individuals who mostly worked during traditional daytime hours throughout their working career, those whose careers featured more volatile work schedules slept less, had lower sleep quality, and were more likely to report depressive symptoms at age 50. The most striking results were seen in those who had stable work hours in their 20s and then transitioned to more volatile work hours in their 30s. This effect size was significant and similar to that of being educated only to below high school level.

Han also found racial and gender-related trends. For example, Black Americans were more likely to have volatile work schedules associated with poorer health, highlighting how some groups may disproportionately shoulder the adverse consequences of such employment patterns.

Han suggests that volatile work schedules are associated with poor sleep, physical fatigue, and emotional exhaustion, which may make us vulnerable to an unhealthy life. The study also suggests that positive and negative impacts of work schedules on health can accumulate over one's lifetime while highlighting how employment patterns can contribute to health inequities.

Han adds: "Work that is supposed to bring resources to help us sustain a decent life has now become a vulnerability to a healthy life due to the increasing precarity in our work arrangements in this increasingly unequal society. People with vulnerable social positions (e.g., females, Blacks, low-education) disproportionately shoulder these health consequences."
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Immunotherapy for Alzheimer's disease shows promise in mouse study | ScienceDaily
Alzheimer's disease starts with a sticky protein called amyloid beta that builds up into plaques in the brain, setting off a chain of events that results in brain atrophy and cognitive decline. The new generation of Alzheimer's drugs -- the first proven to change the course of the disease -- work by tagging amyloid for clearance by the brain's immune cells.


						
Now, researchers at Washington University School of Medicine in St. Louis have found a different and promising way to remove the noxious plaques: by directly mobilizing immune cells to consume them.

In a study published April 3 in Science Translational Medicine, the researchers showed that activating immune cells called microglia with an antibody reduces amyloid plaques in the brain and mitigates behavioral abnormalities in mice with Alzheimer's-like disease.

The approach could have implications beyond Alzheimer's. Toxic clumps of brain proteins are features of many neurodegenerative conditions, including Parkinson's disease, amyotrophic lateral sclerosis (ALS) and Huntington's disease. Encouraged by the study results, researchers are exploring other potential immunotherapies -- drugs that harness the immune system -- to remove junk proteins from the brain that are believed to advance other diseases.

"By activating microglia generally, our antibody can remove amyloid beta plaques in mice, and it could potentially clear other damaging proteins in other neurodegenerative diseases, including Parkinson's disease," explained the study's senior author, Marco Colonna, MD, the Robert Rock Belliveau, MD, Professor of Pathology.

Microglia surround plaques to create a barrier that controls the damaging protein's spread. They also can engulf and destroy the plaque proteins, but in Alzheimer's disease they usually do not. The source of their passivity could result from a protein called APOE that is a component of amyloid plaques. The APOE proteins in the plaque bind to a receptor -- LILRB4 -- on the microglia surrounding the plaques, inactivating them, Yun Chen, co-first author on the study, explained.

For reasons that are still unknown, the researchers found that, in mice and people with Alzheimer's disease, microglia that surround plaques produce and position LILRB4 on their cell surface, which inhibits their ability to control damaging plaque formation upon binding to APOE. The other co-first author Jinchao Hou, PhD, now a faculty member at Children's Hospital of Zhejiang University School of Medicine in Zhejiang Province, China, treated mice that had amyloid beta plaques in the brain with a homemade antibody that blocked APOE from binding to LILRB4. After working with Yongjian Liu, PhD, a professor of radiology in Washington University's Mallinckrodt Institute of Radiology, to confirm that the antibody reached the brain, the researchers found that activated microglia were able to engulf and clear the amyloid beta plaques.




Clearing the amyloid beta plaques in mice also alleviates risk-taking behavior. Individuals with AD may lack memory of past experiences to inform their decisions. They may engage in risky behavior, making them vulnerable to becoming victims of fraud or financial abuse. Treating mice with an antibody to clear the plaques showed promise in altering the behavior.

After amyloid beta plaques form in the brain, another brain protein -- tau -- becomes tangled inside neurons. In this second stage of the disease, neurons die and cognitive symptoms arise. High levels of LILRB4 and APOE have been observed in AD patients in this later stage, Chen explained. It is possible that blocking the proteins from interacting and activating microglia could alter later stages of the disease. In future studies, the researchers will test the antibody in mice with tau tangles.

Drugs that target amyloid plaques directly can cause a potentially serious side effect. In Alzheimer's patients, amyloid proteins build up on the walls of the arteries in the brain as well as other parts of brain tissue. Removing plaques from brain blood vessels can induce swelling and bleeding, a side effect known as ARIA. This side effect is seen in some patients receiving lecanemab, a drug approved by the Food and Drug Administration to treat Alzheimer's. The mice used in this study lacked amyloid plaques on blood vessels, so the researchers could not evaluate what happens when blood vessel plaques are removed.

They are working with a different mouse model -- one that does have plaques on brain arteries -- to understand if this new approach also carries a risk of ARIA.

"Lecanemab, as the first therapeutic antibody that has been able to modify the course of the disease, confirmed the importance of amyloid beta protein in Alzheimer's disease progression," said author David Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor of Neurology. "And it opened new opportunities for developing other immunotherapies that use different methods of removing damaging proteins from the brain."

Senior medical sciences writer Tamara Schneider contributed to this story.
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Researchers map how the brain regulates emotions | ScienceDaily
Ever want to scream during a particularly bad day, but then manage not to? Thank the human brain and how it regulates emotions, which can be critical for navigating everyday life. As we perceive events unfolding around us, the ability to be flexible and reframe a situation impacts not only how we feel, but also our behavior and decision-making.


						
In fact, some of the problems associated with mental health relate to individuals' inability to be flexible, such as when persistent negative thoughts make it hard to perceive a situation differently.

To help address such issues, a new Dartmouth-led study is among the first of its kind to separate activity relating to emotion generation from emotion regulation in the human brain. The findings are published in Nature Neuroscience.

"As a former biomedical engineer, it was exciting to identify some brain regions that are purely unique to regulating emotions," says lead author Ke Bo, a postdoctoral researcher in the Cognitive and Affective Neuroscience Lab (CANlab) at Dartmouth. "Our results provide new insight into how emotion regulation works by identifying targets which could have clinical applications."

For example, the systems the researchers identified could be good targets for brain stimulation to enhance the regulation of emotion.

Using computational methods, the researchers examined two independent datasets of fMRI studies obtained earlier by co-author Peter Gianaros at the University of Pittsburgh. Participants' brain activity was recorded in an fMRI scanner as they viewed images that were likely to draw a negative reaction such as a bloody scene or scary- looking animals.

The participants were then asked to recontextualize the stimulus by generating new kinds of thoughts about an image to make it less aversive, before a neutral image was presented followed by another dislikable image.




By examining the neural activity, researchers could identify the brain areas that are more active when emotions are regulated versus when emotions are generated.

The new study reveals that emotion regulation, also known in neuroscience as "reappraisal," involves particular areas of the anterior prefrontal cortex and other higher-level cortical hierarchies whose role in emotion regulation had not previously been isolated with this level of precision. These regions are involved in other high-level cognitive functions and are important for abstract thought and long-term representations of the future.

The more people are able to activate these emotion regulation-selective brain regions, the more resilient they are to experiencing something negative without letting it affect them personally. These findings build on other research linking these areas to better mental health and the ability to resist temptations and avoid drug addiction.

The results also demonstrated that the amygdala, which is known as the threat-related brain region responsible for negative emotion and has long been considered an ancient subcortical threat center, responds to aversive experiences the same way, whether people are using their thoughts to self-regulate down-regulate negative emotion or not. "It's really the cortex that is responsible for generating people's emotional responses, by changing the way we see and attach meaning to events in our environments," says Bo.

The researchers were also interested in identifying the neurochemicals that interact with emotion regulation systems. Neurotransmitters like dopamine and serotonin shape how networks of neurons communicate and are targets for both illicit drugs and therapeutic treatments alike. Some neurotransmitters may be important for enabling the ability to self-regulate or "down-regulate."

The team compared the emotion regulation brain maps from the two datasets to neurotransmitter binding maps from 36 other studies. The systems involved in regulating negative emotion overlapped with particular neurotransmitter systems.




"Our results showed that receptors for cannabinoids, opioids, and serotonin, including 5H2A, were especially rich in areas that are involved in emotion regulation," says senior author Tor Wager, the Diana L. Taylor Distinguished Professor in Neuroscience and director of the Dartmouth Brain Imaging Center at Dartmouth. "When drugs that bind to these receptors are taken, they are preferentially affecting the emotion regulation system, which raises questions about their potential for long-term effects on our capacity to self-regulate."

Serotonin is well-known for its role in depression, as the most widely used antidepressant drugs inhibit its reuptake in synapses, which transmit signals from one neuron to another.

5H2A is the serotonin receptor most strongly affected by another exciting new type of treatment for mental health -- psychedelic drugs. The study's findings suggest that the effects of drugs on depression and other mental health disorders may work in part by altering how we think about life events and our ability to self-regulate. This may help explain why drugs, particularly psychedelics, are likely to be ineffective without the right kind of psychological support. The study could help improve therapeutic approaches by increasing our understanding of why and how psychological and pharmaceutical approaches need to be combined into integrated treatments.

"It's important to consider these types of connections that come from basic science," says Wager. "Understanding drug effects requires understanding the brain systems involved and what they're doing at a cognitive level."
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Pressure determines which embryonic cells become 'organizers' | ScienceDaily
A collaboration between research groups at the University of California, TU Dresden in Germany and Cedars-Sinai Guerin Children's in Los Angeles has identified a mechanism by which embryonic cells organize themselves to send signals to surrounding cells, telling them where to go and what to do. While these signaling centers have been known to science for a while, how individual cells turn into organizers has been something of a mystery.


						
Until now. In a paper published in the journal Nature Cell Biology, the researchers find that cells are literally pressed into becoming organizers.

"We were able to usemicrodroplet techniquesto figure out how the buildup of mechanical pressure affects organ formation," said co-corresponding authorOtger Campas, former associate professor of mechanical engineering at UC Santa Barbara, who is currently managing director, professor and chair of tissue dynamics at thePhysics of Life Excellence Cluster of TU Dresden.

Peer pressure

Finding out how cells decide to become organizers during the formation of organs remains a central challenge in the study of embryogenesis, and is key to understanding embryonic development.

"By understanding how an embryo forms organs, we can start to ask questions about what goes wrong in children born with congenital malformations," said fellow co-authorOphir Klein, MD, executive director of Cedars-Sinai Guerin Children's, where he is also the David and Meredith Kaplan Distinguished Chair in Children's Health.

Building on techniques previously developed by Campas, in which minute droplets inserted between developing embryonic cells sense the forces exerted by cells on each other, and through observations of an embryonic incisor tooth, the researchers found that pressure influences a cell's fate -- they feel the squeeze and use this information to organize themselves.




"It's like those toys that absorb water and grow in size," said Neha Pincha Shroff, a postdoctoral scholar in the School of Dentistry at UCSF, and co-lead author of the study. "Just imagine that happening in a confined space. What happens in the incisor knot is that the cells multiply in number in a fixed space and this causes a pressure to build up at the center, which then becomes a cluster of specialized cells." The researchers found that the cells feeling the stronger pressure stop growing and start sending signals to organize the other surrounding cells in the tooth.

Embryos use several of these signaling centers to guide cells as they form tissues and organs. Cells around these centers receive stronger or weaker signals depending on their location, and they make decisions accordingly. Like building skyscrapers or bridges, sculpting our organs involves tight planning, a lot of coordination and the right structural mechanics. Failure in any of these processes can be catastrophic when it comes to building a bridge, and it can also be damaging for us when growing in the womb.

"This work may lead to additional research into how birth defects are formed and can be prevented," Klein remarked.

Seeing how pressure works in embryonic development opens up further research possibilities, according to Campas.

"It is really exciting that pressure has a role in establishing signaling centers," he said. "It will be interesting to see if or how mechanical pressure affects other important developmental processes."

Investigators Pengfei Xu (co-first author), Sangwoo Kim, Elijah Shelton, Ben Gross, Yucen Liu, Carlos Gomez, Qianlin Ye, Tingsheng Yu Drennon, Jimmy Hu, and Jeremy Green also participated in the study.
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Exploring the effect of the presence of familiar people in interpersonal space | ScienceDaily
Most studies on interpersonal space (IPS) focus on the physiological and psychological responses to the presence of strangers in IPS. However, having a social relation with a person or their relative position in the IPS can influence these responses. Recently, researchers investigated the responses to the presence of friends and acquaintances at different relative positions in IPS, measuring the changes in discomfort, heart rate, and parasympathetic activity. Overall, this study enhances our understanding of IPS.


						
When we communicate with other people face-to-face, we do so by maintaining a certain physical distance from each other. This space surrounding our body while interacting is called the interpersonal space (IPS), and maintaining adequate IPS is crucial for better communication.

Many studies have investigated the psychological and physiological changes that occur based on the presence of another person in the IPS during face-to-face interactions. These studies are based on the avoidance behaviour that we experience when a stranger invades our IPS, which manifests in the form of increased heart rate and discomfort. However, having a social relation with a person, such as with a friend or a spouse, can influence this behaviour. Moreover, most studies have only examined IPS in front of or behind a person, using tasks such as a stopping task, wherein a stranger approaches or retreats from the IPS. They have not determined the shape of IPS by considering different relative positions around a person.

Addressing this gap, a team of researchers from Japan, led by Assistant Professor Kae Mukai from the Faculty of Science and Engineering at Waseda University, investigated the effect of social relationships on the physiological and psychological responses to the presence of another person in the IPS. Dr. Mukai explains, "Considering a real-life situation in which acquaintances or friends are standing next to us, the threat level might be relatively low compared to when strangers are standing next to us. Given the evidence, that smaller IPSs may be formed with family and friends, psychological and physiological responses can differ. In this study, we uncovered these differences." The team also included Dr. Tomoko Isomura from Nagoya University and Dr. Ryoji Onagawa and Professor Katsumi Watanabe from Waseda University. Their findings were published in the journal Scientific Reports on February 21, 2024.

The researchers used electrocardiogram (ECG) data to measure the changes in subjective discomfort, heart rate, and heart rate variability (HRV), which indicates parasympathetic activity or the "rest and digest" nervous response, of a person due to the presence of another person at various relative positions in the IPS. They measured these changes during two tasks. In the first task, participants were paired with their friends in a static standing task, where a person stood 30 cm away from the other, with both hands behind their back, within the IPS for a minute.

There were eight relative positions in all: F-see, L-see, R-see, and B-see, as well as F-seen, L-seen, R-seen, and baseline. In the first case, participants stood face-to-face with their friend and looked at the center of their eyes. In the next three cases, they looked at their friend's left profile, right profile, and back, respectively, with their eyes fixed on the head. On the other hand, the participants stood with their eyes fixed on the fixation point 30 cm in front of them while being seen at their left profiles, right profiles, and backs by their friend in F-seen, L-seen, and R-seen conditions, respectively. Lastly, in the baseline condition, both persons were standing back-to-back, unable to see each other. In the second task, a cylindrical object with height same as that of the person was placed at different positions in the IPS.

The experiments revealed that the greatest discomfort, the greatest decrease in heart rate, and the greatest increase in HRV occurred in the F-see condition. The researchers attributed the decrease in heart rate and increase in parasympathetic activity to the presence of familiar people, as previous studies have shown that the presence of a friend or romantic partner activates parasympathetic activity. Moreover, they found that heart rate only decreased in relative positions F-see and R-see. Additionally, no changes were observed during the task with the object.

These findings are inconsistent with previous studies which report that sympathetic activity, or the "fight or flight" response, is activated when a stranger invades our personal space. "Our study suggests that social relationships between two people influence our physiological responses during social interactions," says Dr. Mukai. "Our findings could help in the development of a society that makes life easier for a diverse range of people, by introducing appropriate communication methods that vary according to changes in responses to the presence of others."
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New discovery unravels malaria invasion mechanism | ScienceDaily

With 249 million cases of malaria and 608,000 deaths in 2022, malaria has remained an intractable global health threat. The malaria parasite Plasmodium falciparum is the leading cause of severe malariaand is responsible for the largest portion of malaria deaths. All clinical symptoms of malaria are caused by the multiplication of malaria parasites in the red blood cells.

Key component found for malaria invasion

P. falciparum is known to invade human red blood cells, but the precise details of the targets that the parasite binds to has not been known to date. Although we know that the malaria protein, cystein-rich protective antigen (CyRPA), is essential for the invasion of red blood cells, its precise role in this process was not understood.

A multidisciplinary, collaborative research team from six institutions, led by investigators at Swiss TPH in Switzerland and Institute for Glycomics in Australia examined the binding properties of CyPRA. The researchers discovered that a sugar called sialic acid is a key component of the red blood cell surface that is recognized by the malaria parasite, and which is essential for the invasion process. The findings were published in the peer-reviewed journal Cell Reports.

"We are now demonstrating that P. falciparum CyRPA binds to a specific carbohydrate structure (glycan) present on the red blood cell surface. The CyRPA protein is highly adapted to bind to a glycan terminating with a sialic acid. The discovery of the key function of CyRPA in host cell invasion provides an explanation for the parasite inhibitory activity of CyRPA-specific antibodies" said Gerd Pluschke, Group Leader of Molecular Immunology at Swiss TPH, and co-corresponding author of the publication.

Malaria parasite adapted to humans

"Humans differ from other primates because they can only produce one type of sialic acid, called Neu5Ac. This genetic difference between humans and closely related primates has long been proposed to contribute to the species-specific targeting of malaria parasites. In this study, we show that the human form of sialic acid, Neu5Ac, is strongly preferred by the human-specific malaria parasite P. falciparum, and may explain the adaptation of this parasite to humans," said Michael Jennings, Acting Director of the Institute for Glycomics, and co-corresponding author of the paper.




Implications for vaccine and drug development

Vaccines targeting the P. falciparum pre-erythrocytic stages are registered for use. However, they only show moderate levels of efficacy. There is no registered vaccine against the blood stage of malaria, but there is intensive research on blood stage vaccines. "The discovery of the key function of CyRPA in host cell invasion strongly supports the concept to clinically test CyRPA as a blood stage vaccine target," said Pluschke.

Moreover, as the emergence of drug resistance in the parasites that cause malaria is a major health threat, the study's findings offer hope for new antimalarial drugs that are urgently needed. "The essential binding activity of CyRPA to a specific glycan also validates CyRPA as drug target, and we demonstrate that small molecule inhibitors that interfered with this function can inhibit malaria replication in our study," said Jennings.
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Testing environmental water to monitor COVID-19 spread in unsheltered encampments | ScienceDaily
To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers reporting in ACS' Environmental Science & Technology Letters tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen viral mutations.


						
In recent years, testing untreated wastewater for SARS-CoV-2 incidence and dominant viral variants, as well as other pathogens, has been vital to helping public health officials determine infectious disease transmission in local communities. Yet, this monitoring only captures information on viruses shed from human feces and urine in buildings that are connected to local sewage infrastructure. Beyond the pandemic's impact on human health, it also exacerbated socioeconomic difficulties and increased the number of people experiencing homelessness and living in open-air encampments without access to indoor bathrooms. To understand the prevalence of COVID-19 among people who live unsheltered, Edwin Oh and colleagues tested for SARS-CoV-2 in waterways near encampments outside Las Vegas from December 2021 through July 2022.

Using quantitative polymerase chain reaction, the researchers identified SARS-CoV-2 RNA in more than 25% of the samples tested from two flood-control channels. The highest detection frequency over the study period aligned with Las Vegas' first wave of omicron variant infections, as confirmed through parallel testing at a local wastewater treatment plant. The researchers say these results suggest a similar level of transmission was occurring within the unsheltered community as it was among the general population. Then the researchers conducted whole genome sequencing to identify the SARS-CoV-2 variants in the waterways. These samples largely contained the same variants identified in the broader community. Deeper computational analysis of the viral sequences identified three novel viral spike protein mutations in some waterway samples, but the researchers have not yet examined what impact these mutations might have on viral function or clinical outcomes. Regardless, the ability to detect and identify SARS-CoV-2 in environmental water samples could help improve public health measures for a community that is often underrepresented in current surveillance methods. The researchers also say monitoring waterways could warn health officials of unexpected variants circulating in the community.

The authors acknowledge funding from the National Institutes of Health, the Nevada Governor's Office of Economic Development, the Centers for Disease Control and Prevention, and the Water Resources Research Institute of the United States Geological Survey.
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Water-based paints: Less stinky, but some still contain potentially hazardous chemicals | ScienceDaily
Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as "greener" and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to research published in ACS' Environmental Science & Technology Letters, some of these paints do contain compounds that are consideredVOCs, along with other chemicals of emerging concern.


						
Paint consists of four ingredients: pigments, binders, additives and a liquid. If the liquid is water -- as in latex and some acrylic paints -- it's classified as a water-based paint, rather than solvent-based. Historically, solvent-based paints were easy to apply and durable, though they released foul-smelling VOCs into the air both during and after application, stinking up a newly painted room. These airborne VOCs can cause respiratory irritation and headaches, among other potential health problems, especially in high concentrations or over long periods of time. Despite water-based paints sporting labels with "zero-" or "low-VOC," their formulations could contain potentially dangerous chemicals of their own. So, Ying Xu and colleagues wanted to understand more about these paints' formulations. The team notes that there are differing definitions of what constitutes a VOC, some of which are stricter than others, including the World Health Organization's definition used in this research.

The team collected 40 water-based paints from around the world, all ranked among the top 70 most-sold brands, and many labelled as zero- or low-VOC. Both dry and wet samples were analyzed by gas chromatography-mass spectrometry to determine their composition.
    	Twenty semi-volatile organic compounds were identified in concentrations ranging from 10 to 35,000 parts per million. While less likely to be in a gaseous form, these can still persist indoors for years, often incorporated into dust.
    	Endocrine-disrupting phthalates, which act as binders, were largely absent in the tested paints. However, several phthalate-replacement chemicals were detected -- their toxicities are still being assessed.
    	Nearly half the analyzed samples contained measurable amounts of isothiazolinones -- preservatives that have been linked to skin irritation and asthmatic symptoms.
    	In 24 of the wet paint samples advertised as either zero- or low-VOC, 11 different VOCs were detected at concentrations up to 20,000 parts per million.

These concentrations represent the chemical composition within the paint, not the air. Further studies are required to understand how much of these potentially hazardous compounds become airborne as painted surfaces are drying. The researchers say that this work could allow for the design of safer paint products in the future.

The authors acknowledge funding from the National Natural Science Foundation of China.
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Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds | ScienceDaily
The crack of a gunshot ringing out in the night is all too familiar to many Americans. A new study captures just how common -- and potentially disruptive -- nighttime gunshots can be in American cities. In a cross-institutional collaboration from Mass General Brigham's founding members, Brigham and Women's Hospital and Massachusetts General Hospital, researchers examined the number of nights and people potentially affected by the sound of nighttime versus daytime gunshots and the relationship between the sound of nighttime gunshots and median household income in the United States. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them. Their results are published in the Journal of General Internal Medicine.


						
"A nighttime gunshot likely disrupts the sleep of nearby community residents due to the sheer sound of the shot, which is then followed by a cacophony of sirens from police vehicles and ambulances," said corresponding author Rebecca Robbins, MMSc, PhD, MS, of the Division of Sleep and Circadian Disorders at Brigham and Women's Hospital. "The findings from our study shed light on this potentially significant and underexplored social determinant of sleep and population health."

Minimizing disruptions during the sleep cycle is critical to achieving quality sleep and improving overall health. Various factors, including jetlag from traveling or the onset of hunger during the late hours of the night, can interrupt sleep and lead to metabolic, cardiovascular, and mental health diseases and conditions. Other disruptions, such as nighttime gunshots, warrant further exploration.

Gun violence is a public health threat and the leading cause of death among children and adolescents in the United States. The number of gun deaths due to gun violence in America is staggering. According to the Centers for Disease Control and Prevention, there were more than 48,000 gun-related deaths in the United States in 2022.

Additionally, researchers note that there is potential for an exponentially broader community impact of gunshots beyond those that result in casualties. The current study focuses on the impact of the sounds of guns on surrounding communities; previous studies from the authors have focused on mental and behavioral health consequences from gun violence.

"The traumatic ripple effects from gunshots can extend across families and entire communities. Our work helps to broaden how we think about who is impacted by these events," said co-last author Chana A. Sacks, MD, MPH, of the Division of General Internal Medicine and Mongan Institute at Massachusetts General Hospital.

The team gathered 72,236 publicly available records on the time and location of gunshots in six major cities in the United States, including Baltimore, Boston, Washington, DC, New York, Philadelphia, and Portland, Ore., from 2015-2021. Using those data, investigators compared the prevalence of gunshots during the day versus the night. In addition, they created maps to visualize nighttime gunshot density across the cities. To identify communities potentially impacted by the sound of the gunshot, they estimated the number of those residing near to the location where gunshots took place. The team also examined the association between the number of nighttime gunshots and median household income.




To measure the potential effect of the sound of nighttime gunshots, the team estimated the number of individuals within earshot and the number of nights of potentially disrupted sleep for all individuals within hearing range. The team defined this metric as "person nights" and estimated that approximately 12.5 million person nights across the six cities could be impacted annually. Among the findings was that as median household income went up, rates of nighttime gunshots went down. This highlighted a higher level of gunshot impact -- and resulting potential sleep and other disruptions -- for people living in low-income neighborhoods. Additionally, it was discovered that 51,789 (72%) of the gunshots occurred during the nighttime across all six cities, with most of them occurring on Saturday and Sunday nights.

The authors note that they did not directly measure sleep disruptions as part of this study. Only six of the 30 most populated cities in the U.S. had enough publicly available data to be included in the analysis. The research team plans to study sleep disturbances in response to nighttime gunshots as they work to design community-based sleep interventions to support individuals in communities with high incidences.

The authors credit their collaboration across hospitals and across areas of research expertise for the insights described in their paper.

"Working as a multidisciplinary research team across the Mass General Brigham healthcare system, with experts in sleep and gun violence, we have been able to advance our understanding of the impacts that gunshots have on communities and inform this critical national conversation," said Robbins. "Conversations about guns often focus on the statistics on gun-related deaths, but our work draws attention to some of the less discussed impacts of gun violence."

Authorship: Mass General Brigham of the study include Peter T. Masiakos, Cornelia Griggs and Elizabeth Klerman. Additional authors include Mahmoud Affouf and Jay M. Iyer.

Disclosures: Robbins reports receiving consulting income from by Nacht GmbH, Savoir Beds Ltd., Oura Health Oy, Castle Hot Springs, Sonesta International Hotels Corporation. Robbins has received funding from Bryte Labs. Klerman reports consulting income from the American Academy of Sleep Medicine Foundation, Circadian Therapeutics, National Sleep Foundation, Sleep Research Society Foundation, and Yale University Press; has received travel support from the European Biological Rhythms Society, EPFL Pavilion, the Santa Fe Institute, Sleep Research Society, and the World Sleep Society; and is an unpaid member of the scientific advisory board of Chronsulting. Klerman's partner is founder, chief scientific officer of Chronsulting.

Funding: This study was supported by the MGH Gun Violence Prevention Center. Robbins has received grant support from the NIH/ NHLBI (K01HL150339). Klerman has received grant support from the NIH (R01NS099055, U01NS114001, U54AG062322, R21DA052861, R21DA052861, R01NS114526-02S1, R01-HD107064), DoD (W81XWH201076), and Leducq Foundation for Cardiovascular Research.

Paper cited: Robbins, R et al. "Estimating Community Disruption from Nighttime Gunshots in 6 U.S. Cities, 2015-2021. Journal of General Internal Medicine. DOI: 10.1007/s11606-024-08707-9




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240403130526.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments | ScienceDaily
Scientists from the Quadram Institute and UK Health Security Agency have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.


						
In 2019, six people died from a listeria outbreak caused by contaminated ready-to-eat foods served in a number of hospitals across the UK. In light of this, scientists are now performing vital research which helps to understand how these pathogens can persist in ready-to-eat food preparation environments.

Listeria monocytogenes is a foodborne bacterium that causes an illness called listeriosis. Symptoms for healthy individuals include a high temperature, aches and pains, feeling or being sick; but infection in those who are pregnant, elderly or immunocompromised, can lead to death.

The safety of foods is therefore paramount within the food industry. However, even in the face of well-implemented strategies to disinfect facilities and control for microbial risks, microbes such as listeria can occasionally breach food safety barriers and cross-contaminate food products. This is particularly dangerous in ready-to-eat foods where consumers will not kill contaminating bacteria by heating the food before eating it. Despite this danger, very little research has been done to understand the bacteria in ready-to-eat food production environments.

Researchers wanted to understand the potential sources of cross contamination and the factors that contribute to the survival of L. monocytogenes in these environments,particularly the communities of other microbes that support and protect it.

They began by sampling the floor of a ready-to-eat food factory that had recurrently detected L. monocytogenes in specific non-food contact areas of the factory. They sampled different sites: a preparation area, where ingredients were kept at 4degC, and a production area where they assembled and packaged the food, kept at 10degC. They aimed to measure the changes of bacterial communities over time, so they sampled the sites over ten weeks, before and after cleaning. They then cultured and performed genetic analysis on the samples to identify which bacteria were present and in what proportions.

The results showed that the populations of bacteria that coexist with L. monocytogenes were stable over time and have adapted to the conditions on the factory floor, including food safety controls. Maria Diaz from the Quadram Institute and lead of the study explains, "as L. monocytogenes is supported by a stable community of other bacteria, we may now need to develop new strategies to alter the whole bacterial population to effectively eliminate the pathogen."

While the overall bacterial populations, and proportions of bacteria were stable before and after cleaning, Maria explains that we cannot assume cleaning efforts do not work. "The populations are very stable, and cleaning is not shifting the composition -- it's not letting one bacterium grow over another. After cleaning, the bacteria reduce in numbers and the bacterial load is lower, making cross contamination less likely."




There was a marked difference, however, between the different areas of the factory at different temperatures; suggesting that the bacterial populations are highly adapted to the different environments within the factory. It also suggests that the bacteria present in the factory are established populations rather than bacteria introduced from outside sources -- as despite movement of personnel between them, the populations remained stable.

While the factory had listeria under control at the time of sampling, this new research is important for understanding the different communities of microbes in different environments across ready-to eat-food facilities. Researchers hope that understanding how listeria survives in these environments could inform more accurate laboratory testing of cleaning methods. Maria adds, "thanks to this research, we can better understand the lifestyle of this pathogen and start to develop laboratory models that allow us to investigate new ways of killing listeria."

Maria Diaz will present her data at this year's Microbiology Society Annual Conference which will take place at Edinburgh International Convention Centre. Her talk "Deciphering microbial dynamics in a Ready-to-Eat Food production facility: Insights into Listeria monocytogenes persistence" will take place on 11 April.
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Chicks show vision and touch linked at birth | ScienceDaily
Newly hatched chicks raised in darkness and allowed to touch either a smooth or bumpy cube for 24 hours instantly recognised the object with their vision upon first exposure to light. This suggests chicks can link touch and vision without any prior experience combining these senses, challenging the long-held belief that such integration requires learning. The discovery implies a pre-wired ability in the brain for cross-modal perception, potentially redefining our understanding of animal cognition and sensory processing.


						
In a study published in Biology Letters, researchers at Queen Mary University of London have cracked a centuries-old philosophical question about sight and touch. Led by Dr Elisabetta Versace, the team used chicks to finally answer the question posed by William Molyneux in 1688: can someone born blind instantly recognize objects by sight after gaining vision?

Molyneux proposed a scenario where a person blind from birth learns to distinguish a cube from a sphere by touch. Would they then be able to recognise these shapes visually upon gaining sight? Studying this question in humans is ethically challenging. However, Dr Versace and her team used chicks, which hatch with well-developed sensory systems.

"Unlike humans and other mammals," explains Dr Versace, Senior Lecturer at the School of Biological and Behavioural Sciences, chicks hatch with developed sensory systems. This allowed us to raise them in darkness and expose them to either a smooth or bumpy object for the first 24 hours of their lives -- their first ever tactile experience."

Remarkably, when exposed to light for the first time, chicks that had touched a smooth object preferentially approached the visual representation of a smooth object, and vice versa. This suggests that chicks can inherently link touch with sight, even without any prior visual experience.

"This finding contradicts traditional theories," says Dr Versace. "It suggests our brains are pre-wired to make connections between different senses, even before we have ever used them together."

This breakthrough opens exciting new avenues in understanding how our brains process information across different senses. It could also lead to a deeper understanding of how our senses develop and interact with the world around us.
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Last chance to record archaic Greek language 'heading for extinction' | ScienceDaily
A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.


						
The initiative, led by Professor Ioanna Sitaridou from the University of Cambridge, contributes to the UN's International Decade of Indigenous Languages (2022-32), which aims 'to draw global attention on the critical situation of many indigenous languages and to mobilise stakeholders and resources for their preservation, revitalization and promotion.'

Romeyka is thought to have only a couple of thousand native speakers left in Turkey's Trabzon region, but the precise number is hard to calculate especially because of the fact that there is also a large number of heritage speakers in the diaspora and the ongoing language shift to Turkish.

Romeyka does not have a writing system and has been transmitted only orally. Extensive contact with Turkish, the absence of support mechanisms to facilitate intergenerational transmission, socio-cultural stigma, and migration have all taken their toll on Romeyka. A high proportion of native speakers in Trabzon are over 65 years of age and fewer young people are learning the language.

The newly launched trilingual Crowdsourcing Romeyka platform (https://crowdsource.romeyka.org/) invites members of the public from anywhere in the world to upload audio recordings of Romeyka being spoken.

"Speech crowdsourcing is a new tool which helps speakers build a repository of spoken data for their endangered languages while allowing researchers to document these languages, but also motivating speakers to appreciate their own linguistic heritage. At the same time, by creating a permanent monument of their language, it can help speakers achieve acknowledgement of their identity from people outside of their speech community," said Prof. Sitaridou, who has been studying Romeyka for the last 16 years.

The innovative tool is designed by a Harvard undergraduate in Computer Science, Mr Matthew Nazari, himself a heritage speaker of Aramaic. Together they hope that this new tool will also pave the way for the production of language materials in a naturalistic learning environment away from the classroom, but based instead around everyday use, orality, and community.




To coincide with the platform's launch, Sitaridou is unveiling major new findings about the language's development and grammar at an exhibition in Greece (details below).

Sitaridou's most important findings include the conclusion that Romeyka descends from Hellenistic Greek not Medieval Greek, making it distinct from other Modern Greek dialects. "Romeyka is a sister, rather than a daughter, of Modern Greek," said Sitaridou, a Fellow of Queens' College and Professor of Spanish and Historical Linguistics in Cambridge's Faculty of Modern and Medieval Languages and Linguistics. "Essentially this analysis unsettles the claim that Modern Greek is an isolate language."

Over the last 150 years, only four fieldworkers have collected data on Romeyka in Trabzon. By engaging with local communities, particularly female speakers, Sitaridou has amassed the largest collection of audio and video data in existence collected monolingually and amounting to more than 29GB of ethically sourced data, and has authored 21 peer-reviewed publications. A YouTube film about Sitaridou's fieldwork has received 723,000 views to-date.

Grammar and a new phylogeny for Greek

Sitaridou's analysis of the Romeyka infinitive is key. All other Greek dialects known today have stopped using the infinitive found in ancient Greek. So speakers of Modern Greek would say I want that I go instead of I want to go. But, in Romeyka, the infinitive lives on and Sitaridou has observed uncontroversial proof that this Ancient Greek infinitive can be dated back to Hellenistic Greek due to its preservation in a structure which became obsolete by early Mediaeval times in all other Greek varieties, but continued to be used in Romeyka while also undergoing a cross-linguistically rare mutation to a negative item.

Sitaridou's findings have significant implications for our understanding of the evolution of Greek, because they suggest that there is more than one Greek language on a par with the Romance languages (which all derived out of Vulgar Latin rather than out of each other).




Historical context and new field work sites

The roots of the Greek presence in the Black Sea are steeped in myth: from the journey of Jason and the Argonauts to Colchis, to the Amazons. But what we know is that the Greeks began to spread around the Black Sea from approximately the 6th Century BCE. Ionians founded Miletus, which, in turn, founded Sinope, which, eventually, colonized Trebizond. In the Pontus, the language of the first Greek colonizers of Trebizond was the Ionic Greek of Sinope.

In the 4th Century BCE, the passage of Alexander the Great's army contributed to the creation of another Greek-speaking centre, to the South of Pontus, at Cappadocia. It is possible that from Cappadocia, Greek may have also spread northwards towards Pontus.

However, the decisive phase for the expansion of the Greek language seems to be Christianization. The inhabitants of Pontus were among the first converts and are mentioned in the New Testament. The Soumela monastery was founded in 386 CE, around 20 years after the region officially adopted Christianity. The fall of Trebizond to the Ottomans in 1461 led to the city becoming majority Muslim.

Prof. Sitaridou said: "Conversion to Islam across Asia Minor was usually accompanied by a linguistic shift to Turkish, but communities in the valleys retained Romeyka. And because of Islamization, they retained some archaic features while the Greek-speaking communities who remained Christian grew closer to Modern Greek, especially because of extensive schooling in Greek in the 19th and early 20th centuries."

Recently, Prof. Sitaridou started field working in a new site, Tonya, where no other field worker has ever reached, only to reveal significant grammatical variation between the valleys indicating different Islamisation onset. In a publication, to appear soon, it is argued that both the syntax of subordination and negation systems in Tonya show different patterns and thus diachronic development from the Caykara variety.

In 1923, under the Greco-Turkish population exchange, Greek-speaking Christians of Pontus were forced to leave Turkey and relocate to Greece while Romeyka-speaking Muslim communities in the Trabzon area remained in their homeland as they professed Islam, explaining why this Greek variety is still spoken in small enclaves in the region. Since 1923 and until very recently the two speech communities were oblivious of each other's existence.

Preservation of heritage languages and why it matters

Speakers are still reluctant to identify Romeyka as one of their languages since, for Turkish nationalists, speaking Greek goes against the very fundamentals of one's belonging. From a Greek nationalist perspective, these varieties are deemed 'contaminated' and/or disruptive to the ideology of one single Greek language spoken uninterruptedly since antiquity, as Sitaridou explains in an article which is about to be published by the Laz Institute in Istanbul.

In Greece, Turkey and beyond, Sitaridou has used her research to raise awareness of Romeyka, stimulate language preservation efforts and enhance attitudes. In Greece, for instance, Sitaridou co-introduced a pioneering new course on Pontic Greek at the Democritus University of Thrace since the number of speakers of Pontic Greek is also dwindling.

"Raising the status of minority and heritage languages is crucial to social cohesion, not just in this region, but all over the world," Prof. Sitaridou said. "When speakers can speak their home languages they feel "seen" and thus they feel more connected to the rest of the society; on the other hand, not speaking the heritage or minority languages creates some form of trauma which in fact undermines the integration which linguistic assimilation takes pride in achieving."

The same ethos traverses a new AHRC-funded project about the documentation of a critically endangered language, Sri Lanka Portuguese, among Afrodescent communities in north-western Sri Lanka. Sitaridou will be documenting and analysing manja, the only remaining linguistic and cultural expression of African heritage for these communities.

Exhibition at Mohamed Ali's historical House in Kavala this April

The Romeyka exhibition (http://www.romeyka.org/mohaexhibition/index-en.html) runs at the MOHA Research Centre in Kavala, Greece, from 29th March -- 28th April 2024.

The exhibition features previously unpublished archival material from Exeter College, Oxford and photographic material from British School of Athens which give us a glimpse into the Greek-speaking communities and language in the southern Black Sea shores 110 years ago taken by R.M. Dawkins, one of the first field workers in the area. This is combined with photographs and video material from Prof. Sitaridou's own fieldwork, interspersed with panels and audio material to communicate her linguistic findings.

The exhibition aims to generate further reflections on endangered heritages, fragmented and shared identities and collective memory as well as helping us get a better grasp of multilingualism, localised experiences, intergenerational stories of co-existence and displacement, diasporic selves and language loss, and alternative modalities of being and belonging both in Greece and Turkey.
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Increasing positive affect in adolescence could lead to improved health and well-being in adulthood | ScienceDaily
Adolescents with high positive affect may have improved physical and mental health as adults, according to a study published April 2 in the open-access journal PLOS Medicine by Eric Kim and Renae Wilkinson from Harvard University, US, and colleagues.


						
Positive affect is the experience of pleasurable emotions, such as happiness, joy, excitement, and calm. Research on adults has shown that positive affect is associated with healthier behaviors and decreased risk of chronic diseases, but data are limited in adolescents. Given that adolescence is a critical time for establishing healthy mindsets and behaviors, it represents a key period for interventions aimed at setting people on a healthier life course.

In this study, researchers used data from a prospective, representative sample of approximately 10,000 U.S. adolescents in grades 7-12 (aged about 15-18) in the mid-1990s who were followed into adulthood. Participants reported on aspects of their background, health, and well-being at several time points throughout the study.

The researchers grouped participants based on how much their positive affect increased over one year during adolescence. They then assessed whether adolescents with a higher increase in positive affect had healthier outcomes as adults based on 41 outcomes related to physical health, healthy behavior, mental and psychological well-being, and prosocial behavior.

The results show that adolescents with higher increases in positive affect scored higher on several outcomes within each of these categories, even after controlling for demographic and other variables that may bias the results. One of the biggest effects was seen in mental health, where positive affect was associated with a lower likelihood of ADD/ADHD, anxiety, depression, and stress.

The study suggests that interventions designed to improve positive affect may have enduring impacts into adulthood, though the researchers note the limitations in using self-reported data and the possibility of additional confounding factors that they didn't consider.

The authors add, "Several prominent organizations like the OECD, WHO, and UN are advocating for nations to integrate well-being indicators alongside economic indicators when sculpting policies. Emerging evidence from randomized controlled trials aimed at individuals, and case studies of successful policies aimed at entire populations, suggest positive affect can be enhanced. Our findings suggest that targeting positive affect during adolescence, a critical developmental phase for acquiring health assets and establishing healthy mindsets, is a promising point of intervention that might enhance the trajectory of health/well-being in adulthood."
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Even moderate alcohol usage during pregnancy linked to birth abnormalities | ScienceDaily
University of New Mexico researchers have found that even low to moderate alcohol use by pregnant patients may contribute to subtle changes in their babies' prenatal development, including lower birth length and a shorter duration of gestation.


						
In a new paper published in the journal Alcohol Clinical & Experimental Research, a team led by Ludmila Bakhireva, MD, PhD, MPH, professor and assistant dean for Clinical and Translational Research in the UNM College of Pharmacy, also reported some sex-related differences in the effects of drinking during pregnancy on the developing baby.

"In exploratory analyses, the effect on gestational age was more pronounced in male infants, and for birth length it actually was stronger in females," Bakhireva said. She cautioned that these effects should be interpreted with caution because of the study's limited statistical power to conduct sex-specific analyses and the challenges of accounting for other contributing factors.

The paper reported on three prospective studies conducted at UNM over the course of 10 years that followed 281 participants, most of whom were recruited in the second trimester of their pregnancies and then followed, along with their children, for some time afterward, she said.

There is a good deal of research on the prenatal effects of heavy alcohol use, usually defined as 14 drinks per week, or binge drinking, defined as four drinks or more per occasion, Bakhireva said.

"We know quite a bit from these earlier studies of heavy alcohol use about the effect on prenatal outcomes, especially preterm delivery and growth restriction, as well as neurodevelopmental outcomes, but we specifically focused on more moderate alcohol exposure because it's much more prevalent," she said.

Early pregnancy is a critical period for the formation of organs in the developing fetus, making it a particularly vulnerable window for alcohol exposure, Bakhireva said.




"Almost everybody drinks before they know they are pregnant, and risky drinking before pregnancy is predictive of drinking later on," she said. "That's a unique aspect of the study. We carefully looked at the patterns of drinking around conception and early pregnancy."

Most of the participants substantially reduced their drinking or stopped altogether once they learned they were pregnant, Bakhireva said. Even with reduced alcohol there were some deficits seen in both male and female infants, however.

She emphasizes that larger studies that combine samples across the country are needed to replicate the findings and examine sex-specific effects further.

Bakhireva is the principal investigator of the HEALthy Brain and Child Development study at UNM, part of a national initiative that will recruit 7,500 parent-child pairs and follow them for up to 10 years. "With that type of multi-site study, we'll have sufficient power to look at the effects of different patterns and timing of alcohol use in even a more nuanced way," she said.

The paper underscores messaging from the National Institute of Alcohol Abuse and Alcoholism -- that no amount of drinking during pregnancy is safe, she said.

"I think this study, as well as prior preclinical studies, show that even moderate alcohol use might have negative effects. The degree of negative effects might vary, and it is important to address alcohol use without the stigma often associated with it, but overall, if we try to encourage abstinence from alcohol during pregnancy, we will maximize positive health and developmental outcomes for the children."
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YKT6 gene variants cause a new genetic disorder finds a new study | ScienceDaily

"It is known that the YKT6 gene plays important roles in many intracellular vesicular trafficking events in the cells but this is the first time it has been linked to a genetically inherited disorder," Dr. Bellen said. "This study, using patient samples and fruit flies, provides a solid experimental foundation for future studies to better understand this new disease and to develop therapies."

YKT6 gene variants disrupt brain development and sometimes, liver function

In collaboration with Dr. Mythily Ganapathi at Columbia University Irving Medical Center, Drs. Paula Hertel and Davut Pehlivan at Texas Children's Hospital and Dr. James Lupski at Baylor College of Medicine, and by using the GeneMatcher tool and Baylor Genetics clinical diagnostics laboratory, this team of researchers and clinicians found three unrelated individuals with missense (analogous to misspellings in a word) variants in both copies of the YKT6 gene.

All three individuals had early onset of disease (four to six months of age) with failure to thrive. Two of them had an identical missense variant because of which the tyrosine amino acid at position 185 was changed to cysteine (Tyr185Cys). On the other hand, the third child carried a variant that caused the same amino acid change but in a different location (Tyr64Cys) of the YKT6 protein. Interestingly, in addition to developmental delays and neurological defects which were observed in all three children, only the two individuals with the Tyr185Cys variant had liver dysfunction and a potential risk for developing liver cancer.

"Interestingly, both individuals with the Tyr185Cys variant belong to the Syrian/Saint Thomas Christians of Kerala, India, a group currently estimated to be comprised of about 5 million individuals worldwide," Dr. Mythily Ganapathi said. "Our genetic lineage analysis suggests this variant likely originated from a common ancestor before the community split."

YKT6 gene variants impair autophagy

To assess how YKT6 variants result in the observed disease pathologies, the Bellen team studied the fruit fly version of this gene which is quite similar to its human counterpart.




"We found that the fly version of this protein is expressed in the fat body and brain which are analogous to the human liver and central nervous system respectively," Dr. Mengqi Ma, one of the first authors and a postdoctoral fellow in the Bellen lab, said. "Moreover, fly strains with loss of function mutations in this gene were lethal."

Further, they observed that Ykt6 mutant flies expressing the normal fly version of the Ykt6 gene flies had an average lifespan. However, transgenic flies expressing the fly versions of the disease variants were less effective in restoring lifespan and other symptoms. While Ykt6 mutant flies expressing Tyr65Cys (equal to human Tyr64Cys) had normal lifespan and locomotion, those expressing Tyr186Cys (equal to human Tyr185Cys) had severely reduced lifespan and locomotor defects. "Our results showed that the fly Ykt6 Tyr186Cys cause more severe defects than Tyr65Cys," Dr. Ma added, "suggesting that the corresponding human YKT6 Tyr185Cys is a more severe variant than Tyr64Cys."

To understand why these variants behaved differently, they delved deeper into their biology.

YKT6 belongs to the SNARE family of proteins that regulate the flow of protein traffic to various compartments within the cell. In mammalian cells, YKT6 mediates the fusion of two cellular organelles -- the autophagosomes and lysosomes to form autolysosomes -- within which 'used' cellular proteins, lipids, and other molecules are degraded and recycled back for future use. This process called autophagy is critical for the proper function and health of the cells.

The team found that the loss of fly Ykt6 led to an abnormal accumulation of proteins involved in autophagosome formation and autophagic cargo receptor, indicating a block in the autophagy pathway. Further studies revealed that just like lethality and other defects, fly Tyr186Cys (equal to human Tyr185Cys) was less efficient in reverting the symptoms compared to a normal copy of the Ykt6 gene. Furthermore, they observed that while autophagy initiation was normal, the steps involved in the breakdown of cellular waste were impaired in the absence of Ykt6.

"Based on our findings, we recommend the YKT6 gene as a candidate for carrier screening in the Syrian/Saint Thomas Christian community of Kerala," Dr. Mythily Ganapathi said.




"Our work suggests children diagnosed with YKT6 liver disease will also need to be screened for hepatocellular carcinoma," Dr. Paula Hertel said.

"In summary, we have discovered YKT6 variants as the cause of a novel developmental disorder affecting brain function and in certain cases, also liver function, providing us valuable insights into a new genetic disease. However, additional studies with more patients will be needed to precisely understand the pathogenesis and to identify potential therapeutic targets for this condition," Dr. Bellen added.

Others involved in the study and their institutional affiliations can be found here. This work was supported by the Huffington Foundation, the Jan and Dan Duncan Neurological Research Institute at Texas Children's Hospital, the Office of Research Infrastructure Programs of the National Institutes of Health; the U.S. National Human Genome Research Institute (NHGRI) and the National Heart Lung and Blood Institute to the Baylor-Hopkins Center for Mendelian Genomics and Neurological Disorders and Stroke. Grant support was also received from the Rett Syndrome Research Trust, International Rett Syndrome Foundation, Doris Duke Charitable Foundation, and Neurological Disorders and Stroke. Confocal microscopy was performed in the BCM IDDRC Neurovisualization Core, supported by the National Institute of Child Health and Human Development.
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Blended antioxidant supplement improves cognition and memory in aged mice | ScienceDaily
Cell damage from oxidative stress is a major underlying cause of age-related cognitive and muscle strength decline. Antioxidants can reduce oxidative stress and prevent age-related health decline. A new study has found that mice administered with a blended antioxidant supplement show significant improvements in spatial cognition, short-term memory, and mitigated age-related muscle decline. The study suggests that blended antioxidant supplements hold promise as a dietary intervention for health issues associated with aging.


						
Age-related decline in cognitive and muscle function continues to be a significant challenge for the field of healthcare. Healthcare costs associated with treating age-related cognitive decline and muscle weakness are expected to increase substantially in the future. One of the primary underlying mechanisms responsible for age-related health decline is oxidative stress, which refers to the progressive damage inflicted by oxygen-free radicals on cells.

Certain compounds in foods, known as antioxidants, are capable of neutralizing oxygen-free radicals. Consuming antioxidant-rich foods is known to reduce cell damage and slow down age-related health decline. In the absence of an antioxidant-rich diet, people often turn to antioxidant supplements that offer comparable or greater health protection. Now, a team of scientists, led by Professor Koji Fukui affiliated with the Shibaura Institute of Technology (SIT) and including Dr. Fukka You from Gifu University found that administering a blended mix of antioxidant supplements to aged mice significantly improves their spatial cognition, short-term memory, and muscle durability. The paper was published in the special Issue 'Antioxidants in health and diseases' of the International Journal of Molecular Scienceson February 28, 2024.

"In this study, significant improvements were observed in the spatial learning ability and short-term memory in supplement-treated aged mice. Long term intake of blended antioxidant supplements may be effective, even considering the effects of aging and related increased oxidation in the body,," explains Prof. Fukui, the lead researcher of the study. Memory loss is associated with several debilitating diseases, such as Alzheimer's, which disproportionately affect older people. The discovery that blended antioxidant supplements improve memory in mice suggests that they may also be beneficial in preventing memory loss in humans.

Sarcopenia, another age-related disease, results in a progressive loss of muscle strength in older individuals. This condition significantly affects people's mobility, often leading to social isolation. Moreover, sarcopenia can increase the risk of developing cognitive disorders. If blended antioxidant supplements can enhance muscle strength in mice, they may also hold the potential for mitigating muscle frailty and sarcopenia in humans.

"Frailty and sarcopenia are now serious problems and potent risk factors for dementia. Although the mechanism is unknown, it is groundbreaking that taking supplements may be able to prevent muscle weakness," notes Prof. Fukui.

Numerous types of antioxidant supplements are available in the market, and determining the right supplements to buy can often be challenging for consumers. The results of this groundbreaking study by Professor Fukui and his colleagues support the use of blended antioxidant supplements to prevent age-related health decline. However, further research is necessary to establish the efficacy and safety of blended antioxidant supplements in humans. Moreover, specific antioxidant blends may have varying effects on the human body, and their use should be ideally based on clinical evidence. The antioxidant blend used in the study was Twendee X, which has a similar composition to the commercially available supplement Oxycut(r).

"Although many types of antioxidant supplements are available, the effect is greater if multiple types are taken simultaneously rather than one type. However, it is difficult to know which type and how much to take, as it is possible to take too many of some vitamins," Prof. Fukui observes. "We recommend only taking multivitamins that are guaranteed to be safe," he cautions.

Besides choosing the right antioxidant supplement, adopting the right regimen can also confuse consumers. Future research on the individual differences in the effects of antioxidants can reduce confusion around the optimum dose and composition of antioxidant supplements. Over the long term, optimal use of antioxidant supplements may significantly reduce age-related health decline. "In the future, there will come a time when we will provide multi-supplements tailored to each individual. There will be no need to worry about overdosing," concludes Prof. Fukui.
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Early detection of language disorders helps children obtain right interventions | ScienceDaily
New screening tools in child health care are effective in identifying early language and communication difficulties in children. This is shown by two studies based on more than 6,000 children carried out by researchers at Uppsala University in cooperation with Region Gotland.


						
"These studies underline the crucial role that early screening plays in identifying children who could benefit from speech and language therapy," says Anna Faldt, researcher and specialist speech and language therapist.

In collaboration with Region Gotland, the Child Health and Parenting (CHAP) research group at Uppsala University has carried out two studies in the areas of early language development and language difficulties. Their research is based on data from the medical records of more than 6,000 children in Region Gotland between 2016 and 2022. They show that new screening tools in child health care are effective in identifying early language and communication difficulties in children.

"This research gives us important information for deciding whether these methods should be introduced. However, we also need to look at children's language abilities over a more extended period," Faldt stresses.

The first study, published in Acta Paediatrica, evaluated the impact of introducing Sprakfyran. This is a screening of four-year-olds in which a nurse tests the child, who has to perform tasks including imitating what it hears and pointing to pictures. The study included medical record data from more than 3,500 children and showed that the number of referrals to speech therapists increased sharply after the introduction of Sprakfyran -- from 0.4 to 6.9 per cent. Anna Levin, paediatrician and coordinator of child health services on Gotland, welcomes the results.

"This indicates that Sprakfyran can identify children in need of speech therapy at an early stage, which is very important in child health care," she says.

The second study, published in BMJ Paediatrics Open, evaluated the implementation of the Infant-Toddler Checklist (ITC) at the 18-month visit to child health services. The ITC is a questionnaire which asks parents to respond to questions about the way in which their child plays, expresses itself and understands language. With a sample of more than 2,600 children, the researchers found that the implementation of the ITC led to a high screening rate of 93 per cent and more referrals to child speech and language therapy. The research shows that the tool is an effective means of identifying communication and language disorders at an early stage.

"By implementing effective screening tools, we can make a big difference in giving children with delayed speech and language development the support they need," says researcher Anton Dahlberg.

The research was funded by Lansforsakringar Gotland.
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Simulations reveal mechanism behind protein build-up in Parkinson's disease | ScienceDaily
Researchers have used computational models to understand what drives the accumulation of alpha-synuclein protein, a key culprit in the development of Parkinson's disease.


						
The study, published today as a Reviewed Preprint in eLife, is described by the editors as providing important biophysical insights into the molecular mechanism underlying the association of alpha-synuclein chains, which is essential for understanding the development of Parkinson's disease. The data analysis is solid, and the methodology can help investigate other molecular processes involving intrinsically disordered proteins (IDPs).

IDPs play important roles in the human body. These proteins lack a well-defined 3D structure, which allows them to function in a flexible way -- adopting different roles as needed. However, this also makes them susceptible to irreversible aggregation, especially if mutated. These aggregates are known to be associated with various diseases, such as neurodegenerative diseases, cancer, diabetes and heart disease. For example, Alzheimer's disease is characterised by the aggregation of amyloid-beta protein, whereas Parkinson's disease is linked with the build-up of alpha-synuclein.

"A growing body of evidence has established a connection between intrinsically disordered proteins and liquid-liquid phase separation, or LLPS, the phenomenon you see if you mix oil and water," says lead author Abdul Wasim, a PhD student at the Tata Institute of Fundamental Research, Hyderabad, India. "This is of interest because LLPS is itself known to form subcellular compartments that can lead to incurable diseases."

It is known that alpha-synuclein can undergo LLPS, and that the aggregation of alpha-synuclein is influenced by crowding from nearby molecules and surrounding pH. But characterising the precise interactions and dynamics of these miniscule aggregate proteins is challenging.

"Previous attempts have simulated individual IDPs, but these simulations can be extremely time-consuming and resource-intensive, making the study of protein aggregation impractical even with cutting-edge software and hardware," explains senior author Jagannath Mondal, Associate Professor at the Tata Institute of Fundamental Research. "We used coarse-grained molecular dynamic simulations, which although offering lower resolution allowed us to study the aggregation of multiple IDPs in a mixture."

Using this model, the authors simulated the collective interaction of many alpha-synuclein chains within droplets under different conditions. First, by studying the protein chains mixed only with water, they found that around 60% of the protein chains remained free and did not show a strong and spontaneous tendency to aggregate together.




Next, they added in some 'crowder' molecules -- large biological molecules that make the environment a highly crowded space for proteins. Previous studies in Alzheimer's disease have shown increased aggregation of proteins in a crowded environment. As expected, the addition of crowders led to enhanced alpha-synuclein aggregation and the number of free proteins decreased.

Similarly, the team found that changing the ionic environment by adding salt also promoted aggregation. However, further exploration revealed that these two environmental factors -- crowding and salt -- caused aggregation by different mechanisms. Adding salt into the mix increased the surface tension of the droplets, but adding in crowder molecules had no surface tension effects. This is important to know, because the larger the surface tension, the higher the tendency of proteins to aggregate. Moreover, merging of droplets to alleviate surface tension is often seen in liquid-liquid phase separated (LLPS) droplets characteristic of diseases involving disordered proteins.

A characteristic of LLPS is that the protein molecules within droplets adopt an extended shape and all orient themselves in a consistent direction. So, the team next set out to see if this was true within their simulations. They found that proteins in the dense (highly concentrated) phase of the liquid-liquid separation indeed had an extended shape, irrespective of whether crowder molecules or salt were present -- all protein molecules had similar orientations -- suggesting that alpha-synuclein IDPs display the hallmarks of the LLPS phenomenon.

Next, the team wanted to find out how different alpha-synuclein proteins interact with each other to achieve these effects. By studying the position and features of different amino acids within the protein, they could work out the chances of them coming into contact under different conditions. This revealed that certain amino acids in the protein probably exist to prevent aggregation -- and that proteins orient themselves to minimise interactions between these residues.

The editors note that there are limitations to the study to be addressed. Namely, they say that benchmarking of the simulations against other methods could be improved to give the reader greater confidence in the conclusions presented.

"Together, these results suggest that both crowder molecules and salt enhance the aggregation of alpha-synuclein, while also stabilising the resulting aggregates," says Wasim. "Irrespective of the factors causing the aggregation, the interactions that drive the formation of droplets remain the same."

"Our study focused on normal alpha-synuclein and identified key sites within the protein that are crucial for aggregation," concludes Mondal. "Inherited mutations in alpha-synuclein are thought to significantly increase the likelihood of aggregation. These mutations, involving minor alterations to protein sequence, highlight the importance of understanding the molecular basis of this process."
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Investigators develop novel treatment for T-cell leukemias and lymphomas | ScienceDaily
A novel treatment for leukemias and lymphomas that arise from immune system T cells, developed by investigators at the Johns Hopkins Kimmel Cancer Center and its Ludwig Center and Lustgarten Laboratory, was found to be effective at killing these cancers in mice bearing human T-cell tumors.


						
The therapy, an antibody-drug conjugate (ADC), combines an antibody that targets a protein called TRBC1 expressed on the surface of T-cell cancers with an anti-cancer drug, called SG3249. The ADC works by using the antibody to seek out the cancer cells that express TRBC1. Then, those cancer cells ingest the ADC, where SG3249 is released and kills the cancer cells. A description of the work was published March 27 in Nature.

Each year, about 100,000 patients worldwide are affected by T-cell leukemias and lymphomas. Adults with relapsed T-cell cancers have limited therapeutic options and five-year survival rates of 7-38%.

"Developing treatments for T-cell leukemias and lymphomas is much more difficult than for leukemias and lymphomas arising from immune system B cells," explains senior study author Suman Paul, M.B.B.S., Ph.D., an assistant professor of oncology at the Johns Hopkins University School of Medicine. Effective therapies for B-cell cancers wipe out both cancerous and noncancerous B cells, but patients still do well even without the immune system B cells that help fight infections. However, if similar approaches are used and a treatment wipes out both normal and cancerous T cells, it would leave patients without a functioning immune system and at high risk of dying from infections.

"Not much drug development has happened in this space of T-cell leukemias and lymphomas," Paul says. "We need new therapies for these cancers, but whatever therapies we develop in the space have to be cancer-specific. We have to preserve some of the normal T cells and wipe out cancerous T cells at the same time."

T-cell cancers express either TRBC1 or TRBC2, while normal T cells express a mix of TRBC1 and TRBC2. Therefore, selective targeting of TRBC1 can potentially eradicate the normal and cancerous T cells expressing TRBC1 while preserving normal T cells expressing TRBC2. A recent clinical trial conducted elsewhere attempted to target TRBC1 cancers using chimeric antigen receptor (CAR) T-cell therapy. These CAR T cells are genetically engineered T cells that bind to and kill TRBC1 cells. CAR T-cell therapies are FDA-approved treatment options used in several B-cell cancers. However, after administering the TRBC1-targeting CAR T cell therapy in human patients, trial investigators reported that the CAR T cells were not persisting inside the patients. Such persistence is required for effective cancer cell-killing. Interested to understand why, Paul and colleagues found that the CAR T cells targeting TRBC1 could be killed by normal T cells, limiting their persistence.

This lack of CAR T-cell persistence led the team to try TRBC1 targeting with the use of antibody-drug conjugates. Paul and colleagues tried two different formulations of ADCs in mouse models of T-cell cancers. After a single injection of one formulation of the treatment, the cancers initially regressed but then recurred. After a single treatment with the anti-TRBC1-SG3249 ADC combination, investigators observed signs of cancer elimination within seven days and the cancers were eventually undetectable, with no recurrences. "The tumors didn't come back, and we followed the mice for more than 200 days," Paul explains.




The treatment was able to eliminate the cancer while preserving half of the remaining normal T cells. "The residual normal T cells should be sufficient to maintain some immune system protection against infectious diseases," Paul says.

"Witnessing the successful elimination of T-cell cancers while sparing normal T cells in preclinical models was truly gratifying," adds Jiaxin Ge, a co-author of the study and third-year Ph.D. student in the Ludwig Center. "We believe this approach has the potential to address a critical unmet need in oncology, and we're committed to advancing it through further research."

Tushar Nichakawade, first author on the study and a fourth-year Ph.D. student at the Ludwig Center, says, "There are so many lessons to learn from the clinic and it has been exciting to be a part of the iterative process of drug discovery. Every therapy has its pros and cons, but the preclinical efficacy of our ADC gives me hope that it can make a difference for patients suffering from these terrible cancers."

Investigators are now working with an industry partner to conduct early-phase safety and efficacy trials in human patients.

The study's co-authors were Brian J. Mog, Bum Seok Lee, Alexander H. Pearlman, Michael S. Hwang, Sarah R. DiNapoli, Nicholas Wyhs, Nikita Marcou, Stephanie Glavaris, Maximilian F. Konig, Sandra B. Gabelli, Evangeline Watson, Cole Sterling, Nina Wagner-Johnston, Sima Rozati, Lode Swinnen, Ephraim Fuchs, Drew M. Pardoll, Kathy Gabrielson, Nickolas Papadopoulos, Chetan Bettegowda, Kenneth W. Kinzler, Shibin Zhou, Surojit Sur and Bert Vogelstein of Johns Hopkins.

The work was supported in part by The Virginia and D.K. Ludwig Fund for Cancer Research, Lustgarten Foundation for Pancreatic Cancer Research, Commonwealth Fund, Bloomberg~Kimmel Institute for Cancer Immunotherapy, Bloomberg Philanthropies and the National Institutes of Health Cancer Center Support Grant P30 CA006973. Paul was supported by the National Cancer Institute (grant K08CA270403), the Leukemia Lymphoma Society Translation Research Program Award, the American Society of Hematology Scholar Award and the Swim Across America Translational Cancer Research Award.
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Wound treatment gel fights the battle against antibacterial resistance | ScienceDaily
Hydrogels are popular for use in skin ailments and tissue engineering. These polymer-based biocompatible materials are useful for their abilities to retain water, deliver drugs into wounds, and biodegrade. However, they are complicated to manufacture and not very resilient to external forces like rubbing against clothing, sheets, or wound dressings. They are also not inherently able to battle bacterial infections, so they are often infused with antimicrobial drugs or metal ions, which can cause antibiotic resistance and negative effects on cell growth.


						
In a paper published this week in APL Materials, by AIP Publishing, researchers created a hydrogel that is easier to synthesize, contains natural antibiotic properties, and promotes cell growth.

"A diabetic patient may have skin wounds that do not heal easily due to metabolic disease," author Jing Sun said. "The patient may try to treat the wounds with topical medicines such as erythromycin, and it may be effective at first, but over a long period of time, it may fail to relieve symptoms. This could be due to antibiotic resistance."

Using the common hydrogel Gel-MA, they added the amino acid polylysine and platelet-rich blood plasma to create properties that are well-suited to wound care. The result is a hydrogel that is stronger, expands in the wound, lasts longer, kills bacteria, and creates a healthy environment for new cells to grow.

"The hydrogel continuously releases polylysine on the wound surface and continuously inhibits bacterial growth," Sun said. "We chose e-polylysine because it can inhibit the growth of bacteria and solve the problem of antibiotic abuse, drug resistance, and does not affect the proliferation and development of cells. It can also conjugate with gelatin methacrylate, which plays an antimicrobial role and enhances the mechanical strength of the hydrogel."

In tests with E. coli and S. aureus, the bacterium that causes staph infection, the hydrogel damaged bacteria cell membranes and led to bacterial cell death. For healthy cells, the inclusion of platelet-rich blood plasma resulted in a release of growth factors and an increase of viable cells.

"The most interesting and exciting moment for me was when we mixed the polylysine and platelet-rich plasma solutions to see if they could form a hydrogel under UV irradiation," Sun said.

The experiment worked, and the hydrogel can be cured under a UV lamp for 30 seconds instead of curing by repeatedly freezing and thawing for up to 8 hours.

"As a clinician and researcher in dermatology, I have the obligation to provide better treatments for patients," Sun said. "Patients with chronically infected wounds combined with metabolic diseases, such as diabetes, malnutrition, and other diseases, as well as long-term bedridden patients will be helped by this solution."
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Scientists link certain gut bacteria to lower heart disease risk | ScienceDaily
Changes in the gut microbiome have been implicated in a range of diseases including type 2 diabetes, obesity, and inflammatory bowel disease. Now, a team of researchers at the Broad Institute of MIT and Harvard along with Massachusetts General Hospital has found that microbes in the gut may affect cardiovascular disease as well. In a study published in Cell, the team has identified specific species of bacteria that consume cholesterol in the gut and may help lower cholesterol and heart disease risk in people.


						
Members of Ramnik Xavier's lab, Broad's Metabolomics Platform, and collaborators analyzed metabolites and microbial genomes from more than 1,400 participants in the Framingham Heart Study, a decades-long project focused on risk factors for cardiovascular disease. The team discovered that bacteria called Oscillibacter take up and metabolize cholesterol from their surroundings, and that people carrying higher levels of the microbe in their gut had lower levels of cholesterol. They also identified the mechanism the bacteria likely use to break down cholesterol. The results suggest that interventions that manipulate the microbiome in specific ways could one day help decrease cholesterol in people. The findings also lay the groundwork for more targeted investigations of how changes to the microbiome affect health and disease.

"Our research integrates findings from human subjects with experimental validation to ensure we achieve actionable mechanistic insight that will serve as starting points to improve cardiovascular health," said Xavier, who is a core institute member, director of the Immunology Program, and co-director of the Infectious Disease and Microbiome Program at the Broad. He is also a professor at Harvard Medical School and Massachusetts General Hospital.

Postdoctoral researcher Chenhao Li and research scientist Martin Strazar, both in Xavier's lab, were co-first authors on the study.

Cholesterol cues

In the past decade, other researchers have uncovered links between composition of the gut microbiome and elements of cardiovascular disease, such as a person's triglycerides and blood sugar levels after a meal. But scientists haven't been able to target those connections with therapies in part because they lack a complete understanding of metabolic pathways in the gut.

In the new study, the Broad team gained a more complete and detailed picture of the impact of gut microbes on metabolism. They combined shotgun metagenomic sequencing, which profiles all of the microbial DNA in a sample, with metabolomics, which measures the levels of hundreds of known and thousands of unknown metabolites. They used these tools to study stool samples from the Framingham Heart Study.




"The project outcomes underline the importance of high-quality, curated patient data," Strazar said. "That allowed us to note effects that are really subtle and hard to measure and directly follow up on them."

The approach uncovered more than 16,000 associations between microbes and metabolic traits, including one that was particularly strong: People with several species of bacteria from the Oscillibacter genus had lower cholesterol levels than those who lacked the bacteria. The researchers found that species in the Oscillibacter genus were surprisingly abundant in the gut, representing on average 1 in every 100 bacteria.

The researchers then wanted to figure out the biochemical pathway the microbes use to break down cholesterol. To do this, they first needed to grow the organism in the lab. Fortunately, the lab has spent years collecting bacteria from stool samples to create a unique library that also included Oscillibacter.

After successfully growing the bacteria, the team used mass spectrometry to identify the most likely byproducts of cholesterol metabolism in the bacteria. This allowed them to determine the pathways the bacteria uses to lower cholesterol levels. They found that the bacteria converted cholesterol into intermediate products that can then be broken down by other bacteria and excreted from the body. Next, the team used machine-learning models to identify the candidate enzymes responsible for this biochemical conversion, and then detected those enzymes and cholesterol breakdown products specifically in certain Oscillibacter in the lab.

The team found another gut bacterial species, Eubacterium coprostanoligenes, that also contributes to decreased cholesterol levels. This species carries a gene that the scientists had previously shown is involved in cholesterol metabolism. In the new work, the team discovered that Eubacterium might have a synergistic effect with Oscillibacter on cholesterol levels, which suggests that new experiments that study combinations of bacterial species could help shed light on how different microbial communities interact to affect human health.

Microbial messages

The vast majority of genes in the human gut microbiome remains uncharacterized, but the team is confident that their success in pinpointing cholesterol-metabolizing enzymes paves the way for the discovery of other similar metabolic pathways impacted by gut microbes, which could be targeted therapeutically.




"There are many clinical studies trying to do fecal microbiome transfer studies without much understanding of how the microbes interact with each other and the gut," Li said. "Hopefully stepping back by focusing on one particular bug or gene first, we'll get a systematic understanding of gut ecology and come up with better therapeutic strategies like targeting one or a few bugs."

"Because of the large number of genes of unknown function in the gut microbiome, there are gaps in our ability to predict metabolic functions," Li added. "Our work highlights the possibility that additional sterol metabolism pathways may be modified by gut microbes. There are potentially a lot of new discoveries to be made that will bring us closer to a mechanistic understanding of how microbes interact with the host."

Funding: This work was supported by the National Institutes of Health.
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Gloom and doom warnings about climate change do not work | ScienceDaily
If you want to spread a message about climate change and global warming, you need to adapt the message according to your intended audience and what you want to achieve.


						
Researchers have now developed an app to help people who want to spread their message on climate issues to ensure they generate the most support possible -- be they researchers, politicians, various decision makers or legislators.

Huge survey involving 63 countries

59,000 people participated in surveys as part of the work on creating the app, and Norway was among the 63 countries involved. (You can read about what works best in Norway later in the article)

"The research team created this app that can help raise climate awareness and climate action globally. It is important to highlight messages that research shows are effective," says Isabel Richter, Associate Professor at the Norwegian University of Science and Technology (NTNU's) Department of Psychology.

In total, nearly 250 researchers were involved in the work of testing out different climate messages and tactics. Richter was part of the research team along with colleagues Senior Researcher Stepan Vesely and Professor Christian Klockner, also from NTNU's Department of Psychology.

Previous studies have concentrated on checking attitudes towards individual measures. These might include recycling, use of public transport and energy-saving measures in the home. However, this study looked at a number of different variations. It also received answers from people all around the world, and not only Western, industrialised countries.




The researchers collected data between July 2022 and May 2023, so the figures are very recent. Both the app and the method behind it have now been presented in the Science Advances journal.

Multiple variations

The researchers exposed people to different variations of climate messages and tasks related to climate change. They then investigated their attitudes towards the different climate measures and other types of responses.

To measure how effective the methods were, they checked how willing the participants were to support different points of view and measures regarding climate change. For example, participants were asked whether they saw climate change as a serious threat, whether they supported a carbon tax on fossil energy, or whether they would plant trees themselves as part of the solution.

The researchers also tested whether participants were willing to share messages on social media, such as eating less meat in order to mitigate climate change.

Here are some of the results:
    	INTIMIDATION: "Climate change poses a serious threat to humanity." 

All tactics increased the likelihood of people sharing the climate message on social media, and this doom and gloom messaging style was most effective, at least globally. However, sharing requires little effort from the person doing it. In some countries, scare tactics reduce support for reforestation, a real measure that requires more effort but may work. Scare tactics also reinforced the negative attitudes of people who are already climate sceptics.
    	KNOWLEDGE: "99% of climate experts believe the planet is getting warmer and that climate change is primarily due to human activity." 




Some messages produce different results in different countries. This message, which appeals to the recipient's sense of knowledge, increased support for climate measures in Romania by 9 per cent. In Canada, however, it reduced support by 5 per cent.
    	EMOTIONS: Writing a letter to a child who is close to you about the climate measures we are taking today to make the planet a liveable place in 2055.

This tactic increased support for climate measures in Nigeria, Russia, Ghana, Brazil and the United States by between 5 and 10 per cent. However, in countries such as India, Serbia and the United Arab Emirates, it had little effect, or even reduced support slightly.

Other variations the researchers tested included presenting climate measures that have already been successfully implemented in the past, or portraying climate measures as patriotic or popular choices. Participants were also asked to imagine writing a letter to their future self telling them what type of climate measures they should have taken.

86 per cent believe climate change is a threat

Attitudes varied widely from country to country and depended on both demographics and beliefs. The researchers also divided people into groups according to their nationality, political ideology, age, gender, education, and income.

The results showed that 86 per cent of the participants believed that climate change poses a threat.

More than 70 per cent were supporters of systematic and collective measures to address climate change.

No point in using scare tactics in Norway

Gloom and doom messages about climate change do not work in Norway.

"Writing a letter to future generations is most effective in increasing political support for climate measures, and in increasing the belief that climate change is a problem. The second most effective measure is to say that almost all climate experts agree," Klockner said.

Dire warnings and writing a letter to your future self were the least effective measures in Norway.

"All the alternatives made people in Norway less inclined to share a climate message on social media," adds Richter. In other words, in complete contrast to the results seen globally.

However, people in Norway are quite eager to do something themselves, like planting trees. Here, it is most effective to focus on moral responsibility, the fact that many people acknowledge that climate change is a problem, and also that there is consensus among climate experts.

"The way that I choose to interpret it is that people in Norway like to do something concrete instead of just sharing things on social media," says Associate Professor Richter.

Researchers from New York University and the University of Vienna led the study, but NTNU's contribution was also significant.

"We were involved from the very beginning, developing possible interventions. We assessed intervention proposals from other partners, improved them in collaboration with the group and helped determine which interventions should actually be implemented," says Vesely.

Vesely and Klockner led and funded the collection of data in Norway.

Richter has good contacts in a number of African countries, the involvement of which is not always that easy to get in these types of studies. Among other things, she co-funded and participated in the collection of data from Kenya in particular.

Approximately 50 per cent of the Norwegian funding came from the Norwegian School of Economics (NHH). NHH also organised data collection through Ipsos.

Messages need to be adapted

Some activists believe that scare tactics are precisely what is needed in order for people to take action themselves. Others are of the opinion that it is depressing, demoralising and counterproductive. The study supports both of these hypotheses, but it depends on what you want to achieve.

Scare tactics work if your main focus is on getting people to post about their support on social media, but the venting of anger and frustration on Facebook, TikTok or X doesn't necessarily help the environment. If you want to gather support for things that may actually work, you need to use other means.

It is quite easy to get people to do things that do not require much effort, such as sharing a message on social media.

"Sharing something on social media can in itself feel like taking action. People may feel like 'Now that I have done something, I can get on with my life'. This is behaviour with a very low threshold," says Associate Professor Richter.

However, based on the results from around the world, none of the methods made people more willing to plant more trees for the sake of the environment -- a measure that means people have to put an effort in themselves.

"The findings show that spreading a climate message depends on people's attitudes towards climate change in the first place. Legislators and campaigners must adapt their messaging to the public," says Madalina Vlasceanu, Assistant Professor at New York University and one of the people who led the research project.
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Infant gut microbes have their own circadian rhythm, and diet has little impact on how the microbiome assembles | ScienceDaily
Infant gut microbiomes oscillate with a circadian rhythm, even when they are cultivated outside of the body. Researchers report April 2 in the journal Cell Host & Microbe that the rhythm is detectable as early as 2 weeks after birth but becomes more pronounced with age. The finding comes from a randomized controlled trial that also showed that diet has less impact on the development and composition of the infant microbiome than previously thought.


						
"We found that even at very early ages of colonization, the microbial ecosystem develops this circadian rhythmicity," says senior author and microbiome expert Dirk Haller of the Technical University of Munich. "We have shown these rhythms before in adults, but we were not sure when these mechanisms first appear."

While diet had only a marginal impact on infant microbiome development, the researchers showed that age plays a more important role.

"Diet matters, but less than aging of the gut," says Haller. "When we compared breastfed and formula-fed infants, the differences in microbiome colonization were marginal. Our intestinal system is probably a little bit more flexible in adapting to what the environment has to offer."

The researchers used a randomized controlled trial to compare microbiome development in infants that were exclusively breastfed with infants who received different types of formula -- un-supplemented formula; formula containing breast-milk-derived bacteria (Bifidobacteria); formula containing breast-milk-mimicking sugars (galacto-oligosaccharides, GOSs); or formula containing both Bifidobacteria and GOSs. Altogether, the trial included 210 infants.

To longitudinally track the infants' microbiomes, the team sampled the infants' stools when they were 0.5 months, 1 month, 3 months, 7 months, and 12 months of age as well as at 24 months for a subset of the infants. They also kept note of the time of day that the stool sample was collected.

The researchers found that diet had little impact on infant growth or the differences in the infants' microbiomes. Though there was a lot of variation, all of the infants showed a gradual increase in gut microbe diversity, and at 24 months there was no observable difference between the groups. When they compared the different types of formula, they found that GOS-supplemented infant formula was more effective at promoting sustained levels of Bifidobacteria compared to formula containing Bifidobacteria.




However, there was a significant difference in the gut metabolite profile between exclusively breastfed and formula-fed infants. "The metabolite environment in the gut is dramatically different between a baby that is exclusively breastfed and babies that receive infant formula, which could have a fundamental impact on metabolic priming and many downstream effects," says Haller. "We can conclude that breast milk does something completely different in the metabolism in in the infant's intestine."

The researchers also observed rhythmic 24-hour fluctuations in the abundance of different microbiome species. When they took infant microbes and grew them in continuous culture in the lab, the bacteria settled into the same circadian rhythm -- even in the absence of external light or host cues. Though circadian rhythms have been previously observed in adult microbiomes, this is the first evidence that bacteria maintain these rhythms independently.

"When we take them out, they maintain these daytime-related diurnal oscillations," Haller says. "This is fairly surprising because it suggests that the bacteria have some intrinsic mechanism that provides some sort of adaptation to a day and night cycle, which could potentially give them an advantage in colonizing the human intestine."

The researchers plan to further investigate microbiome circadian rhythms in future studies. Specifically, they want to examine whether individual bacterial species maintain rhythms when grown in isolation rather than in complex communities and to search for the genes that control these rhythms.

"For us, the next question is can we identify mechanisms in bacteria that control their circadian behavior," says Haller.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240402135806.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Reducing late-night alcohol sales curbed all violent crimes by 23% annually in a Baltimore neighborhood | ScienceDaily
A new study found that reducing alcohol hours of sale for bars and taverns in a Baltimore, Md. neighborhood also reduced homicides by 51 percent within the first month and by 40 percent annually, pointing to possible opportunities for other cities to address excessive drinking and crime.


						
Simply reducing the hours during which alcohol may be purchased can significantly reduce violent crime, according to a new study led by Boston University School of Public Health (BUSPH) and the Alcohol Research Group of Emeryville, Calif. The findings were published in JAMA Internal Medicine on Monday, April 1.

Substantial research has linked alcohol sales at liquor stores and other establishments to increased neighborhood crime, but this is the first study to look at the impact of changing the hours of sale in a low-income neighborhood on crime in that neighborhood.

The study found that shortening overnight operations by seven hours at bars and taverns in a Baltimore, Md. neighborhood resulted in a 51 percent immediate drop in homicides within the first month, followed by a 23 percent decline in all violent crimes annually in the surrounding area, compared to similar neighborhoods with no change in hours of sale. Homicide rates decreased by 40 percent in each subsequent year.

"We were able to take advantage of this natural experiment, and apply rigorous analytic methods to assess the effect of the change," says study lead author Dr. Erika Rosen of the Alcohol Research Group. "While we expected to see some change, the size of the drop in crime was even more significant than we expected."

The research team evaluated the impact of the Maryland Senate Bill 571 (SB571) passed by the state legislature in 2020. The bill reduced the hours of sale for alcohol in 2020, from 20 hours per day to 13 hours per day (from 6 a.m. to 2 am, to 9 a.m. to 10 p.m.).Their analysis also estimated that this reduction in crime saved the City of Baltimore an estimated $18.2 million in annual costs.

These findings suggest that reducing late-night hours of sale may be an effective way for cities to curb excessive drinking -- a persistent problem that worsened nationwide during the COVID-19 pandemic -- as well as homicides, assaults, and other crimes.




The study team utilized publicly available data to measure total violent crime incidents within 800 feet of bars and taverns in a Baltimore neighborhood from May 2018 to December 2022 -- before and after the new legislation on hours of operation was implemented in September 2020. The team focused on total late-night crime occurrences between 8 p.m. and 4 a.m. around 26 bars and taverns, because these are the times at which crime is most likely to be associated with alcohol use. Then they compared these crimes to crimes happening near 41 other bars and taverns with unchanged hours of operation in demographically similar Baltimore neighborhoods.

The study assessed both violent crime -- defined as homicide, robbery, aggravated assault, and forcible rape -- and common assault, adjusting for neighborhood factors such as population size, percentage of Black and White residents, alcohol outlet totals per square mile, neighborhood disadvantage, and number of convenience stores.

Notably, the researchers also conducted additional sensitivity analyses that confirmed the decline of late-night crimes, suggesting that crimes did not shift to earlier hours of the day or to adjacent neighborhoods.

"Changing the hours of service and sale of alcohol is a relatively simple intervention," said study co-author Dr. David Jernigan, professor of health law, policy & management at BUSPH. "Yet our findings suggest that, even in a period like the COVID-19 pandemic when alcohol consumption was rising, this policy has great promise for other cities and neighborhoods seeking to prevent and reduce crime."

Additional research is needed to test this policy in other cities and for longer periods of time, but the researchers hope this evaluation serves as a potential model for other cities to consider implementing to decrease crime in their neighborhoods and support residents' overall health and safety.

"Our study provides new and compelling evidence that supports the World Health Organization's three "best buys" to reduce alcohol attributable morbidity and mortality through reducing availability of alcoholic beverages, along with increasing prices via taxation and banning alcohol marketing," says study senior author Dr. Ziming Xuan, professor of community health sciences "These findings highlight the critical importance of population-based alcohol policies in violence prevention."

Funding for the study was provided by a pilot research grant from BUSPH, the National Institute on Alcohol Abuse and Alcoholism, and the Centers for Disease Control and Prevention.
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Golfers' risk from pesticides used on turfgrass is likely low | ScienceDaily
For many, spring heralds fresh air and exercise on the golf course. But do players risk exposure to unsafe levels of pesticides used to beautify and maintain a golf course's green grass? To find out, researchers asked volunteers to play 18 holes on a simulated course sprayed with common pesticides. They report the results in ACS Agricultural Science & Technology, saying there is likely limited cause for concern over toxic exposure from pesticide-treated turf.


						
There are plenty of studies on pesticide exposure among people who tend and harvest crops grown in treated environments. But John M. Clark and colleagues couldn't find much comparable information about individuals who play sports, including soccer and golf, in the great outdoors. So, his team designed a study to investigate golfers' potential risks from four pesticides, which have low volatilities and relatively low toxicities for humans, and are commonly used on golf course turfgrass: cyfluthrin (insecticide), chlorothalonil (fungicide), MCPP-p (herbicide) and 2,4-D (herbicide).

For the study, the researchers created what they deemed a "worst-case-scenario" 18-hole course: All areas of a simulated golf course were treated with the manufacturers' suggested maximum amount of all four pesticides. Then they recruited eight volunteer golfers to play a full round on the treated turf one hour after pesticide application and to remain on the course for four hours. To measure pesticide exposure, four of the volunteers wore cotton full-body suits with veils, socks and gloves that would pick up contact residues and personal air samplers that would capture airborne residues. The other four volunteers wore cut-off cotton suits over their own golfing clothes and submitted urine samples after the round.

After the volunteers finished golfing, Clark's team measured pesticide residues on the dosimetry suits and air samplers and found that the hand and lower leg segments picked up the most residue while airborne residues contributed little to exposure. The researchers also measured the volunteers' exposure risk from the levels of pesticides found on the suits and in the urine samples by calculating the hazard quotient (HQ). The team found that the HQ values from the golfers' exposure indicated little risk to the four pesticides used in this study.

Finally, Clark and colleagues compared the insecticide cyfluthrin results to their 2008 Journal of Agricultural and Food Chemistry study with older, neurotoxic insecticides at the same simulated golf course site -- and using the same protocols. Both studies' HQ values were well below 1.0, the level that indicates potentially unsafe exposure. However, in the prior work, the volunteers' urinalysis HQ values of 0.0318 and 0.054 for chlorpyrifos and carbaryl, respectively, were an order of magnitude greater than the volunteers' urinalysis HQ of 0.0043 from this 2024 study with the insecticide cyfluthrin. The researchers say this comparison shows the potential benefit of using modern, lower volatility and less toxic pesticides, which could further reduce golfers' risk of adverse effects from exposure.

The authors acknowledge funding from the United States Golf Association and the New England Regional Turf Foundation. 
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Researchers develop more broadly protective coronavirus vaccine | ScienceDaily
Scientists have been searching for the optimal coronavirus vaccine since the Covid-19 pandemic started. The mRNA vaccines developed through the federal government's "Operation Warp Speed" program were a massive innovation; however, annually updating those boosters for specific SARS-CoV-2 variants is inefficient for scientists and patients. SARS-CoV-2 is just one member of the Sarbecovirus (SARS Betacoronavirus) subfamily (others include SARS-CoV-1, which caused the 2002 SARS outbreak, as well as other viruses circulating in bats that could cause future pandemics).


						
Researchers at the Georgia Institute of Technology and the University of Wisconsin-Madison have developed a new vaccine that offers broad protection against not only SARS-CoV-2 variants, but also other bat sarbecoviruses. The groundbreaking trivalent vaccine has shown complete protection with no trace of virus in the lungs, marking a significant step toward a universal vaccine for coronaviruses.

"We had been working on strategies to make a broadly protective vaccine for a while," said Ravi Kane, professor in the School of Chemical and Biomolecular Engineering. "This vaccine may protect not just against the current strain circulating that year, but also future variants."

They presented their findings in "Broad protection against clade 1 sarbecoviruses after a single immunization with cocktail spike-protein-nanoparticle vaccine," published in the February edition of Nature Communications.

Kane and his research group have been working on the technologies to develop more widely protective vaccines for viruses since he joined Georgia Tech in 2015. Although the team didn't specifically foresee Covid-19 arising when it did, pandemics have regularly occurred throughout human history. While the team pivoted their vaccine research to address coronaviruses, they were surprised by how rapidly each new variant arose, making their broader vaccine even more necessary.

Once they realized the challenge inherent in how fast SARS-CoV-2 mutates, they had two options for how to build a vaccine: design one to be widely preventative against the virus, or use the influenza vaccine, which updates annually for the anticipated prevalent variant, as a model.

Making a broad vaccine is more appealing because it enables patients to get one shot and be protected for years. To create their general vaccine, Kane's team capitalized on the key to the original mRNA vaccines -- the spike protein, which binds the virus to healthy cells. Their vaccine uses three prominent spike proteins, or a trivalent vaccine, to elicit a broad enough antibody response to make the vaccine effective against SARS-CoV-2 variants as well as other sarbecoviruses that have been identified as having pandemic potential.

"If you know which variant is circulating, you can immunize with the spike protein of that variant," Ph.D. student and co-author Kathryn Loeffler said. "But a broad vaccine is more difficult to develop because you're protecting against many different antigens versus just one."

Collaborators in the Kawaoka group at the University of Wisconsin tested their vaccine in hamsters, which they had previously identified as an appropriate animal model to evaluate vaccines and immunotherapies against SARS-CoV-2. The vaccine was able to neutralize all SARS-CoV-2 omicron variants tested, as well as non-SARS-CoV-2 coronaviruses circulating in bats. Even better, the vaccine provided complete protection with no detectable virus in the lungs.

Kane hopes that the vaccine strategy his team identified can be applied to other viruses -- other coronavirus subfamilies as well as other viruses such as influenza viruses. They also expect that some of the specific antigens they describe in this paper can be moved toward preclinical trials. Someday, a trivalent vaccine could comprise a routine part of people's medical treatment.
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Scientists pioneer immunotherapy technique for autoimmune diseases | ScienceDaily
Mayo Clinic scientists have developed an immunotherapy strategy that potentially lays the groundwork for treating a spectrum of autoimmune diseases.


						
The new technique, detailed in a preclinical study published in Nature Biomedical Engineering, involves combining chimeric antigen receptors (CAR) with mesenchymal stromal cells (MSC), resulting in engineered stem cells known as CAR-MSCs.

"The pioneering approach shows potential in targeting inflammatory disease sites more precisely and improving immunosuppression and healing outcomes," says Saad Kenderian, M.B., Ch.B., a principal investigator and hematologist at Mayo Clinic. "We're planning to study interventions that minimize the need for long-term medications for autoimmune diseases."

The combination approach centers on mesenchymal stromal cells, which are found in various tissues in the body, including bone marrow, fat tissue and umbilical cord blood. These cells have the unique ability to transform into several specific types of cells such as bone cells, cartilage cells and fat cells.

Mesenchymal stromal cells are known for calming down the immune system, controlling inflammation and promoting immune tolerance to prevent the body's own tissues from being attacked.

Within this CAR-MSCs framework, mesenchymal stromal cells are engineered with chimeric antigen receptors, which are molecular tools engineered to recognize specific disease-related markers.

Chimeric antigen receptors have three crucial functions: 1) Target and attach to specific markers on diseased cells. 2) Act as an anchor to ensure the chimeric antigen receptors stay connected to the target. 3) Initiate signaling to activate a robust immune response.




While mesenchymal stromal cells have been extensively studied in isolation in autoimmune contexts, their efficacy has fallen short. The combined CAR-MSC therapeutic strategy tackles two key challenges: Mesenchymal stromal cells by themselves have difficulty calming down the strong immune reactions in autoimmune conditions, and they struggle to travel to and attach to the areas of inflammation.

Engineering mesenchymal stromal cells with chimeric antigen receptors shows potential in enhancing their ability to target specific cells or markers and improve their therapeutic impact.

How CAR-MSCs target inflammation

For the study, Dr. Kenderian and his team developed CAR-MSCs to specifically target a protein linked to a condition called graft-versus-host disease, as well as inflammatory bowel diseases, such as ulcerative colitis and Crohn's disease.

Graft-versus-host disease occurs when cells from a donor attack the tissues of the person receiving them, typically following a bone marrow or stem cell transplant.

In mouse models, upon stimulation by the specific protein they were designed to target, CAR-MSCs showed improved ability to go to the inflamed area, have better control of inflammation and improve outcomes and survival. This was mediated by a change in the genetic signature of CAR-MSCs, the proteins they released and receptor expression.

Dr. Kenderian emphasizes that these preliminary findings set the stage for future applications of this technology, paving the way to enhance the therapy's versatility to address various diseases across the autoimmune spectrum.

This study builds upon a series of previously published studies on CAR-T therapy led by Dr. Kenderian and his collaborators at Mayo Clinic's Center for Individualized Medicine, Center for Regenerative Biotherapeutics and the Mayo Clinic Comprehensive Cancer Center. Dr. Kenderian is also investigating ways to make CAR-T cell therapy more accessible to patients through on-site biomanufacturing at Mayo Clinic's campuses in Rochester, Minnesota and Jacksonville, Florida.

Review the study for a complete list of authors, disclosures and funding.
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I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans | ScienceDaily
Using a blink-and-you'll-miss-it experiment, researchers from Trinity College Dublin have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others.


						
This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

The rate with which we perceive the world is known as our "temporal resolution," and in many ways it is similar to the refresh rate of a computer monitor.

The researchers, from the Department of Zoology in the School of Natural Sciences and the Trinity College Institute of Neuroscience, found that there is considerable variation among people in their temporal resolution, meaning some people effectively see more "images per second" than others.

To quantify this, the scientists used the "critical flicker fusion threshold," a measure for the maximum frequency at which an individual can perceive a flickering light source.

If the light source flickers above a person's threshold, they will not be able to see that it is flickering, and instead see the light as steady. Some participants in the experiment indicated they saw the light as completely still when it was in fact flashing about 35 times per second, while others were still able to perceive the flashing at rates of over 60 times per second.

Clinton Haarlem, PhD Candidate in the School of Natural Sciences, is the first author of the article that has just been published in leading journal PLOS ONE. He said: "We also measured temporal resolution on multiple occasions in the same participants and found that even though there is significant variation among individuals, the trait appears to be quite stable over time within individuals."

Though our visual temporal resolution is quite stable from day to day in general, a post-hoc analysis did suggest that there may be slightly more variation over time within females than within males.




"We don't yet know how this variation in visual temporal resolution might affect our day-to-day lives, but we believe that individual differences in perception speed might become apparent in high-speed situations where one might need to locate or track fast-moving objects, such as in ball sports, or in situations where visual scenes change rapidly, such as in competitive gaming," added Clinton Haarlem.

"This suggests that some people may have an advantage over others before they have even picked up a racquet and hit a tennis ball, or grabbed a controller and jumped into some fantasy world online."

Andrew Jackson, Professor in Zoology in Trinity's School of Natural Sciences, said: "What I think is really interesting about this project is how a zoologist, a geneticist and a psychologist can all find different angles to this work. For me as a zoologist the consequences of variation in visual perception likely has profound implications for how predators and prey interact, with various arms-races existing for investment in brain processing power and clever strategies to exploit weaknesses in one's enemy."

Kevin Mitchell, Associate Professor in Developmental Neurobiology in Trinity's School of Genetics and Microbiology, and the Trinity College Institute of Neuroscience, said: "Because we only have access to our own subjective experience, we might naively expect that everyone else perceives the world in the same way we do. Examples like colour blindness show that isn't always true, but there are many less well known ways that perception can vary too. This study characterises one such difference -- in the 'frame rate"' of our visual systems. Some people really do seem to see the world faster than others."
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Study uses artificial intelligence to show how personality influences the expression of our genes | ScienceDaily
An international study led by the UGR using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.


						
The study, published in the journal Molecular Psychiatry (Nature), examines how an individual's personality and underlying outlook on life regulate their gene expression, and thus affect their health and well-being. It is the first study to measure the transcription of the entire genome in relation to human personality.

The multi- and interdisciplinary study was led by researchers from the Andalusian Interuniversity Research Institute in Data Science and Computational Intelligence (DaSCI), the UGR's Department of Computer Science and Artificial Intelligence, and the Biohealth Research Institute in Granada (ibs.GRANADA). It was carried out in collaboration with Professor Robert Cloninger (Washington University in St. Louis), researchers from Baylor College of Medicine (Texas, USA) and the Young Finns Study (Finland).

The international research team (made up of specialists in genetics, medicine, psychology and computer science) used data from the Young Finns Study, an extensive study conducted in the general population of Finland over four decades during which relevant information was collected on participants' health, physical condition and lifestyle. In addition, participants were subjected to extensive personality assessments that addressed both temperament (habits and emotional reactivity) and character (conscious goals and values). The results showed that certain outlooks on life are conducive to a healthy, fulfilling and long life, while others lead to a stressful, unhealthy and short life.

The study analysed the regulation of gene expression in these individuals, taking into account three levels of self-awareness that were measured through their combined temperament and character profiles. These levels were designated "unregulated" -- individuals dominated by irrational emotions and habits associated with their traditions and obedience to authority, "organised" -- self-sufficient individuals capable of intentionally regulating their habits and cooperating with others for mutual benefit, and lastly, "creative" -- self-transcendent individuals who adapt their habits to live in harmony with others, with nature or with the universe, even if this requires occasional personal sacrifices.

Two key findings

As UGR researcher and co-lead author of the study Coral del Val explains: "In our research we made two key discoveries about the expression and organisation of genes according to the personality profiles of these individuals. First, we discovered a network of 4,000 genes that clustered into multiple modules that were expressed in specific regions of the brain. Some of these genes had already been linked in previous studies to the inheritance of human personality. Second, we discovered that the modules formed a functional interaction network capable of orchestrating changes in gene expression in order to adapt to varying internal and external conditions. The modules turned on and off in a flexible manner, facilitating adaptation to the everyday challenges we all face, and choreographing our development."

The researchers showed that the changes in the patterns of interaction between these modules were orchestrated by two sub-networks. One network regulated emotional reactivity (anxiety, fear, etc.), while the other regulated what a person perceives as meaningful (e.g. production of concepts and language). "What's most remarkable is the fact that the networks for emotion and meaning are coordinated by a control centre made up of six genes," notes Elisa Diaz de la Guardia-Bolivar, the other co-lead author of the study. "It is particularly interesting that we found that the six genes of the control hub are highly preserved throughout evolution, from single-celled organisms to modern humans. This finding confirms their beneficial role in regulating the functioning of all forms of life on Earth," she adds.




Identifying these gene networks and the control hub regulating gene expression in humans has practical value because it shows how people can improve the quality of their health, happiness and overall quality of daily life, despite the challenges and stresses we all face.

The UGR's Igor Zwir explains: "In previous research, we found significant differences in well-being between people in the three personality groups, depending on their level of self-awareness. Specifically, those with greater self-awareness (the creative group) reported greater well-being compared to the organised and unregulated groups. We have now shown that these levels of self-awareness are also strongly associated with the regulation of gene expression in the same order (creative > organised > unregulated). This suggests that a person can improve their health and well-being by cultivating a more self-transcendent and creative outlook on life."

However, he cautions that it remains to be confirmed whether the regulation of gene expression through interventions that enhance self-awareness is the mediating factor in the association between self-awareness and well-being. Nevertheless, treatments that promote greater self-transcendence and mindfulness have also been shown to contribute to improvements in all aspects of health, including physical, mental, social and spiritual well-being. It is therefore plausible that the regulation of gene expression is the real mediator in this association.

As the researchers predicted, certain types of genes, such as transcription factors, microRNAs and long non-coding RNAs, showed extensive enrichment in the 4000-gene integrated molecular network. However, the most significant enrichment was observed in a group of RNAs that are thought to have played a crucial role in the origin of cellular life. These RNAs have the ability to form membraneless compartments and carry out chemical reactions, allowing them to adapt rapidly to stress. This process, known as liquid-liquid phase separation (LLPS), creates a comprehensive bioreactor in which the chemicals that are essential for life can be synthesised.

"We are delighted to discover the important roles of different types of genes in health and personality. It is amazing to see that evolution has preserved genes that are thought to have been important in the origin of life, allowing for the increasing plasticity, complexity and consciousness that we observe in humans. The innovative computational methods used in this project enable us to study complex biological systems in humans in an ethical, non-intrusive and beneficial way, with the aim of understanding how to live healthily," says Professor Cloninger. He adds: "These findings clearly demonstrate that a person's mind and body are deeply interconnected. Each influences the other, so they are not separate. It is important to recognise that our future well-being is not entirely determined by our past or present conditions; rather, we can cultivate our own well-being in a creative process full of open-ended possibilities."
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Cellphone compass can measure tiny concentrations of compounds important for human health | ScienceDaily
Nearly every modern cellphone has a built-in compass, or magnetometer, that detects the direction of Earth's magnetic field, providing critical information for navigation. Now a team of researchers at the National Institute of Standards and Technology (NIST) has developed a technique that uses an ordinary cellphone magnetometer for an entirely different purpose -- to measure the concentration of glucose, a marker for diabetes, to high accuracy.


						
The same technique, which uses the magnetometer in conjunction with magnetic materials designed to change their shape in response to biological or environmental cues, could be used to rapidly and cheaply measure a host of other biomedical properties for monitoring or diagnosing human disease. The method also has the potential to detect environmental toxins, said NIST scientist Gary Zabow.

In their proof-of-concept study, Zabow and fellow NIST researcher Mark Ferris clamped to a cellphone a tiny well containing the solution to be tested and a strip of hydrogel -- a porous material that swells when immersed in water. The researchers embedded tiny magnetic particles within the hydrogel, which they had engineered to react either to the presence of glucose or to pH levels (a measure of acidity) by expanding or contracting. Changing pH levels can be associated with a variety of biological disorders.

As the hydrogels enlarged or shrunk, they moved the magnetic particles closer to or farther from the cellphone's magnetometer, which detected the corresponding changes in the strength of the magnetic field. Employing this strategy, the researchers measured glucose concentrations as small as a few millionths of a mole (the scientific unit for a certain number of atoms or molecules in a substance). Although such high sensitivity is not required for at-home monitoring of glucose levels using a drop of blood, it might in the future enable routine testing for glucose in saliva, which contains a much smaller concentration of the sugar.

The researchers reported their findings in the March 30, 2024 edition of Nature Communications.

Engineered, or "smart," hydrogels like the ones the NIST team employed are inexpensive and relatively easy to fabricate, Ferris said, and can be tailored to react to a host of different compounds that medical researchers may want to measure. In their experiments, he and Zabow stacked single layers of two different hydrogels, each of which contracted and expanded at different rates in response to pH or glucose. These bilayers amplified the motion of the hydrogels, making it easier for the magnetometer to track changes in magnetic field strength.

Because the technique does not require any electronics or power source beyond that of the cellphone nor call for any special processing of the sample, it offers an inexpensive way to conduct testing -- even in locations with relatively few resources.




Future efforts to improve the accuracy of such measurements using cellphone magnetometers might allow detection of DNA strands, specific proteins and histamines -- compounds involved in the body's immune response -- at concentrations as low as a few tens of nanomoles (billionths of a mole).

That improvement could have substantial benefit. For instance, measuring histamines, which are typically detected in urine at concentrations ranging from about 45 to 190 nanomoles, would ordinarily require a 24-hour urine collection and a sophisticated laboratory analysis.

"An at-home test using a cellphone magnetometer sensitive to nanomolar concentrations would allow measurements to be done with much less hassle," said Ferris. More generally, enhanced sensitivity would be essential when only a small amount of a substance is available for testing in extremely dilute quantities, Zabow added.

Similarly, the team's study suggests that a cellphone magnetometer can measure pH levels with the same sensitivity as a thousand-dollar benchtop meter but at a fraction of the cost. A home-brewer or a baker could use the magnetometer to quickly test the pH of various liquids to perfect their craft, and an environmental scientist could measure the pH of ground water samples on-site with higher accuracy than a litmus test strip could provide.

In order to make the cellphone measurements a commercial success, engineers will need to develop a method to mass produce the hydrogel test strips and ensure that they have a long shelf life, Zabow said. Ideally, he added, the hydrogel strips should be designed to react more quickly to environmental cues in order to speed up measurements.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240401142509.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New advance against a form of heart failure prevalent in men | ScienceDaily
University of Virginia School of Medicine researchers have discovered a gene on the Y chromosome that contributes to the greater incidence of heart failure in men.


						
Y chromosome loss in men occurs progressively throughout life and can be detected in approximately 40% of 70-year-old men. UVA's Kenneth Walsh, PhD, discovered in 2022 that this loss can contribute to heart muscle scarring and lead to deadly heart failure. (That finding was the first to directly link Y chromosome loss to a specific harm to men's health; Y chromosome loss is increasingly thought to play a role in diseases ranging from Alzheimer's to cancer.)

In an important follow-up finding, Walsh and his team have discovered how Y chromosome loss triggers changes in heart immune cells that make the cells more likely to cause scarring and heart failure.

Further, the researchers found they could reverse the harmful heart changes by giving lab mice a drug that targets the process of fibrosis that leads to the heart scarring, which could lead to a similar treatment for men.

"Our previous work identified that it was loss of the entire Y chromosome that contributed to heart disease in men," said Walsh, the director of UVA's Hematovascular Biology Center. "This new work identified a single gene on the Y chromosome that can account for the disease-promoting effects of Y chromosome loss."

About Y Chromosome Loss

Unlike women, who have two X chromosomes, men have an X and a Y. For a long time, the genes found on the Y chromosome were not thought to play important roles in disease. Sex hormones, scientists thought, explained the differences in certain diseases in men and women. But Walsh's groundbreaking work has helped change that perception. It also suggested an explanation for why heart failure is more common in men than women. (Cardiovascular disease, which includes heart failure, is the leading cause of death worldwide.)

Y chromosome loss occurs in only a small percentage of affected men's cells. This results in what is called "mosaicism," where genetically different cells occur within one individual. Researchers aren't entirely sure why this partial Y chromosome loss occurs, but predominantly it strikes elderly men and men who smoke compared to those who don't.




To better understand the effects of Y chromosome loss, Walsh and his team examined genes found on the Y chromosome to determine which might be important to heart scarring. One gene they looked at, Uty, helps control the operating instructions for immune cells called macrophages and monocytes, the scientists determined. When the Uty gene was disrupted, either individually or through Y chromosome loss, that triggered changes in the immune cells in lab mice. Suddenly, the macrophages were much more "pro-fibrotic," or prone to scarring. This accelerated heart failure as well, the scientists found.

"The identification of a single gene on the Y chromosome provides information about a new druggable target to treat fibrotic diseases," said Walsh, of UVA's Division of Cardiovascular Medicine and Robert M. Berne Cardiovascular Research Center.

Walsh and his team were able to prevent the harmful changes in the mice's macrophages by giving them a specially designed monoclonal antibody. This halted the harmful changes in the heart, suggesting the approach might, with further research, lead to a way to treat or avoid heart failure and other fibrotic diseases in men with Y chromosome loss.

"Currently, we are working with our clinician colleagues in the Division of Cardiovascular Medicine at UVA to assess whether loss of the Y chromosome in men is associated with greater scarring in the heart," Walsh said. "This research will provide new avenues for understanding the causes of heart disease."

Based on their findings, Walsh and his team believe that a small group of genes found on the Y chromosome may have big effects on a wide array of diseases. Their new work identifies mechanisms that may lead to this, and they are hopeful that further research will provide a much better understanding of unknown causes of sickness and death in men.

"This research further documents the utility of studying the genetics of mutations that are acquired after conception and accumulate throughout life," Walsh said. "These mutations appear to be as important to health and lifespan as the mutations that are inherited from one's parents. The study of these age-acquired mutations represents a new field of human genetics."

Findings Published




The researchers have published their findings in the scientific journal Nature Cardiovascular Research. The team consisted of Keita Horitani, Nicholas W. Chavkin, Yohei Arai, Ying Wang, Hayato Ogawa, Yoshimitsu Yura, Megan A. Evans, Jesse Cochran, Mark C. Thel, Ariel H. Polizio, Miho Sano, Emiri Miura-Yura, Yuka Arai, Heather Doviak, Arthur P. Arnold, Bradley D. Gelfand, Karen K. Hirschi, Soichi Sano and Walsh. The scientists have no financial interest in the work.

The research was supported by the National Institutes of Health, grants AG073249, HL142650 and HL152174; the National Aeronautics and Space Administration, grant 80NSSC21K0549; the UVA Medical Scientist Training Program, grant T32GM007267; the American Heart Association, grant 23CDA1054358; Grant-in-Aid for Research Activity Start-up grants 21K20879 and 22K08162; the Japanese Heart Failure Society; the Japanese Circulation Society; the Japan Cardiovascular Research Foundation; the SENSHIN Medical Research Foundation; the MSD Life Science Foundation; Novartis; the Kondou Kinen Medical Foundation; and the Bayer Scholarship for Cardiovascular Research.
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New initiative improves detection, evaluation of attention deficit hyperactivity disorder | ScienceDaily
Attention-Deficit Hyperactivity Disorder (ADHD) is the most common pediatric neurobehavioral disorder with a prevalence of approximately 7%-10% in school-age children. ADHD significantly affects functioning throughout life including academic achievement, social and family relationships and occupational success, predisposing individuals to secondary psychopathology, substance use, justice system involvement and suicide. Fortunately, ADHD is treatable, most effectively with a combination of medication, behavioral therapy and school-based supports. Unfortunately, many children with ADHD go undiagnosed and untreated for years, and sometimes for life, putting those children most at risk for problematic outcomes.


						
Universal screening for ADHD in pediatrics could improve early identification and treatment of ADHD. Many pediatric practices have successfully implemented universal behavioral health screening with the Pediatric Symptom Checklist (PSC-17) across populations and languages. However, strategies to optimize use of the Attention Subscale of the PSC-17 in primary care pediatrics have not been described.

Researchers at Boston University Chobanian & Avedisian School of Medicine describe a quality improvement initiative to improve screening for ADHD in the primary care pediatric clinic at Boston Medical Center, the largest safety net hospital in New England. "In our clinic, we found that many children who screened positive for attention problems were not receiving a diagnostic evaluation for ADHD," explained first author Mona S. Doss Roberts, DO, assistant professor of pediatrics at the school. "Despite the fact that delayed and underdiagnosis of ADHD is common, particularly among lower income and racial and ethnic minority youth, to our knowledge this is the first published report of a quality improvement effort specifically to improve screening for ADHD in pediatric primary care," she said.

The ADHD Detection Quality Improvement (ADQI) initiative was a multicomponent program including 1) developing and teaching a provider decision-making algorithm; 2) adjusting clinic operational/workflow; and 3) optimizing features in our electronic medical record to flag positive screens and facilitate next steps for evaluation. With their initiative, the researchers showed improvement in recognition of positive Attention Subscale scores on the PSC-17 and evaluation for ADHD with a follow up diagnostic evaluation tool.

According to the researchers, their initiative led to improved clinician recognition of positive screens for attention problems and follow up evaluation for ADHD by distributing diagnostic rating scales to these families. Thus, even in a clinic that had excellent rates of universal behavioral health screening in primary care, were able to optimize use of the tool as a screener for ADHD, improving the likelihood that providers would recognize and document the positive attention problems score as an indication of possible ADHD.

"Despite our initial success, additional interventions are needed to improve the completion of ADHD evaluations in primary care to ensure that children are appropriately identified and offered evidence-based care," added Roberts, who also is a pediatrician at Boston Medical Center.

These findings appear online in the Journal of Developmental & Behavioral Pediatrics.

Last author Andrea Spencer, MD,currently receives grant funding from the Klingenstein Third Generation Foundation, the Charles H. Hood Foundation, and the National Institute of Mental Health. Other authors report no conflicts of interest.
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Pilot study shows ketogenic diet improves severe mental illness | ScienceDaily
For people living with serious mental illness like schizophrenia or bipolar disorder, standard treatment with antipsychotic medications can be a double-edged sword. While these drugs help regulate brain chemistry, they often cause metabolic side effects such as insulin resistance and obesity, which are distressing enough that many patients stop taking the medications.


						
Now, a pilot study led by Stanford Medicine researchers has found that a ketogenic diet not only restores metabolic health in these patients as they continue their medications, but it further improves their psychiatric conditions. The results, published March 27 in Psychiatry Research, suggest that a dietary intervention can be a powerful aid in treating mental illness.

"It's very promising and very encouraging that you can take back control of your illness in some way, aside from the usual standard of care," said Shebani Sethi, MD, associate professor of psychiatry and behavioral sciences and the first author of the new paper.

The senior author of the paper is Laura Saslow, PhD, associate professor of health behavior and biological sciences at the University of Michigan.

Making the connection

Sethi, who is board certified in obesity and psychiatry, remembers when she first noticed the connection. As a medical student working in an obesity clinic, she saw a patient with treatment-resistant schizophrenia whose auditory hallucinations quieted on a ketogenic diet.

That prompted her to dig into the medical literature. There were only a few, decades-old case reports on using the ketogenic diet to treat schizophrenia, but there was a long track record of success in using ketogenic diets to treat epileptic seizures.




"The ketogenic diet has been proven to be effective for treatment-resistant epileptic seizures by reducing the excitability of neurons in the brain," Sethi said. "We thought it would be worth exploring this treatment in psychiatric conditions."

A few years later, Sethi coined the term metabolic psychiatry, a new field that approaches mental health from an energy conversion perspective.

Meat and vegetables

In the four-month pilot trial, Sethi's team followed 21 adult participants who were diagnosed with schizophrenia or bipolar disorder, taking antipsychotic medications, and had a metabolic abnormality -- such as weight gain, insulin resistance, hypertriglyceridemia, dyslipidemia or impaired glucose tolerance. The participants were instructed to follow a ketogenic diet, with approximately 10% of the calories from carbohydrates, 30% from protein and 60% from fat. They were not told to count calories.

"The focus of eating is on whole non-processed foods including protein and non-starchy vegetables, and not restricting fats," said Sethi, who shared keto-friendly meal ideas with the participants. They were also given keto cookbooks and access to a health coach.

The research team tracked how well the participants followed the diet through weekly measures of blood ketone levels. (Ketones are acids produced when the body breaks down fat -- instead of glucose -- for energy.) By the end of the trial, 14 patients had been fully adherent, six were semi-adherent and only one was non-adherent.




Feeling better

The participants underwent a variety of psychiatric and metabolic assessments throughout the trial.

Before the trial, 29% of the participants met the criteria for metabolic syndrome, defined as having at least three of five conditions: abdominal obesity, elevated triglycerides, low HDL cholesterol, elevated blood pressure and elevated fasting glucose levels. After four months on a ketogenic diet, none of the participants had metabolic syndrome.

On average, the participants lost 10% of their body weight; reduced their waist circumference by 11% percent; and had lower blood pressure, body mass index, triglycerides, blood sugar levels and insulin resistance.

"We're seeing huge changes," Sethi said. "Even if you're on antipsychotic drugs, we can still reverse the obesity, the metabolic syndrome, the insulin resistance. I think that's very encouraging for patients."

The psychiatric benefits were also striking. On average, the participants improved 31% on a psychiatrist rating of mental illness known as the clinical global impressions scale, with three-quarters of the group showing clinically meaningful improvement. Overall, the participants also reported better sleep and greater life satisfaction.

"The participants reported improvements in their energy, sleep, mood and quality of life," Sethi said. "They feel healthier and more hopeful."

The researchers were impressed that most of the participants stuck with the diet. "We saw more benefit with the adherent group compared with the semi-adherent group, indicating a potential dose-response relationship," Sethi said.

Alternative fuel for the brain

There is increasing evidence that psychiatric diseases such as schizophrenia and bipolar disorder stem from metabolic deficits in the brain, which affect the excitability of neurons, Sethi said.

The researchers hypothesize that just as a ketogenic diet improves the rest of the body's metabolism, it also improves the brain's metabolism.

"Anything that improves metabolic health in general is probably going to improve brain health anyway," Sethi said. "But the ketogenic diet can provide ketones as an alternative fuel to glucose for a brain with energy dysfunction."

Likely there are multiple mechanisms at work, she added, and the main purpose of the small pilot trial is to help researchers detect signals that will guide the design of larger, more robust studies.

As a physician, Sethi cares for many patients with both serious mental illness and obesity or metabolic syndrome, but few studies have focused on this undertreated population.

She is founder and director of the metabolic psychiatry clinic at Stanford Medicine.

"Many of my patients suffer from both illnesses, so my desire was to see if metabolic interventions could help them," she said. "They are seeking more help. They are looking to just feel better."

Researchers from the University of Michigan; the University of California, San Francisco; and Duke University contributed to the study.

The study was supported by Baszucki Group Research Fund, Keun Lau Fund and the Obesity Treatment Foundation.
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Universal brain-computer interface lets people play games with just their thoughts | ScienceDaily
Imagine playing a racing game like Mario Kart, using only your brain to execute the complex series of turns in a lap.


						
This is not a video game fantasy, but a real program that engineers at The University of Texas at Austin have created as part of research into brain-computer interfaces to help improve the lives of people with motor disabilities. More importantly, the researchers incorporated machine learning capabilities with their brain-computer interface, making it a one-size-fits-all solution.

Typically, these devices require extensive calibration for each user -- every brain is different, both for healthy and disabled users -- and that has been a major hurdle to mainstream adoption. This new solution can quickly understand the needs of an individual subject and self-calibrate through repetition. That means multiple patients could use the device without needing to tune it to the individual.

"When we think about this in a clinical setting, this technology will make it so we won't need a specialized team to do this calibration process, which is long and tedious," said Satyam Kumar, a graduate student in the lab of Jose del R. Millan, a professor in the Cockrell School of Engineering's Chandra Family Department of Electrical and Computer Engineering and Dell Medical School's Department of Neurology. "It will be much faster to move from patient to patient."

The research on the calibration-free interface is published in PNAS Nexus.

From left to right: Satyam Kumar, Hussein Alawieh and Jose del R. Millan.

The subjects wear a cap packed with electrodes that is hooked up to a computer. The electrodes gather data by measuring electrical signals from the brain, and the decoder interprets that information and translates it into game action.




Millan's work on brain-computer interfaces helps users guide and strengthen their neural plasticity, the ability of the brain to change, grow and reorganize over time. These experiments are designed to improve brain function for patients and use the devices controlled by brain-computer interfaces to make their lives easier.

In this case, the actions were twofold: the car racing game, and a simpler task of balancing the left and right sides of a digital bar. An expert was trained to develop a "decoder" for the simpler bar task that makes it possible for the interface to translate brain waves into commands. The decoder serves as a base for the other users and is the key to avoiding the long calibration process.

The decoder worked well enough that subjects trained simultaneously for the bar game and the more complicated car racing game, which required thinking several steps ahead to make turns.

The researchers called this work foundational, in that it sets the stage for further brain-computer interface innovation. This project used 18 subjects with no motor impairments. Eventually, as they continue down this road, they will test this on people with motor impairments to apply it to larger groups in clinical settings.

"On the one hand, we want to translate the BCI to the clinical realm to help people with disabilities; on the other, we need to improve our technology to make it easier to use so that the impact for these people with disabilities is stronger," Millan said.

On the side of translating the research, Millan and his team continue to work on a wheelchair that users can drive with the brain-computer interface. At the South by Southwest Conference and Festivals this month, the researchers showed off another potential use of the technology, controlling two rehabilitation robots for the hand and arm. This was not part of the new paper but a sign of where this technology could go in the future. Several people volunteered and succeeded in operating the brain-controlled robots within minutes.

"The point of this technology is to help people, help them in their everyday lives," Millan said. "We'll continue down this path wherever it takes us in the pursuit of helping people."
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App may pave way to treatments for no. 1 dementia in under-60s | ScienceDaily
UCSF-led research shows smartphone cognitive testing is comparable to gold-standard methods; may detect FTD in gene carriers before symptoms start.


						
A smartphone app could enable greater participation in clinical trials for people with frontotemporal dementia (FTD), a devastating neurological disorder that often manifests in midlife.

Research into the condition has been hampered by problems with early diagnosis and difficulty tracking how people are responding to treatments that are only likely to be effective at the early stages of disease.

To address this, a research team led by UC San Francisco deployed cognitive tests through a mobile app and found it could detect early signs of FTD in people who were genetically predisposed to get the disease but had not yet developed symptoms. These tests were at least as sensitive as neuropsychological evaluations done in the clinic.

The study appears in JAMA Network Open on April 1, 2024.

More than 30 FTD clinical trials are underway or in the planning stages, including one that may become the first drug approved to slow progression in some gene carriers. Researchers hope the new mobile technology will hasten the work.

"Eventually, the app may be used to monitor treatment effects, replacing many or most in-person visits to clinical trials' sites," said first author Adam Staffaroni, PhD, clinical neuropsychologist and associate professor in the UCSF Department of Neurology and the Weill Institute for Neurosciences.




FTD is the No. 1 cause of dementia in patients under 60, with up to 30% of cases attributed to genetics. It has three main variants with symptoms that may overlap. The most common causes dramatic personality shifts, which may manifest as lack of empathy, apathy, impulsivity, compulsive eating, and socially and sexually inappropriate behavior. Another affects movement, and a third impacts speech, language and comprehension, which is the variant that Bruce Willis is reported to have. In rare cases, FTD triggers bursts of visual creativity.

FTD is not easy to diagnose

As with Alzheimer's disease, patients with FTD are believed to be most responsive to treatment early on, ideally before their symptoms even emerge. "Most FTD patients are diagnosed relatively late in the disease, because they are young, and their symptoms are mistaken for psychiatric disorders," said senior author Adam Boxer, MD, PhD, endowed professor in memory and aging at the UCSF Department of Neurology.

"We've heard from families that they often suspect their loved one has FTD long before a physician agrees that is the diagnosis," said Boxer, who is also director of the UCSF Alzheimer's Disease and Frontotemporal Dementia Clinical Trials Program.

The researchers tracked 360 participants with an average age of 54 enrolled in ongoing studies at ALLFTDcenters and UCSF. About 90% had data on disease stage. These included 60% who did not have FTD or were gene carriers who had not yet developed symptoms, 20% with early signs of the disease and 21% with symptoms.

Software that can detect a waning ability to plan

Staffaroni and Boxer collaborated with software company Datacubed Health, which developed the platform, to include tests of executive function, such as planning and prioritizing, filtering distractions and controlling impulses. In FTD, the part of the brain responsible for executive functioning shrinks as the disease progresses.




The rich data collected by the app, including voice recordings and body movements, enabled the researchers to develop new tests that eventually could help with early diagnosis and monitoring of symptoms.

"We developed the capability to record speech while participants engaged with several different tests," said Staffaroni. "We also created tests of walking, balance and slowed movements, as well as different aspects of language."

FTD researchers say they are closer to finding treatments that may eventually slow the progression of the disease, which is fatal. These include gene and other therapies, such as antisense oligonucleotides (ASOs), to increase or decrease the production of proteins that are abnormal in gene carriers.

Although there are currently no plans to make the app available to the public, it could be a boon to research.

"A major barrier has been a lack of outcome measures that can be easily collected and are sensitive to treatment effects at early stages of the disease," said Staffaroni. "We hope that smartphone assessments will facilitate new trials of promising therapies."
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Chatbot outperformed physicians in clinical reasoning in head-to-head study | ScienceDaily
ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning. In a research letter published in JAMA Internal Medicine, physician-scientists at Beth Israel Deaconess Medical Center (BIDMC) compared a large language model's (LLM) reasoning abilities directly against human performance using standards developed to assess physicians.


						
"It became clear very early on that LLMs can make diagnoses, but anybody who practices medicine knows there's a lot more to medicine than that," said Adam Rodman MD, an internal medicine physician and investigator in the department of medicine at BIDMC. "There are multiple steps behind a diagnosis, so we wanted to evaluate whether LLMs are as good as physicians at doing that kind of clinical reasoning. It's a surprising finding that these things are capable of showing the equivalent or better reasoning than people throughout the evolution of clinical case."

Rodman and colleagues used a previously validated tool developed to assess physicians' clinical reasoning called the revised-IDEA (r-IDEA) score. The investigators recruited 21 attending physicians and 18 residents who each worked through one of 20 selected clinical cases comprised of four sequential stages of diagnostic reasoning. The authors instructed physicians to write out and justify their differential diagnoses at each stage. The chatbot GPT-4 was given a prompt with identical instructions and ran all 20 clinical cases. Their answers were then scored for clinical reasoning (r-IDEA score) and several other measures of reasoning.

"The first stage is the triage data, when the patient tells you what's bothering them and you obtain vital signs," said lead author Stephanie Cabral, MD, a third-year internal medicine resident at BIDMC. "The second stage is the system review, when you obtain additional information from the patient. The third stage is the physical exam, and the fourth is diagnostic testing and imaging."

Rodman, Cabral and their colleagues found that the chatbot earned the highest r-IDEA scores, with a median score of 10 out of 10 for the LLM, 9 for attending physicians and 8 for residents. It was more of a draw between the humans and the bot when it came to diagnostic accuracy -- how high up the correct diagnosis was on the list of diagnosis they provided -- and correct clinical reasoning. But the bots were also "just plain wrong" -- had more instances of incorrect reasoning in their answers -- significantly more often than residents, the researchers found. The finding underscores the notion that AI will likely be most useful as a tool to augment, not replace, the human reasoning process.

"Further studies are needed to determine how LLMs can best be integrated into clinical practice, but even now, they could be useful as a checkpoint, helping us make sure we don't miss something," Cabral said. "My ultimate hope is that AI will improve the patient-physician interaction by reducing some of the inefficiencies we currently have and allow us to focus more on the conversation we're having with our patients.

"Early studies suggested AI could makes diagnoses, if all the information was handed to it," Rodman said. "What our study shows is that AI demonstrates real reasoning -- maybe better reasoning than people through multiple steps of the process. We have a unique chance to improve the quality and experience of healthcare for patients."

Co-authors included Zahir Kanjee, MD, Philip Wilson, MD, and Byron Crowe, MD, of BIDMC; Daniel Restrepo, MD, of Massachusetts General Hospital; and Raja-Elie Abdulnour, MD, of Brigham and Women's Hospital.

This work was conducted with support from Harvard Catalyst | The Harvard Clinical and Translational Science Center (National Center for Advancing Translational Sciences, National Institutes of Health) (award UM1TR004408) and financial contributions from Harvard University and its affiliated academic healthcare centers.

Potential Conflicts of Interest: Rodman reports grant funding from the Gordon and Betty Moore Foundation. Crowe reports employment and equity in Solera Health. Kanjee reports receipt of royalties for books edited and membership on a paid advisory board for medical education products not related to AI from Wolters Kluwer, as well as honoraria for continuing medical education delivered from Oakstone Publishing. Abdulnour reports employment by the Massachusetts Medical Society (MMS), a not-for-profit organization that owns NEJM Healer. Abdulnour does not receive royalty from sales of NEJM Healer and does not have equity in NEJM Healer. No funding was provided by the MMS for this study. Abdulnour reports grant funding from the Gordan and Betty Moore Foundation via the National Academy of Medicine Scholars in Diagnostic Excellence.
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Mosquito detectives track malaria's history | ScienceDaily
A group of researchers is calling on colleagues around the world to join them in what they call "pathogen prospecting" by tracking down archival specimens of mosquitoes in museums and other collections to examine them for pathogens that would have infected people with malaria while feeding on their blood.


						
Researchers from McMaster University, Public Health Ontario and Leiden University in the Netherlands present their case for the deeper study of archival mosquitoes in a paper published in the journal Proceedings of the National Academy of Sciences.

Individual mosquitoes that transmitted malaria to people, housed in museums around the world, can be very useful to scientists using modern tools and methods to study how the often-deadly and still prevalent disease moved through human populations -- and how it continues to move today.

"Historic entomology collections around the world have huge potential to answer multiple research questions," says McMaster paleopathologist Megan Brickley, who holds the Tier 1 Canada Research Chair in the Bioarchaeology of Human Disease. "Our focus was on malaria, but there's great potential to extend beyond that."

Mosquitoes housed in public and private collections -- some featuring samples collected during colonial expeditions as far back as the 1700s -- represent an untapped trove of new information about species of Plasmodium, the single-celled parasites that cause malaria by catching a ride into the flesh by using feeding mosquitoes as carriers, or vectors.

Modern science can extract information about the evolution and movement of malaria through DNA analysis and other forms of testing, the authors say. That can accelerate the effort to protect vulnerable human populations from the continuing threat of malaria. The World Health Organization recorded 249 million cases of malaria worldwide in 2022, including 608,000 deaths. Three quarters of those who died were children under the age of 5 years.

The scientific study of historical malaria has been challenging because the infection typically leaves little trace, particularly in the remains of patients who have survived the fever-inducing disease and died later from other causes.




In recent decades, malaria has been associated primarily with regions with hot climates with robust mosquito populations, including countries in Africa and South Asia. Poverty is a significant influence on the prevalence of malaria today because many people in developing countries are less able to protect themselves from mosquitoes.

As recently as the early 1900s, malaria was also endemic to cooler areas, such as Canada and the United States, where it thrived in the Great Lakes region in particular.

"People tend to associate malaria with tropical and subtropical regions, but in the past, there was also malaria in the Netherlands, the UK, and even in Finland above the Arctic Circle," says co-author Amanda Cooke, a PhD student whose research focuses on historical malaria in Canada.

Factors including the drainage of wetlands for agriculture and development, the widespread use of insecticides following the Second World War and access to protective equipment such as bed nets ultimately pushed malaria's endemic reach much farther south.

Today, though, malaria may be on the move again as climate change alters temperature and weather patterns, making the work of understanding malaria's history more urgent.

"As the deadliest vector-borne disease, malaria continues to present a challenge to those battling the disease and underscores an urgent need for the development of novel insecticides or vaccines," says co-author Mark Nelder, a medical and veterinary entomologist with Public Health Ontario who specializes in vector-borne diseases. "Pathogen prospecting provides not only an opportunity to reconstruct malaria's historical epidemiology, but it also informs pathogen/vector evolution and climate-based predictive modelling of malaria distribution."

Nelder, Cooke and Brickley worked with co-authors Hendrik Poinar, a McMaster University professor who holds the Michael G. DeGroote Chair in Genetic Anthropology, and Rachel Schats of Leiden University's Laboratory for Human Osteoarchaeology.
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Researchers produce grafts that replicate the human ear | ScienceDaily
Using state-of-the-art tissue engineering techniques and a 3D printer, researchers at Weill Cornell Medicine and Cornell Engineering have assembled a replica of an adult human ear that looks and feels natural. The study, published online in Acta Biomaterialia on March 16, offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.


						
"Ear reconstruction requires multiple surgeries and an incredible amount of artistry and finesse," said, Dr. Jason Spector, chief of the Division of Plastic and Reconstructive Surgery at NewYork-Presbyterian/Weill Cornell Medical Center and a professor of surgery (plastic surgery) at Weill Cornell Medicine. "This new technology may eventually provide an option that feels real for thousands needing surgery to correct outer ear deformities."

Many surgeons build a replacement ear using cartilage removed from a child's ribs, an operation that can be painful and scarring. And though the resulting graft can be crafted to resemble the recipient's other ear, it generally does not have the same flexibility.

Adding Texture to Structure

One way to produce a more natural replacement ear is to enlist the aid of chondrocytes, the cells that build cartilage. In earlier studies, Dr. Spector and his colleagues used animal-derived chondrocytes to seed a scaffold made of collagen, a key component of cartilage. Though these grafts developed successfully at first, over time the well-defined topography of the ear -- its familiar ridges, curves, and whorls -- were lost. "Because the cells tug on the woven matrix of proteins as they labor, the ear contracted and shrank by half," said Dr. Spector.

To address this problem in this study, Dr. Spector and his team used sterilized animal-derived cartilage treated to remove anything that could trigger immune rejection. This was loaded into intricate, ear-shaped plastic scaffolds that were created on a 3D printer based on data from a person's ear. The small pieces of cartilage act as internal reinforcements to induce new tissue formation within the scaffold. Much like rebar, it strengthens the graft and prevents contraction.

Over the next three to six months, the structure developed into cartilage containing tissue that closely replicated the ear's anatomical features, including the helical rim, the "anti-helix" rim-inside-the-rim and the central, conchal bowl. "That's something that we had not achieved before," said Dr. Spector.

To test the feel of the ear, biomechanical studies were performed in conjunction with Dr. Spector's long time engineering collaborator Dr. Larry Bonassar, the Daljit S. and Elaine Sarkaria Professor in Biomedical Engineering at the Meinig School of Biomedical Engineering on Cornell's Ithaca campus. This confirmed that the replicas had flexibility and elasticity similar to human ear cartilage. However, the engineered material was not as strong as natural cartilage and could tear.

To remedy this issue, Dr. Spector plans to add chondrocytes to the mix, ideally ones derived from a small piece of cartilage removed from the recipient's other ear. Those cells would lay down the elastic proteins that make ear cartilage so robust, producing a graft that would be biomechanically much more similar to the native ear, he said.

This work was supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health, grant TL1- TR-002386.
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        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        Large language models respond differently based on user's motivation
        A new study reveals how large language models (LLMs) respond to different motivational states. In their evaluation of three LLM-based generative conversational agents (GAs)--ChatGPT, Google Bard, and Llama 2, scientists found that while GAs are able to identify users' motivation states and provide relevant information when individuals have established goals, they are less likely to provide guidance when the users are hesitant or ambivalent about changing their behavior.

      

      
        For mining in arid regions to be responsible, we must change how we think about water
        In an unprecedented study of the South American 'Lithium Triangle,' hydrologists discover that not all water responds the same way to environmental change and human use.

      

      
        Developing a vaccine for the 'zombie drug' xylazine
        Chemical biologists design an early 'proof-of-concept' vaccine that could lead to the first effective treatment of xylazine overdose in people.

      

      
        Researchers discover 'neutronic molecules'
        Researchers have discovered 'neutronic' molecules, in which neutrons can be made to cling to quantum dots, held just by the strong force. The finding may lead to new tools for probing material properties at the quantum level and exploring new kinds of quantum information processing devices.

      

      
        'Smart swarms' of tiny robots inspired by natural herd mentality
        Researchers gave nanorobots a trait called adaptive time delay, which allows them to better work together.

      

      
        Machine learning enables viability of vertical-axis wind turbines
        Researchers have used a genetic learning algorithm to identify optimal pitch profiles for the blades of vertical-axis wind turbines, which despite their high energy potential, have until now been vulnerable to strong gusts of wind.

      

      
        Plant-based plastic releases nine times less microplastics than conventional plastic
        A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.

      

      
        Drawing inspiration from plants: A metal-air paper battery for wearable devices
        Drawing inspiration from the way plants breathe, a group of researchers has created a paper-based magnesium-air battery that can be used in GPS sensors or pulse oximeter sensors. Taking advantage of paper's recyclability and lightweight nature, the engineered battery holds promise for a more environmentally friendly source of energy.

      

      
        Plastic-free vegan leather that dyes itself grown from bacteria
        Researchers have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.

      

      
        Water-based paints: Less stinky, but some still contain potentially hazardous chemicals
        Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as 'greener' and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to new research, some of these paints do contain compounds that are considered VOCs, along with other chemicals of emerging concern.

      

      
        Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine
        New evidence from a spaceborne-monitoring team indicates that the Ukrainian Kakhovka Dam, which collapsed early into the Russian invasion, may have been vulnerable even before the war.

      

      
        Intelligent liquid
        Researchers have developed a programmable meta-fluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid. The first-of-its-kind meta-fluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The meta-fluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers th...

      

      
        A simple way to harvest more 'blue energy' from waves
        As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved 'blue energy' harvesting device. Researchers report that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.

      

      
        First results from BREAD experiment demonstrate a new approach to searching for dark matter
        One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it s no minor thing currently, scientists think it makes up about 85% of all the mass in the universe.

      

      
        Elastocaloric cooling: Refrigerator cools by flexing artificial muscles
        There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods.

      

      
        Sunrise to sunset, new window coating blocks heat -- not view
        Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.

      

      
        AI writing, illustration emits hundreds of times less carbon than humans, study finds
        A group of scholars calculated the amount of energy used by AI tools for the tasks of writing and illustrating and compared it to the average amount of energy humans use for the same processes. Their results showed artificial intelligence results in hundreds of times less carbon emissions than humans. This does not mean, however, that AI can or should replace humans in those tasks, simply that its energy usage is less. The better approach is a partnership between humans and AI, the authors write.

      

      
        Building blocks for greener energy: Reconfigurable elastic metasurface
        Energy harvesting, an eco-friendly technology, extends beyond solar and wind power in generating electricity from unused or discarded energy in daily life, including vibrations generated by passing car engines or trains. Recent intriguing research has been announced, aiming to enhance the efficiency of energy harvesting using a new type of metasurface that can be reconfigured, resembling the assembly of LEGO bricks.

      

      
        The math problem that took nearly a century to solve: Secret to Ramsey numbers
        Little progress had been made in solving Ramsey problems since the 1930s. Now, researchers have found the answer to r(4,t), a longstanding Ramsey problem that has perplexed the math world for decades.

      

      
        Biofilm-resistant glass for marine environments
        Engineers have created ultraviolet (UV) rays-emitting glass that can reduce 98% of biofilm from growing on surfaces in underwater environments.

      

      
        Chemistry researchers modify solar technology to produce a less harmful greenhouse gas
        Researchers are using semiconductors to harvest and convert the sun's energy into high-energy compounds that have the potential to produce environmentally-friendly fuels.

      

      
        Wound treatment gel fights the battle against antibacterial resistance
        Polymer-based hydrogels are used to treat skin ailments and in tissue engineering because of their ability to retain water, deliver drugs into wounds, and biodegrade. However, they are complicated to manufacture and not very resilient to external forces like rubbing against clothing, sheets, or wound dressings. Scientists have now created a hydrogel enhanced with the amino acid polylysine and blood plasma that is easier to synthesize, contains natural antibiotic properties, and promotes cell grow...

      

      
        100 kilometers of quantum-encrypted transfer
        Researchers have taken a big step towards securing information against hacking. They have succeeded in using quantum encryption to securely transfer information 100 kilometers via fiber optic cable -- roughly equivalent to the distance between Oxford and London.

      

      
        New materials discovered for safe, high-performance solid-state lithium-ion batteries
        All-solid-state lithium-ion batteries offer enhanced safety and energy density compared to liquid electrolyte counterparts, but face challenges like lower conductivity and insufficient electrode contact. In a recent study, scientists have discovered a stable, highly conductive lithium-ion conductor in the form of a pyrochlore-type oxyfluoride. This innovation addresses the need for non-sulfide solid electrolytes, offering higher conductivity and stability and paves the way for advanced all-solid-...

      

      
        I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans
        Using a blink-and-you'll-miss-it experiment, researchers have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others. This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

      

      
        Engineers 'symphonize' cleaner ammonia production
        Among the many chemicals we use every day, ammonia is one of the worst for the atmosphere. The nitrogen-based chemical used in fertilizer, dyes, explosives and many other products ranks second only to cement in terms of carbon emissions, due to the high temperatures and energy needed to manufacture it. But by improving on a well-known electrochemical reaction and orchestrating a 'symphony' of lithium, nitrogen and hydrogen atoms, engineers have developed a new ammonia production process that meet...

      

      
        Are high-purity cathode materials truly necessary?
        Researchers introduce a groundbreaking alternative to reduce secondary battery costs.

      

      
        Study uses artificial intelligence to show how personality influences the expression of our genes
        An international study using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.

      

      
        Cellphone compass can measure tiny concentrations of compounds important for human health
        Nearly every modern cellphone has a built-in compass, or magnetometer, that detects the direction of Earth's magnetic field, providing critical information for navigation. Now a team of researchers has developed a technique that uses an ordinary cellphone magnetometer for an entirely different purpose -- to measure the concentration of glucose, a marker for diabetes, to high accuracy.

      

      
        Physics-based predictive tool will speed up battery and superconductor research
        Researchers have developed physics-based guidelines that will benefit host-guest intercalated materials research. By using only two guest properties and eight host-derived descriptors, they correctly predicted the intercalation energies and stabilities of many host-guest systems. This work is an important advance that will minimize the extensive trial-and-error laboratory work that otherwise slows down research and development in battery and superconductor technologies.

      

      
        App may pave way to treatments for no. 1 dementia in under-60s
        A smartphone app could enable greater participation in clinical trials for people with frontotemporal dementia (FTD), a devastating neurological disorder that often manifests in midlife.

      

      
        Chatbot outperformed physicians in clinical reasoning in head-to-head study
        ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning.

      

      
        Research reveals language barriers limit effectiveness of cybersecurity resources
        Non-English speaking internet users share the same concern about cyber threats and the same desire for online safety as any other individual. However, they are constrained by a lack of culturally and linguistically appropriate resources, which also hampers accurate collection of cyber victimization data among vulnerable populations.

      

      
        Researchers produce grafts that replicate the human ear
        Using state-of-the-art tissue engineering techniques and a 3D printer, researchers have assembled a replica of an adult human ear that looks and feels natural. The study offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.
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Large language models respond differently based on user's motivation | ScienceDaily

Bak provides the example of an individual with diabetes who is resistant to changing their sedentary lifestyle.

"If they were advised by a doctor that exercising would be necessary to manage their diabetes, it would be important to provide information through GAs that helps them increase an awareness about healthy behaviors, become emotionally engaged with the changes, and realize how their unhealthy habits might affect people around them. This kind of information can help them take the next steps toward making positive changes," said Bak.

Current GAs lack specific information about these processes, which puts the individual at a health disadvantage. Conversely, for individuals who are committed to changing their physical activity levels (e.g., have joined personal fitness training to manage chronic depression), GAs are able to provide relevant information and support.

"This major gap of LLMs in responding to certain states of motivation suggests future directions of LLMs research for health promotion," said Chin.

Bak's research goal is to develop a digital health solution based on using natural language processing and psychological theories to promote preventive health behaviors. She earned her bachelor's degree in sociology from the University of California Los Angeles.

Chin's research aims to translate social and behavioral sciences theories to design technologies and interactive experiences to promote health communication and behavior across the lifespan. She leads the Adaptive Cognition and Interaction Design (ACTION) Lab at the University of Illinois. Chin holds a BS in psychology from National Taiwan University, an MS in human factors, and a PhD in educational psychology with a focus on cognitive science in teaching and learning from the University of Illinois.
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For mining in arid regions to be responsible, we must change how we think about water | ScienceDaily
A research team led by the University of Massachusetts Amherst, in collaboration with the University of Alaska-Anchorage and Columbia University, has conducted the widest-ever hydrological tracer analysis of the Dry Andes region in Chile, Argentina and Bolivia, home to the majority of the world's lithium deposits and other elements, such as copper, critical to the green energy transition away from oil and toward electricity. But the Dry Andes, as well as other hyper-arid regions, is also extremely sensitive to any activity, such a mining, that may disrupt the presence, composition and flow of both surface and subsurface water. Until now, however, there has been no reliable, comprehensive understanding of exactly how the hydrological systems in extremely arid landscapes work, which means that environmental regulators don't have the information they need to best manage the mining industry and the transition to more environmentally sustainable future. The research appears in PLOS Water.


						
"We've been thinking about water all wrong," says Brendan Moran, the paper's lead author and a postdoctoral research associate in geosciences at UMass Amherst. "We typically assume that water is water, and manage all water the same way, but our research shows that there are actually two very distinct pieces of the water budget in the Dry Andes, and they respond very differently to environmental change and human usage."

Water is especially important for lithium, the crucial component of the powerful batteries in such things as electric and hybrid cars and photovoltaic systems. Lithium doesn't like to be in solid form and tends to occur in layers of volcanic ash -- but it reacts quickly with water. When rain or snowmelt moves through the ash layers, lithium leaches into the groundwater, moving downhill until it settles in a flat basin where it remains in solution as a briny mix of water and lithium. Because this brine is very dense, it often settles beneath pockets of fresh surface water, which float on top of the lithium-rich fluid below. These fresh and brackish lagoons and wetlands often become havens for unique and fragile ecosystems and iconic species such as flamingos, and they are also composed of different kinds of water -- so how does one tell types of water apart?

Moran and his co-authors, including David Boutt, professor of geosciences at UMass Amherst, a Lee Ann Munk, professor of geological sciences at the University of Alaska, had previously developed a method to determine how old any given sample of water is and trace its interaction with the landscape by using 3H, or tritium, and the ratio between the oxygen isotope 18O and the hydrogen isotope 2H. Tritium occurs naturally in rainwater and decays at a predictable rate. "This lets us get the relative age of the water," says Moran. "Is it 'old,' as in, did it fall a century or more ago, or is it 'contemporary' water that fell a few weeks-to-years ago?"

The ratio between 18O and 2H additionally allowed the team to trace how much evaporation the water had been subject to. "The 18O/2H ratio is like a specific fingerprint, because different water sources -- streams or lakes -- will have different ratios. This lets us know where the water came from and how long it has been near the surface and out of the ground."

For this new research, Moran and Boutt worked with stakeholders in the Dry Andes to sample nearly every water source in the entire region -- an unprecedented feat, given how inhospitable and sparsely inhabited the Dry Andes are -- and to measure their various isotopes.

Doing so allowed them to discover that old and young waters don't really mix and behave very differently.




"The deep, old groundwater sustains the hydrological system throughout the Dry Andes," says Boutt. "Only 20% -- 40% of the water is contemporary surface water -- but that's the water that is most sensitive to climate change, storm cycles and anthropogenic uses like mining. Scientists used to think that surface water was the most stable water because it was constantly being recharged by runoff, but in extremely arid places, like the Dry Andes, that isn't true. And the problem is, this new understanding of how water works hasn't been incorporated into any management system anywhere."

The implications of this are immediate, and Moran says that among the most important is to protect the various conduits -- streams, rivers, seeps etc. -- by which fresh, young rainwater flows into the lagoons and wetlands that are so environmentally critical. It also means that managers need to develop different methods for managing young and old waters -- there is no one-size-fits-all approach that will work.

Perhaps most importantly, Boutt points out, "What we see in the Dry Andes is representative of hydrology in all extremely arid regions -- including the U.S. West. It's not limited to lithium mining, either."

"Water across the globe's arid regions works the same way," adds Moran, "and so water managers the world over need to be aware of the age and source of their waters and implement the right policies to protect their differing hydrological cycles."
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Developing a vaccine for the 'zombie drug' xylazine | ScienceDaily
Xylazine is an FDA-approved sedative and pain reliever for use in animals, but it has severe adverse effects when used in humans. It is now illicitly being added to opioids, like fentanyl and heroin, as well as cocaine -- leading to a sharp rise in overdose deaths.


						
Now, Scripps Research chemical biologists have developed a vaccine to block the effects of xylazine's toxicity. The vaccine works by training the immune system to attack the drug, which is described in a new paper published in Chemical Communications on April 1, 2024.

"We demonstrated that a vaccine can reverse the symptoms of a xylazine overdose in rodents," says study senior author Kim D. Janda, PhD, the Ely R. Callaway, Jr. Professor of Chemistry at Scripps Research. "There is currently no remedy for xylazine poisoning other than supportive care, thus, we believe our research efforts and the data we have provided will pave the way for an effective treatment in humans."

The rapid increase in lethal drug overdoses attributed to xylazine combined with fentanyl prompted the White House Office of National Drug Control Policy to declare this combination an emerging threat to the United States. Xylazine intoxication presents similarly to opioid overdose, causing respiratory and central nervous system depression, and it can heighten the effects of opioids. However, naloxone -- typically administered to reverse the effects of opioids -- does not tackle the impact of xylazine, highlighting the need for effective measures to treat acute toxicity caused by xylazine.

Researchers suspect xylazine works by reducing blood flow to the brain, among other areas of the body. The drug also causes non-healing skin lesions and wounds, often located on the forearms and lower legs, that can require amputation in some cases -- giving it the nickname "zombie drug."

Although no treatment currently exists, targeted vaccines may offer a solution. Vaccines nudge the immune system to create antibodies to fend off invaders. Antibodies can target viruses, bacteria and toxins. However, sometimes molecules are too small to initiate an immune response, as is the case with xylazine. So, to circumvent this problem, the researchers created a vaccine using a design principle that Janda pioneered, which relies on pairing the drug molecule (called a hapten) with a larger carrier molecule (a protein) and an adjuvant.

In this study, the scientists combined a xylazine hapten with multiple different protein types, to see which combination would create a robust immune response against xylazine. The team tested three vaccine formulations (termed TT, KLH and CRM197, based on the protein involved) to see which vaccine cocktail could help rodents after being challenged with xylazine. One of the three vaccines (TT) significantly increased movement in mice given xylazine after 10 minutes, while two of the three vaccines (TT and KLH) led to an improvement in breathing.




The scientists also examined how these vaccines would limit xylazine blood brain barrier, (BBB) permeation, a filtering mechanism that scrutinizes drug penetration. When xylazine was injected, it immediately crossed into the brain to bind with receptors. Antibodies typically cannot navigate the BBB; however, two of the three vaccines (TT and KLH) showed a strong ability to stop xylazine from reaching its receptors in the brain, limiting its detrimental effects.

A provisional patent has been filed on the research. In the future, his team will build off this work to create a bifunctional antibody that will reverse both fentanyl and xylazine's toxicity simultaneously, something that naloxone cannot do.

"A monoclonal antibody treatment could be given in tandem with the vaccine to provide both immediate and long-term protection from both opioid substance use disorders as well as opioid-xylazine overdoses," says Janda. "This strategy could make a significant impact on the opioid epidemic."

"Evaluation of a Hapten Conjugate Vaccine Against the 'Zombie Drug' Xylazine" was co-authored by Mingliang Lin, Lisa M. Eubanks, Bin Zhou, and Kim D. Janda, all of Scripps Research. 

Funding for the study was provided by the Shadek family and Pearson Foundation. 
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Researchers discover 'neutronic molecules' | ScienceDaily
Neutrons are subatomic particles that have no electric charge, unlike protons and electrons. That means that while the electromagnetic force is responsible for most of the interactions between radiation and materials, neutrons are essentially immune to that force.


						
Instead, neutrons are held together inside an atom's nucleus solely by something called the strong force, one of the four fundamental forces of nature. As its name implies, the force is indeed very strong, but only at very close range -- it drops off so rapidly as to be negligible beyond 1/10,000 the size of an atom. But now, researchers at MIT have found that neutrons can actually be made to cling to particles called quantum dots, which are made up of tens of thousands of atomic nuclei, held there just by the strong force.

The new finding may lead to useful new tools for probing the basic properties of materials at the quantum level, including those arising from the strong force, as well as exploring new kinds of quantum information processing devices. The work is reported this week in the journal ACS Nano, in a paper by MIT graduate students Hao Tang and Guoqing Wang and MIT professors Ju Li and Paola Cappellaro of the Department of Nuclear Science and Engineering.

Neutrons are widely used to probe material properties using a method called neutron scattering, in which a beam of neutrons is focused on a sample, and the neutrons that bounce off the material's atoms can be detected to reveal the material's internal structure and dynamics.

But until this new work, nobody thought that these neutrons might actually stick to the materials they were probing. "The fact that [the neutrons] can be trapped by the materials, nobody seems to know about that," says Li, who is also a professor of materials science and engineering. "We were surprised that this exists, and that nobody had talked about it before, among the experts we had checked with," he says.

The reason this new finding is so surprising, Li explains, is because neutrons don't interact with electromagnetic forces. Of the four fundamental forces, gravity and the weak force "are generally not important for materials," he says. "Pretty much everything is electromagnetic interaction, but in this case, since the neutron doesn't have a charge, the interaction here is through the strong interaction, and we know that is very short-range. It is effective at a range of 10 to the minus 15 power," or one quadrillionth, of a meter.

"It's very small, but it's very intense," he says of this force that holds the nuclei of atoms together. "But what's interesting is we've got these many thousands of nuclei in this neutronic quantum dot, and that's able to stabilize these bound states, which have much more diffuse wavefunctions at tens of nanometers [billionths of a meter]. These neutronic bound states in a quantum dot are actually quite akin to Thomson's plum pudding model of an atom, after his discovery of the electron."

It was so unexpected, Li calls it "a pretty crazy solution to a quantum mechanical problem." The team calls the newly discovered state an artificial "neutronic molecule."




These neutronic molecules are made from quantum dots, which are tiny crystalline particles, collections of atoms so small that their properties are governed more by the exact size and shape of the particles than by their composition. The discovery and controlled production of quantum dots were the subject of the 2023 Nobel Prize in Chemistry, awarded to MIT Professor Moungi Bawendi and two others.

"In conventional quantum dots, an electron is trapped by the electromagnetic potential created by a macroscopic number of atoms, thus its wavefunction extends to about 10 nanometers, much larger than a typical atomic radius," says Cappellaro. "Similarly, in these nucleonic quantum dots, a single neutron can be trapped by a nanocrystal, with a size well beyond the range of the nuclear force, and display similar quantized energies." While these energy jumps give quantum dots their colors, the neutronic quantum dots could be used for storing quantum information.

This work is based on theoretical calculations and computational simulations. "We did it analytically in two different ways, and eventually also verified it numerically," Li says. Although the effect had never been described before, he says, in principle there's no reason it couldn't have been found much sooner: "Conceptually, people should have already thought about it," he says, but as far as the team has been able to determine, nobody did.

Part of the difficulty in doing the computations is the very different scales involved: The binding energy of a neutron to the quantum dots they were attaching to is about one-trillionth that of previously known conditions where the neutron is bound to a small group of nuclei. For this work, the team used an analytical tool called Green's function to demonstrate that the strong force was sufficient to capture neutrons with a quantum dot with a minimum radius of 13 nanometers.

Then, the researchers did detailed simulations of specific cases, such as the use of a lithium hydride nanocrystal, a material being studied as a possible storage medium for hydrogen. They showed that the binding energy of the neutrons to the nanocrystal is dependent on the exact dimensions and shape of the crystal, as well as the nuclear spin polarizations of the nuclei compared to that of the neutron. They also calculated similar effects for thin films and wires of the material as opposed to particles.

But Li says that actually creating such neutronic molecules in the lab, which among other things requires specialized equipment to maintain temperatures in the range of a few thousandths of a Kelvin above absolute zero, is something that other researchers with the appropriate expertise will have to undertake.




Li notes that "artificial atoms" made up of assemblages of atoms that share properties and can behave in many ways like a single atom have been used to probe many properties of real atoms. Similarly, he says, these artificial molecules provide "an interesting model system" that might be used to study "interesting quantum mechanical problems that one can think about," such as whether these neutronic molecules will have a shell structure that mimics the electron shell structure of atoms.

"One possible application," he says, "is maybe we can precisely control the neutron state. By changing the way the quantum dot oscillates, maybe we can shoot the neutron off in a particular direction." Neutrons are powerful tools for such things as triggering both fission and fusion reactions, but so far it has been difficult to control individual neutrons. These new bound states could provide much greater degrees of control over individual neutrons, which could play a role in the development of new quantum information systems, he says.

"One idea is to use it to manipulate the neutron, and then the neutron will be able to affect other nuclear spins," Li says. In that sense, he says, the neutronic molecule could serve as a mediator between the nuclear spins of separate nuclei -- and this nuclear spin is a property that is already being used as a basic storage unit, or qubit, in developing quantum computer systems.

"The nuclear spin is like a stationary qubit, and the neutron is like a flying qubit," he says. "That's one potential application." He adds that this is "quite different from electromagnetics-based quantum information processing, which is so far the dominant paradigm. So, regardless of whether it's superconducting qubits or it's trapped ions or nitrogen vacancy centers, most of these are based on electromagnetic interactions." In this new system, instead, "we have neutrons and nuclear spin. We're just starting to explore what we can do with it now."

Another possible application, he says, is for a kind of imaging, using neutral activation analysis. "Neutron imaging complements X-ray imaging because neutrons are much more strongly interacting with light elements," Li says. It can also be used for materials analysis, which can provide information not only about elemental composition but even about the different isotopes of those elements. "A lot of the chemical imaging and spectroscopy doesn't tell us about the isotopes," whereas the neutron-based method could do so, he says.

The research was supported by the U.S. Office of Naval Research.
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'Smart swarms' of tiny robots inspired by natural herd mentality | ScienceDaily
In natural ecosystems, the herd mentality plays a major role -- from schools of fish, to beehives to ant colonies. This collective behavior allows the whole to exceed the sum of its parts and better respond to threats and challenges.


						
This behavior inspired researchers from The University of Texas at Austin, and for more than a year they've been working on creating "smart swarms" of microscopic robots. The researchers engineered social interactions among these tiny machines so that they can act as one coordinated group, performing tasks better than they would if they were moving as individuals or at random.

"All these groups, flocks of birds, schools of fish and others, each member of the group has this natural inclination to work in concert with its neighbor, and together they are smarter, stronger and more efficient than they would be on their own," said Yuebing Zheng, associate professor in the Walker Department of Mechanical Engineering and Texas Materials Institute. "We wanted to learn more about the mechanisms that make this happen and see if we can reproduce it."

Zheng and his team first showcased these innovations in a paper published in Advanced Materials last year. But they've taken things a step further in a new paper published recently in Science Advances.

In the new paper, Zheng and his team have given these swarms a new trait called adaptive time delay. This concept allows each microrobot within the swarm to adapt its motion to changes in local surroundings. By doing this, the swarm showed a significant increase in responsivity without decreasing its robustness -- the ability to quickly respond to any environment change while maintaining the integrity of the swarm.

This finding builds on a novel optical feedback system -- the ability to direct these microrobots in a collective way using controllable light patterns. This system was first unveiled in the researchers' 2023 paper -- recently chosen as an "editor's choice" by Advanced Materials - and it facilitated the development of adaptive time delay for microrobots.

The adaptive time delay strategy offers potential for scalability and integration into larger machinery. This approach could significantly enhance the operational efficiency of autonomous drone fleets. Similarly, it could enable conveys of trucks and cars to autonomously navigate extensive highway journeys in unison, with improved responsiveness and increased robustness. The same way schools of fish can communicate and follow each other, so will these machines. As a result, there's no need for any kind of central control, which takes more data and energy to operate.

"Nanorobots, on an individual basis, are vulnerable to complex environments; they struggle to navigate effectively in challenging conditions such as bloodstreams or polluted waters," said Zhihan Chen, a Ph.D. student in Zheng's lab and co-author on the new paper. "This collective motion can help them better navigate a complicated environment and reach the target efficiently and avoid obstacles or threats."

Having proven this swarm mentality in the lab setting, the next step is to introduce more obstacles. These experiments were conducted in a static liquid solution. Up next, they'll try to repeat the behavior in flowing liquid. And then they'll move to replicate it inside an organism.

Once fully developed, these smart swarms could serve as advanced drug delivery forces, able to navigate the human body and elude its defenses to bring medicine to its target. Or, they could operate like iRobot robotic vacuums, but for contaminated water, collectively cleaning every bit of an area together.
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Machine learning enables viability of vertical-axis wind turbines | ScienceDaily
If you imagine an industrial wind turbine, you likely picture the windmill design, technically known as a horizontal-axis wind turbine (HAWT). But the very first wind turbines, which were developed in the Middle East around the 8th century for grinding grain, were vertical-axis wind turbines (VAWT), meaning they spun perpendicular to the wind, rather than parallel.


						
Due to their slower rotation speed, VAWTs are less noisy than HAWTs and achieve greater wind energy density, meaning they need less space for the same output both on- and off-shore. The blades are also more wildlife-friendly: because they rotate laterally, rather than slicing down from above, they are easier for birds to avoid.

With these advantages, why are VAWTs largely absent from today's wind energy market? As Sebastien Le Fouest, a researcher in the School of Engineering Unsteady Flow Diagnostics Lab explains, it comes down to an engineering problem -- air flow control -- that he believes can be solved with a combination of sensor technology and machine learning. In a paper recently published in Nature Communications, Le Fouest and UNFOLD head Karen Mulleners describe two optimal pitch profiles for VAWT blades, which achieve a 200% increase in turbine efficiency and a 77% reduction in structure-threatening vibrations.

"Our study represents, to the best of our knowledge, the first experimental application of a genetic learning algorithm to determine the best pitch for a VAWT blade," Le Fouest says.

Turning an Achilles' heel into an advantage

Le Fouest explains that while Europe's installed wind energy capacity is growing by 19 gigawatts per year, this figure needs to be closer to 30 GW to meet the UN's 2050 objectives for carbon emissions.

"The barriers to achieving this are not financial, but social and legislative -- there is very low public acceptance of wind turbines because of their size and noisiness," he says.




Despite their advantages in this regard, VAWTs suffer from a serious drawback: they only function well with moderate, continuous air flow. The vertical axis of rotation means that the blades are constantly changing orientation with respect to the wind. A strong gust increases the angle between air flow and blade, forming a vortex in a phenomenon called dynamic stall. These vortices create transient structural loads that the blades cannot withstand.

To tackle this lack of resistance to gusts, the researchers mounted sensors onto an actuating blade shaft to measure the air forces acting on it. By pitching the blade back and forth at different angles, speeds, and amplitudes, they generated series of 'pitch profiles'. Then, they used a computer to run a genetic algorithm, which performed over 3500 experimental iterations. Like an evolutionary process, the algorithm selected for the most efficient and robust pitch profiles, and recombined their traits to generate new and improved 'offspring'.

This approach allowed the researchers not only to identify two pitch profile series that contribute to significantly enhanced turbine efficiency and robustness, but also to turn the biggest weakness of VAWTs into a strength.

"Dynamic stall -- the same phenomenon that destroys wind turbines -- at a smaller scale can actually propel the blade forward. Here, we really use dynamic stall to our advantage by redirecting the blade pitch forward to produce power," Le Fouest explains. "Most wind turbines angle the force generated by the blades upwards, which does not help the rotation. Changing that angle not only forms a smaller vortex -- it simultaneously pushes it away at precisely the right time, which results in a second region of power production downwind."

The Nature Communications paper represents Le Fouest's PhD work in the UNFOLD lab. Now, he has received a Swiss National Science Foundation (SNSF) BRIDGE grant to build a proof-of-concept VAWT. The goal is to install it outdoors, so that it can be tested as it responds in real time to real-world conditions.

"We hope this air flow control method can bring efficient and reliable VAWT technology to maturity so that it can finally be made commercially available," Le Fouest says.
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Plant-based plastic releases nine times less microplastics than conventional plastic | ScienceDaily
A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.


						
The research, led by experts from the University of Portsmouth and the Flanders Marine Institute (VLIZ), in Belgium, looked at how two different types of plastic break down when tested in extreme conditions.

A bio-based plastic material made from natural feedstocks held up better when exposed to intense UV light and seawater for 76 days -- the equivalent of 24 months of sun exposure in central Europe -- than a conventional plastic made from petroleum derivatives.

Professor of Mechanical Engineering, Hom Dhakal, from the University's School of Mechanical and Design Engineering, and member of Revolution Plastics said: "Bio-based plastics are gaining interest as alternatives to conventional plastics, but little is known about their potential source of microplastics pollution in the marine environment.

"It's important to understand how these materials behave when they're exposed to extreme environments, so we can predict how they'll work when they're used in marine applications, like building a boat hull, and what impact they might have on ocean life.

"By knowing the effect of different types of plastics on the environment, we can make better choices to protect our oceans."

According to the Plastic Oceans International Organization, the equivalent of a truckload of plastic is poured into the oceans every minute of the day. When this plastic waste is exposed to the environment, it breaks down into smaller particles which are less than 5mm in size.




These particles are known as 'microplastics' and have been observed in most marine ecosystems, posing a serious threat to aquatic life.

"We wanted to look at a conventional industrial polymer, polypropylene, which is non-biodegradable and difficult to recycle, against polylactic acid (PLA), a biodegradable polymer," Professor Dhakal explained.

"Although our findings show that the PLA released less microplastics, which means using plant-based plastics instead of oil-based ones might seem like a good idea to reduce plastic pollution in the ocean, we need to be careful as microplastics are still clearly being released and that remains a concern."

The research also found that the size and shape of the tiny plastic pieces released depended on the type of plastic. The conventional plastic released smaller pieces and had fewer fibre-like shapes compared to the plant-based plastic.

Professor Dhakal added: "Overall our research provides valuable insights into the behaviour of different plastic types under environmental stressors, which is important for our future work to tackle plastic pollution.

"There is a clear need for continued research and proactive measures to mitigate the impact of microplastics on marine ecosystems."

Professor Dhakal is a member of the Revolution Plastics initiative that has been instrumental in informing national and global policies on plastics, pioneering advanced enzyme recycling techniques and contributing to critical discussions on the UN treaty to end plastic pollution.




Revolution Plastics operates as a network of interconnected researchers and innovators across the University, consolidating and expanding a world-leading plastic-focused research, innovation and teaching community.

The study was led by experts from the Flanders Marine Institute (VLIZ), in Belgium, under collaborative international work within the SeaBioComp project, which received funding from the Interreg 2 Seas Programme co-funded by the European Regional Development Fund.

The paper is published in Ecotoxicology and Environmental Safety. 
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Drawing inspiration from plants: A metal-air paper battery for wearable devices | ScienceDaily
Drawing inspiration from the way plants breathe, a group of researchers at Tohoku University has created a paper-based magnesium-air battery that can be used in GPS sensors or pulse oximeter sensors. Taking advantage of paper's recyclability and lightweight nature, the engineered battery holds promise for a more environmentally friendly source of energy.


						
For over two millennia, paper has been a staple of human civilization. But these days, the usage of paper is not limited to writing. It is also playing a pivotal role in ushering in a greener future.

Lightweight and thin paper-based devices help reduce dependence on metal or plastic materials, whilst at the same time being easier to dispose of. From paper-based diagnostic devices that deliver economical and rapid detection of infectious diseases to batteries and energy devices that offer an environmentally friendly alternative for power generation, scientists are finding ingenious ways to put this versatile material to use.

Now, a team of researchers at Tohoku University has reported on a high-performance magnesium-air (Mg-air) battery that is paper-based and activated by water.

"We drew inspiration for this device from the respiration mechanism of plants," points out Hiroshi Yabu, corresponding authors of the study. "Photosynthesis is analogous to the charge and discharge process in batteries. Just as plants harness solar energy to synthesize sugar from water in the ground and carbon dioxide from the air, our battery utilizes magnesium as a substrate to generate power from oxygen and water."

To fabricate the battery, Yabu and his colleagues bonded magnesium foil onto paper and added the cathode catalyst and gas diffusion layer directly to the other side of the paper. The paper battery achieved an open circuit voltage of 1.8 volts, a 1.0 volt current density of 100 mA/cm2, and a maximum output of 103 milliwatts/cm2.

"Not only did the battery demonstrate impressive performance results, it operates without using toxic materials -- instead using carbon cathodes and a pigment electrocatalyst that have passed stringent assessments," adds Yabu.

The researchers put the battery to the test in a pulse oximeter sensor and a gps sensor, illustrating its versatility for wearable devices.
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Plastic-free vegan leather that dyes itself grown from bacteria | ScienceDaily
Researchers at Imperial College London have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.


						
In recent years, scientists and companies have started using microbes to grow sustainable textiles or to make dyes for industry -- but this is the first time bacteria have been engineered to produce a material and its own pigment simultaneously.

Synthetic chemical dyeing is one of the most environmentally toxic processes in fashion, and black dyes -- especially those used in colouring leather -- are particularly harmful. The researchers at Imperial set out to use biology to solve this.

In tackling the problem, the researchers say their self-dyeing vegan, plastic-free leather, which has been fashioned into shoe and wallet prototypes, represents a step forward in the quest for more sustainable fashion.

Their new process, which has been published in the journal Nature Biotechnology, could also theoretically be adapted to have bacteria grow materials with various vibrant colours and patterns, and to make more sustainable alternatives to other textiles such as cotton and cashmere.

Lead author Professor Tom Ellis, from Imperial College London's Department of Bioengineering, said: "Inventing a new, faster way to produce sustainable, self-dyed leather alternatives is a major achievement for synthetic biology and sustainable fashion.

"Bacterial cellulose is inherently vegan, and its growth requires a tiny fraction of the carbon emissions, water, land use and time of farming cows for leather.




"Unlike plastic-based leather alternatives, bacterial cellulose can also be made without petrochemicals, and will biodegrade safely and non-toxically in the environment."

Designer collaboration

The researchers created the self-dyeing leather alternative by modifying the genes of a bacteria species that produces sheets of microbial cellulose -- a strong, flexible and malleable material that is already commonly used in food, cosmetics and textiles. The genetic modifications 'instructed' the same microbes that were growing the material to also produce the dark black pigment, eumelanin.

They worked with designers to grow the upper part of a shoe (without the sole) by growing a sheet of bacterial cellulose in a bespoke, shoe-shaped vessel. After 14 days of growth wherein the cellulose took on the correct shape, they subjected the shoe to two days of gentle shaking at 30degC to activate the production of black pigment from the bacteria so that it dyed the material from the inside.

They also made a black wallet by growing two separate cellulose sheets, cutting them to size, and sewing them together.

As well as the prototypes, the researchers demonstrated that the bacteria can be engineered using genes from other microbes to produce colours in response to blue light. By projecting a pattern, or logo, onto the sheets using blue light, the bacteria respond by producing coloured proteins which then glow.




This allows them to project patterns and logos onto the bacterial cultures as the material grows, resulting in patterns and logos forming from within the material.

Co-author Dr Kenneth Walker, who conducted the work at Imperial College London's Department of Bioengineering and now works in industry, said: "Our technique works at large enough scales to create real-life products, as shown by our prototypes. From here, we can consider aesthetics as well as alternative shapes, patterns, textiles, and colours.

"The work also shows the impact that can happen when scientists and designers work together. As current and future users of new bacteria-grown textiles, designers have a key role in championing exciting new materials and giving expert feedback to improve form, function, and the switch to sustainable fashion."

Greener clothes

The research team are now experimenting with a variety of coloured pigments to use those that can also be produced by the material-growing microbes.

The researchers and collaborators have also just won PS2 million in funding from Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI), to use engineering biology and bacterial cellulose to solve more of fashion's problems, such as the use of toxic chromium in leather's production lines.

Professor Ellis said: "Microbes are already directly addressing many of the problems of animal and plastic-based leather, and we plan to get them ready to expand into new colours, materials and maybe patterns too.

"We look forward to working with the fashion industry to make the clothes we wear greener throughout the whole production line."

The authors worked closely with Modern Synthesis, a London-based biodesign and materials company, who specialise in innovative microbial cellulose products.

This work was funded by Engineering and Physical Sciences Research Council and BBSRC, both part of UKRI.
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Water-based paints: Less stinky, but some still contain potentially hazardous chemicals | ScienceDaily
Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as "greener" and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to research published in ACS' Environmental Science & Technology Letters, some of these paints do contain compounds that are consideredVOCs, along with other chemicals of emerging concern.


						
Paint consists of four ingredients: pigments, binders, additives and a liquid. If the liquid is water -- as in latex and some acrylic paints -- it's classified as a water-based paint, rather than solvent-based. Historically, solvent-based paints were easy to apply and durable, though they released foul-smelling VOCs into the air both during and after application, stinking up a newly painted room. These airborne VOCs can cause respiratory irritation and headaches, among other potential health problems, especially in high concentrations or over long periods of time. Despite water-based paints sporting labels with "zero-" or "low-VOC," their formulations could contain potentially dangerous chemicals of their own. So, Ying Xu and colleagues wanted to understand more about these paints' formulations. The team notes that there are differing definitions of what constitutes a VOC, some of which are stricter than others, including the World Health Organization's definition used in this research.

The team collected 40 water-based paints from around the world, all ranked among the top 70 most-sold brands, and many labelled as zero- or low-VOC. Both dry and wet samples were analyzed by gas chromatography-mass spectrometry to determine their composition.
    	Twenty semi-volatile organic compounds were identified in concentrations ranging from 10 to 35,000 parts per million. While less likely to be in a gaseous form, these can still persist indoors for years, often incorporated into dust.
    	Endocrine-disrupting phthalates, which act as binders, were largely absent in the tested paints. However, several phthalate-replacement chemicals were detected -- their toxicities are still being assessed.
    	Nearly half the analyzed samples contained measurable amounts of isothiazolinones -- preservatives that have been linked to skin irritation and asthmatic symptoms.
    	In 24 of the wet paint samples advertised as either zero- or low-VOC, 11 different VOCs were detected at concentrations up to 20,000 parts per million.

These concentrations represent the chemical composition within the paint, not the air. Further studies are required to understand how much of these potentially hazardous compounds become airborne as painted surfaces are drying. The researchers say that this work could allow for the design of safer paint products in the future.

The authors acknowledge funding from the National Natural Science Foundation of China.
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Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine | ScienceDaily
On the morning of June 6, 2023, a substantial portion of the Kakhovka Dam in Ukraine - vital for water management and hydroelectric power generation - suffered a collapse while under Russian control. Russia had seized the dam early into its invasion of Ukraine, and though independent investigations suggested that Russia destroyed it to prevent a counterattack from Ukraine, Russia has denied responsibility. New findings published this morning in the journal Nature Communications Earth and Environment from a University of Houston spaceborne-monitoring team indicate the dam may have had deformation hotspots before the war, pre-dating the actual collapse. 


						
"Through our analysis, we observed displacements characterizing different segments of the dam, up to two years prior to the actual collapse," reports UH assistant professor of Civil and Environmental Engineering Pietro Milillo. In the article, Milillo and team present the results of a methodology called InSAR (Interferometric Synthetic Aperture Radar) which measures infrastructure deformation from space with millimetric accuracy using radar images of the Earth's surface collected from orbiting satellites. 

The findings came about while the team was conducting a study monitoring the stability of infrastructure during the Russian invasion of Ukraine. By leveraging spaceborne technology, the team, including the German Aerospace Center (DLR) and the Delft University of Technology (TU Delft) uncovered previously unseen details of the pre-collapse of the dam and detected movements and deformations in the dam years before the collapse, providing valuable insights into its stability. 

"This study highlights the significance of proactive monitoring and the role of remote sensing in ensuring the safety and integrity of critical infrastructure" said lead author Amin Tavakkoliestahbanati, co-author and graduate student in Geosensing System Engineering in the Civil and Environmental Engineering Department at UH. "Our findings emphasize the importance of continuous surveillance to detect and address potential risks before they escalate into catastrophic events." 

"Only in recent times are we able to observe such phenomena thanks to the increased number of satellites flying in space capable of such measurements," said Milillo, who is also a visiting scientist at DLR.  

"Current hypotheses ascribe the collapse of the dam to an explosion that occurred on June 6, 2023. Although our analysis cannot exclude an explosion that occurred on that date, they can identify existing damage mechanisms that might have affected the dam before its collapse," said Milillo. 

Milillo said that the data in the study support the hypothesis that the structure was moving downward since June 2021. "With the beginning of the war, neglected dam maintenance and operations might have destabilized the structure over specific areas, favoring the development of the above-mentioned mechanisms," he said.  
 
The research not only offers valuable insights into the events leading to the collapse of the Kakhovka Dam but also underscores the potential of InSAR as a proactive monitoring tool for infrastructure stability assessment.  

As the world faces increasing challenges related to climate change and geopolitical instability, such studies pave the way for more informed decision-making processes and enhanced risk assessment strategies. InSAR's ability to detect and quantify ground movements with high precision and over extended periods of time contributes to enhanced risk assessment, forensic engineering activities and informed decision-making processes.  

The research was supported by the NASA Decadal Survey Incubation Studies. Joining Tavakkoliestahbanati and Milillo on the project were Giorgia Giardina and Hao Kuai at TU Delft. 
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Intelligent liquid | ScienceDaily
Researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed a programmable metafluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid.


						
The first-of-its-kind metafluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The metafluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers that can dissipate energy depending on the intensity of the impact, to optical devices that can transition from clear to opaque.

The research is published in Nature.

"We are just scratching the surface of what is possible with this new class of fluid," said Adel Djellouli, a Research Associate in Materials Science and Mechanical Engineering at SEAS and first author of the paper. "With this one platform, you could do so many different things in so many different fields."

Metamaterials -- artificially engineered materials whose properties are determined by their structure rather than composition -- have been widely used in a range of applications for years. But most of the materials -- such as the metalenses pioneered in the lab of Federico Capasso, Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering at SEAS -- are solid.

"Unlike solid metamaterials, metafluids have the unique ability to flow and adapt to the shape of their container," said Katia Bertoldi, William and Ami Kuan Danoff Professor of Applied Mechanics at SEAS and senior author of the paper. "Our goal was to create a metafluid that not only possesses these remarkable attributes but also provides a platform for programmable viscosity, compressibility and optical properties."

Using a highly scalable fabrication technique developed in the lab of David A. Weitz, Mallinckrodt Professor of Physics and of Applied Physics at SEAS, the research team produced hundreds of thousands of these highly-deformable spherical capsules filled with air and suspended them in silicon oil. When the pressure inside the liquid increases, the capsules collapse, forming a lens-like half sphere. When that pressure is removed, the capsules pop back into their spherical shape.




That transition changes many of the liquid's properties, including its viscosity and opacity. Those properties can be tuned by changing the number, thickness and size of the capsules in the liquid.

The researchers demonstrated the programmability of the liquid by loading the metafluid into a hydraulic robotic gripper and having the gripper pick up a glass bottle, an egg and a blueberry. In a traditional hydraulic system powered by simple air or water, the robot would need some kind of sensing or external control to be able to adjust its grip and pick up all three objects without crushing them.

But with the metafluid, no sensing is needed. The liquid itself responds to different pressures, changing its compliance to adjust the force of the gripper to be able to pick up a heavy bottle, a delicate egg and a small blueberry, with no additional programming.

"We show that we can use this fluid to endow intelligence into a simple robot," said Djellouli.

The team also demonstrated a fluidic logic gate that can be reprogrammed by changing the metafluid.

The metafluid also changes its optical properties when exposed to changing pressures.




When the capsules are round, they scatter light, making the liquid opaque, much like air bubbles make aerated water appear white. But when pressure is applied and the capsules collapse, they act like microlenses, focusing light and making the liquid transparent. These optical properties could be used for a range of applications, such as e-inks that change color based on pressure.

The researchers also showed that when the capsules are spherical, the metafluid behaves like a Newtonian fluid, meaning its viscosity only changes in response to temperature. However, when the capsules are collapsed, the suspension transforms into a non-Newtonian fluid, meaning that its viscosity will change in response to shear force -- the greater the shear force, the more fluid it becomes. This is the first metafluid that has been shown to transition between Newtonian and non-Newtonian states.

Next, the researchers aim to explore the acoustic and thermodynamic properties of the metafluid.

"The application space for these scalable, easy-to-produce metafluids is huge," said Bertoldi.

Harvard's Office of Technology Development has protected the intellectual property associated with this research and is exploring commercialization opportunities.

The research was supported in part by the NSF through the Harvard University Materials Research Science and Engineering Center grant number DMR-2011754.

It was co-authored by Bert Van Raemdonck, Yang Wang, Yi Yang, Anthony Caillaud, David Weitz, Shmuel Rubinstein and Benjamin Gorissen.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240403130513.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A simple way to harvest more 'blue energy' from waves | ScienceDaily
As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved "blue energy" harvesting device. Researchers report in ACS Energy Letters that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.


						
The tube-shaped wave-energy harvesting device improved upon by the researchers is called a liquid-solid triboelectric nanogenerator (TENG). The TENG converts mechanical energy into electricity as water sloshes back and forth against the inside of the tube. One reason these devices aren't yet practical for large-scale applications is their low energy output. Guozhang Dai, Kai Yin, Junliang Yan and colleagues aimed to increase a liquid-solid TENG's energy harvesting ability by optimizing the location of the energy-collecting electrode.

The researchers used 16-inch clear plastic tubes to create two TENGs. Inside the first device, they placed a copper foil electrode at the center of the tube -- the usual location in conventional liquid-solid TENGs. For the new design, they inserted a copper foil electrode at one end of the tube. The researchers then filled the tubes a quarter of the way with water and sealed the ends. A wire connected the electrodes to an external circuit.

Placing both devices on a benchtop rocker moved water back and forth within the tubes and generated electrical currents by converting mechanical energy -- the friction from water hitting or sliding against the electrodes -- into electricity. Compared to the conventional design, the researchers found that the optimized design increased the device's conversion of mechanical energy to electrical current 2.4 times. In another experiment, the optimized TENG blinked an array of 35 LEDs on and off as water entered the section of the tube covered by the electrode and then flowed away, respectively. The researchers say these demonstrations lay the foundation for larger scale blue-energy harvesting from ocean waves and show their device's potential for other applications like wireless underwater signaling communications.

The authors acknowledge funding from the National Natural Science Foundation of China and the National Key Research and Development Program of China, and acknowledge computing resources from the High Performance Computing Center of Central South University.
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First results from BREAD experiment demonstrate a new approach to searching for dark matter | ScienceDaily
One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it's no minor thing -- currently, scientists think it makes up about 85% of all the mass in the universe.


						
A new experiment by a collaboration led by the University of Chicago and Fermi National Accelerator Laboratory, known as the Broadband Reflector Experiment for Axion Detection or BREAD, has released its first results in the search for dark matter in a study published in Physical Review Letters. Though they did not find dark matter, they narrowed the constraints for where it might be and demonstrated a unique approach that may speed up the search for the mysterious substance, at relatively little space and cost.

"We're very excited about what we've been able to do so far," said UChicago Assoc. Prof. David Miller, co-leader for the experiment alongside Fermilab's Andrew Sonnenschein, who originally developed the concept for the experiment. "There are lots of practical advantages to this design, and we've already shown the best sensitivity to date in this 11-12 gigahertz frequency."

"This result is a milestone for our concept, demonstrating for the first time the power of our approach," said Fermilab postdoctoral scholar and study lead author Stefan Knirck, who spearheaded the construction and operation of the detector. "It is great to do this kind of creative tabletop-scale science, where a small team can do everything from building the experiment to data analysis, but still have a great impact on modern particle physics."

'Something is there'

When we look around the universe, we can see that some kind of substance is exerting enough gravity to pull on stars and galaxies and passing light, but no telescope or device has ever directly picked up the source -- hence the name 'dark matter.'

However, because no one has ever seen dark matter, we don't even know exactly what it might look like or even precisely where to look for it. "We're very confident that something is there, but there are many, many forms it could take," said Miller.




Scientists have mapped out several of the most likely options for places and forms to look. Typically, the approach has been to build detectors to very thoroughly search one specific area (in this case, set of frequencies) in order to rule it out.

But a team of scientists explored a different approach. Their design is "broadband," meaning that it can search a larger set of possibilities, albeit with slightly less precision.

"If you think about it like a radio, the search for dark matter is like tuning the dial to search for one particular radio station, except there are a million frequencies to check through," said Miller. "Our method is like doing a scan of 100,000 radio stations, rather than a few very thoroughly."

A proof of concept

The BREAD detector searches for a specific subset of possibilities. It's built to look for dark matter in the form of what are known as "axions" or "dark photons" -- particles with extremely small masses that could be converted into a visible photon under the right circumstances.

Fermilab's Stefan Knirck with components of the BREAD detector.




Thus, BREAD consists of a metal tube containing a curved surface that catches and funnels potential photons to a sensor at one end. The entire thing is small enough to fit your arms around, which is unusual for these types of experiments.

In the full-scale version, BREAD will be settled inside a magnet to generate a strong magnetic field, which ups the chances of converting dark matter particles into photons.

For the proof of principle, however, the team ran the experiment sans magnets. The collaboration ran the prototype device at UChicago for about a month and analyzed the data.

The results are very promising, showing very high sensitivity in the chosen frequency, the scientists said.

Since the results published in Physical Review Letters were accepted, BREAD has been moved inside a repurposed MRI magnet at Argonne National Laboratory and is taking more data. Its eventual home, at Fermi National Accelerator Laboratory, will use an even stronger magnet.

"This is just the first step in a series of exciting experiments we are planning," said Sonnenschein. "We have many ideas for improving the sensitivity of our axion search."

"There are still so many open questions in science, and an enormous space for creative new ideas for tackling those questions," said Miller. "I think this is a really hallmark example of those kind of creative ideas -- in this case, impactful, collaborative partnerships between smaller-scale science at universities and larger-scale science at national laboratories."

The BREAD instrument was built at Fermilab as part of the laboratory's detector R&D program and then operated at UChicago, where the data for this study were collected. UChicago Ph.D graduate student Gabe Hoshino led the operation of the detector, along with undergraduate students Alex Lapuente and Mira Littmann.

Argonne National Laboratory maintains an important magnet facility that will be used for the next stage of the BREAD physics program. Other institutions, including SLAC National Accelerator Laboratory, Lawrence Livermore National Laboratory, Illinois Institute of Technology, MIT, the Jet Propulsion Laboratory, the University of Washington, Caltech, and the University of Illinois at Urbana-Champaign, are working with UChicago and Fermilab on R&D for future versions of the experiment.

Funding: U.S. Department of Energy Office of Science, University of Chicago Joint Task Force Initiative, Cambridge Junior Research Fellowship, Kavli Institute for Particle Astrophysics and Cosmology Porat Fellowship.
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Elastocaloric cooling: Refrigerator cools by flexing artificial muscles | ScienceDaily
There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype that the team led by professors Stefan Seelecke and Paul Motzki will be presenting at the Hannover Messe from 22 to 26 April is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods. The research team is developing the new heating and cooling technology in multiple research projects at Saarland University and the Center for Mechatronics and Automation Technology (ZeMa).


						
The new technology, which is now integrated into a small, compact refrigerator prototype, is based on an incredibly simple principle: heat is removed from a space by stretching wires and releasing them again. Known as 'artificial muscles', the shape-memory wires made of super-elastic nitinol absorb heat in the cooling chamber and release it to the outer environment. 'Our elastocaloric process enables us to achieve temperature differences of around 20 degrees Celsius without using climate-damaging refrigerants in a far more energy-efficient manner than today's conventional technologies,' explains Professor Stefan Seelecke, who conducts research at Saarland University and the Saarbrucken Center for Mechatronics and Automation Technology (ZeMa).

The efficiency of elastocaloric materials is more than ten times that of today's air conditioning systems or refrigerators. The U.S. Department of Energy and the EU Commission have declared the cooling technology developed in Saarbrucken to be the most promising alternative to existing processes. It can extract heat from much larger spaces than the small cooling chamber which the engineers are now using to demonstrate elastocalorics at the Hannover Messe. And it can also supply heat to much larger spaces. Heat transfer via the superelastic wires also works for heating applications. In view of climate change, energy shortages and the growing demand for cooling and heating, the process represents a highly promising solution for the future.

To transport heat, the researchers use the special 'superpower' of the artificial muscles made of nitinol: shape memory. Wires made of this alloy remember their original shape and revert to it after they have been deformed or stretched. Like muscles flexing, they can become long and then short again, and are also able to tense and relax. The reason for this lies deep inside the nitinol, which has two crystal lattices -- two phases that can transform into each other. Unlike water, whose phases are solid, liquid and gaseous, the two phases of nitinol are both solid. During these phase transitions of the crystalline structure, the wires absorb heat and release it again: 'The shape-memory material releases heat when it is stretched in a superelastic state and absorbs heat when it is released,' explains Professor Paul Motzki, who holds a cross-institutional professorship at Saarland University and ZeMa, where he heads the Smart Material Systems research group. The effect is intensified if numerous wires are bundled together -- due to their larger surface area, they absorb and release more heat.

Although the principle may at first seem very simple, the research questions that need to be addressed to construct a cooling circuit are highly complex. In the mini-fridge that the research team is currently presenting in Hanover, a specially designed, patented cam drive continuously rotates bundles of 200 micron-thin nitinol wires around a circular cooling chamber: 'As they move in a circle, they are mechanically loaded on one side, i.e. stretched, and unloaded on the other,' explains PhD student Lukas Ehl, who is working on the cooling system. Air is channelled past the rotating bundles into the cooling chamber, where the wires are unloaded and absorb heat from the air. The air then circulates continuously around unloaded wires in the cooling chamber. As they continue to rotate, the wires transport heat out of the cooling chamber and release it when stretched outside the cooling chamber. 'The cooling chamber cools to around 10-12 degrees Celsius using this method,' says student Nicolas Scherer, who is conducting research in the project as part of his Master's thesis.

The engineers in Saarbrucken are researching how the drive keeps the wires permanently in motion, what the air flows look like, in what way the processes are most efficient, how many wires they need to bundle, how strongly they should ideally be stretched for a certain cooling level and much more. They have also developed software that enables them to adjust the heating and cooling technology for different applications and to simulate and plan cooling systems. And they are researching the entire cycle from material production and recycling through to production.

Refrigerators are only just the start. 'We want to leverage the innovative potential of elastocalorics in a wide range of applications, such as industrial cooling, electric vehicle cooling to advance e-mobility and also household appliances,' explains Paul Motzki.

The new technology is the result of over a decade of research in several million-euro research projects and multiple award-winning doctoral dissertation projects. Project funding has come in part from the EU and the German Research Foundation (DFG). The Federal Ministry of Education and Research is investing more than 17 million euros in the DEPART!Saar project, in which the researchers are collaborating with other research institutions and industrial partners. The aim is to give rise to new technology transfer formats and accelerate the path to the market. In several research projects and doctoral dissertation projects, the engineers have also developed a cooling and heating demonstrator that runs continuously and shows how elastocalorics can cool and heat air.

At the Hannover Messe, the Saarbrucken-based experts for smart material systems will also be demonstrating the versatility of their shape memory technology in the form of smart miniature drives, energy-efficient robotic grippers and soft robotic arms in the shape of elephant trunks.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240402192607.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Sunrise to sunset, new window coating blocks heat -- not view | ScienceDaily
Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.


						
"The angle between the sunshine and your window is always changing," said Tengfei Luo, the Dorini Family Professor for Energy Studies at the University of Notre Dame and the lead of the study. "Our coating maintains functionality and efficiency whatever the sun's position in the sky."

Window coatings used in many recent studies are optimized for light that enters a room at a 90-degree angle. Yet at noon, often the hottest time of the day, the sun's rays enter vertically installed windows at oblique angles.

Luo and his postdoctoral associate Seongmin Kim previously fabricated a transparent window coating by stacking ultra-thin layers of silica, alumina and titanium oxide on a glass base. A micrometer-thick silicon polymer was added to enhance the structure's cooling power by reflecting thermal radiation through the atmospheric window and into outer space.

Additional optimization of the order of the layers was necessary to ensure the coating would accommodate multiple angles of solar light. However, a trial-and-error approach was not practical, given the immense number of possible combinations, Luo said.

To shuffle the layers into an optimal configuration -- one that maximized the transmission of visible light while minimizing the passage of heat-producing wavelengths -- the team used quantum computing, or more specifically, quantum annealing, and validated their results experimentally.

Their model produced a coating that both maintained transparency and reduced temperature by 5.4 to 7.2 degrees Celsius in a model room, even when light was transmitted in a broad range of angles. The lab's results were recently published in Cell Reports Physical Science.

"Like polarized sunglasses, our coating lessens the intensity of incoming light, but, unlike sunglasses, our coating remains clear and effective even when you tilt it at different angles," Luo said.

The active learning and quantum computing scheme developed to create this coating can be used to design of a broad range of materials with complex properties.
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AI writing, illustration emits hundreds of times less carbon than humans, study finds | ScienceDaily
With the evolution of artificial intelligence comes discussion of the technology's environmental impact. A new study has found that for the tasks of writing and illustrating, AI emits hundreds of times less carbon than humans performing the same tasks. That does not mean, however, that AI can or should replace human writers and illustrators, the study's authors argue.


						
Andrew Torrance, Paul E. Wilson Distinguished Professor of Law at KU, is co-author of a study that compared established systems such as ChatGPT, Bloom AI, DALL-E2 and others completing writing and illustrating to that of humans.

Like cryptocurrency, AI has been subject to debate about the amount of energy it uses and its contributions to climate change. Human emissions and environmental impact have long been studied, but comparisons between the two have been scant. The authors conducted a comparison and found that AI systems emit between 130 and 1,500 times less CO2e (carbon dioxide equivalent) per page of text generated than human writers and illustration systems between 310 and 2,900 times less CO2e per image than humans.

"I like to think of myself as driven by data, not just what I feel is true. We've had discussions about something that appears to be true in terms of AI emissions, but we wanted to look at the data and see if it truly is more efficient," Torrance said. "When we did it, the results were kind of astonishing. Even by conservative estimates, AI is extremely less wasteful."

The study, co-written with Bill Tomlinson, Rebecca Black and Donald Patterson of the University of California-Irvine, was published in the journal Nature.

To calculate the carbon footprint of a person writing, the researchers consulted the Energy Budget, a measure that considers the amount of energy used in certain tasks for a set period of time. For example, it is well established how much energy a computer with word processing software uses per hour. When multiplied by the average time it takes a person to write a page of text, on average, 250 words, an estimate can be arrived at. Using the same amount of energy used by the CPUs that operate AI such as ChatGPT, which can produce text much faster, produces an estimate for AI.

Researchers also considered per capita emissions of individuals in the United States and India. Residents of the former have approximate annual emissions of 15 metric tons CO2e per year, while the latter is an average of 1.9 metric tons. The two nations were chosen as they have the highest and lowest respective per capita environmental impact of countries with population higher than 300 million, and to provide a look at different levels of emissions in different parts of the world in comparison to AI.




Results showed that Bloom is 1,400 times less impactful than a U.S. resident writing a page of text and 180 times less impactful than a resident of India.

In terms of illustration, results showed that DALL-E2 emits approximately 2,500 times less CO2e than a human artist and 310 times less than an India-based artist. Figures for Midjourney were 2,900 times less for the former and 370 times less for the latter.

As technologies improve and societies evolve, those figures are almost certain to change as well, Torrance said.

The authors wrote that carbon emissions are only one factor to consider when comparing AI production to human output. As the technologies exist now, they are often not capable of producing the quality of writing or art that a human can. As they improve, they hold the potential to both eliminate existing jobs and create new ones. Loss of employment has potential for substantial economic, societal and other forms of destabilization. For those and other reasons, the authors wrote, the best path forward is likely a collaboration between AI and human efforts, or a system in which people can use AI to be more efficient in their work and retain control of final products.

Legal issues such as the use of copyrighted material in training sets for AI must be considered, the authors wrote, as does the potential for an increase in artificially produced material to result in an increase in the energy it uses and resulting emissions. Collaboration between the two is the most beneficial use of both AI and human labor, the authors wrote.

"We don't say AI is inherently good or that it is empirically better, just that when we looked at it in these instances, it was less energy consumptive," Torrance said.

The research was conducted to improve understanding of AI and its environmental impact and to address the United Nation Sustainable Development Goals of ensuring sustainable consumption and production patterns and taking urgent action to combat climate change and its impacts, the researchers wrote.

For their part, the authors have begun to use AI as an aid in producing drafts for some of their writing, but they also agree on the necessity of carefully editing, and adding to, such drafts manually.

"This is not a curse, it's a boon," Torrance said of AI. "I think this will help make good writers great, mediocre writers good and democratize writing. It can make people more productive and can be an empowerment of human potential. I'm hugely optimistic that technology is getting better in most respects and lightening the effects we have on the Earth. We hope this is just the beginning and that people continue to dig into this issue further."
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Building blocks for greener energy: Reconfigurable elastic metasurface | ScienceDaily
Energy harvesting, an eco-friendly technology, extends beyond solar and wind power in generating electricity from unused or discarded energy in daily life, including vibrations generated by passing car engines or trains. Recent intriguing research has been announced, aiming to enhance the efficiency of energy harvesting using a new type of metasurface that can be reconfigured, resembling the assembly of LEGO bricks.


						
Professor Junsuk Rho from the Departments of Mechanical Engineering, Chemical Engineering, and Electrical Engineering and PhD/MS student Geon Lee from the Department of Mechanical Engineering at Pohang University of Science and Technology (POSTECH) have joined Professor Miso Kim from the School of Advanced Materials Science and Engineering at Sungkyunkwan University (SKKU) to collaborate on a research project. Together, they developed a multifunctional elastic metasurface that can be freely configured by attaching and detaching components for practical applications. This research was published in one of the international journals in materials science, Advanced Science.

Metamaterials are artificially designed structures that exploit the relationships among wavelengths to manipulate wave energy such as light, vibration, and sound. Harnessing this capability in energy harvesting allows for the gathering of elastic waves in piezoelectric components, thereby increasing the efficiency of electricity production. However, limitations in the theoretical analysis of the beams constituting metamaterials confine their operation to a single frequency and restrict their utility to specific purposes, posing challenges for their practical application in real structures.

The research team overcame these limitations by employing the Timoshenko-Ehrenfest beam theory instead of the conventional Euler-Bernoulli beam theory. What distinguishes the former is its consideration of the fundamental characteristics of elasticity, including shear deformation and rotational inertia effects of the beam. This study marks the first application of this theory to elastic metamaterial research.

The researchers succeeded in interpreting and modeling elastic metamaterials for phase modulation of elastic waves using the Timoshenko-Ehrenfest beam theory. Furthermore, they fabricated a new type of Timoshenko-Ehrenfest beam-based reconfigurable elastic metasurface (TREM) capable of attaching and detaching multiple structures. The TREM can reconstruct its surface depending on its application, enabling control over various wave phenomena such as anomalous wave refraction, wave focusing, self-accelerated wave propagation, and total wave reflection across a wide frequency range.

Notably, the team's TREM demonstrated outstanding effectiveness in harvesting elastic wave energy, enhancing the electrical output power of piezoelectric components by up to eight times. This highlights its value as a piezoelectric energy harvesting system.

Professor Junsuk Rho, the lead researcher, stated: "I believe that our newly developed metasurface, designed to operate across multifunctional and wide-frequency ranges, will prove invaluable in energy harvesting, most notably in the eco-friendly utilization of ambient energy. This technology, along with its applications in structural health monitoring, wireless sensing, and the Internet of Things, holds great potential for significant contributions across diverse fields."

This work was supported by the N.EX.T. Impact Project of POSCO Holdings, as well as by funding from various programs including the Pioneer Research Center Program, the Regional Leading Research Center (RLRC) Program, and the Laboratory for Future Technology Program, all administered by the National Research Foundation of Korea and funded by the Ministry of Science and ICT of the Korean government.
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The math problem that took nearly a century to solve: Secret to Ramsey numbers | ScienceDaily
We've all been there: staring at a math test with a problem that seems impossible to solve. What if finding the solution to a problem took almost a century? For mathematicians who dabble in Ramsey theory, this is very much the case. In fact, little progress had been made in solving Ramsey problems since the 1930s.


						
Now, University of California San Diego researchers Jacques Verstraete and Sam Mattheus have found the answer to r(4,t), a longstanding Ramsey problem that has perplexed the math world for decades.

What was Ramsey's problem, anyway?

In mathematical parlance, a graph is a series of points and the lines in between those points. Ramsey theory suggests that if the graph is large enough, you're guaranteed to find some kind of order within it -- either a set of points with no lines between them or a set of points with all possible lines between them (these sets are called "cliques"). This is written as r(s,t) where s are the points with lines and t are the points without lines.

To those of us who don't deal in graph theory, the most well-known Ramsey problem, r(3,3), is sometimes called "the theorem on friends and strangers" and is explained by way of a party: in a group of six people, you will find at least three people who all know each other or three people who all don't know each other. The answer to r(3,3) is six.

"It's a fact of nature, an absolute truth," Verstraete states. "It doesn't matter what the situation is or which six people you pick -- you will find three people who all know each other or three people who all don't know each other. You may be able to find more, but you are guaranteed that there will be at least three in one clique or the other."

What happened after mathematicians found that r(3,3) = 6? Naturally, they wanted to know r(4,4), r(5,5), and r(4,t) where the number of points that are not connected is variable. The solution to r(4,4) is 18 and is proved using a theorem created by Paul Erdos and George Szekeres in the 1930s.




Currently r(5,5) is still unknown.

A good problem fights back

Why is something so simple to state so hard to solve? It turns out to be more complicated than it appears. Let's say you knew the solution to r(5,5) was somewhere between 40-50. If you started with 45 points, there would be more than 10234 graphs to consider!

"Because these numbers are so notoriously difficult to find, mathematicians look for estimations," Verstraete explained. "This is what Sam and I have achieved in our recent work. How do we find not the exact answer, but the best estimates for what these Ramsey numbers might be?"

Math students learn about Ramsey problems early on, so r(4,t) has been on Verstraete's radar for most of his professional career. In fact, he first saw the problem in print in Erdos on Graphs: His Legacy of Unsolved Problems, written by two UC San Diego professors, Fan Chung and the late Ron Graham. The problem is a conjecture from Erdos, who offered $250 to the first person who could solve it.

"Many people have thought about r(4,t) -- it's been an open problem for over 90 years," Verstraete said. "But it wasn't something that was at the forefront of my research. Everybody knows it's hard and everyone's tried to figure it out, so unless you have a new idea, you're not likely to get anywhere."

Then about four years ago, Verstraete was working on a different Ramsey problem with a mathematician at the University of Illinois-Chicago, Dhruv Mubayi. Together they discovered that pseudorandom graphs could advance the current knowledge on these old problems.




In 1937, Erdos discovered that using random graphs could give good lower bounds on Ramsey problems. What Verstraete and Mubayi discovered was that sampling from pseudorandom graphs frequently gives better bounds on Ramsey numbers than random graphs. These bounds -- upper and lower limits on the possible answer -- tightened the range of estimations they could make. In other words, they were getting closer to the truth.

In 2019, to the delight of the math world, Verstraete and Mubayi used pseudorandom graphs to solve r(3,t). However, Verstraete struggled to build a pseudorandom graph that could help solve r(4,t).

He began pulling in different areas of math outside of combinatorics, including finite geometry, algebra and probability. Eventually he joined forces with Mattheus, a postdoctoral scholar in his group whose background was in finite geometry.

"It turned out that the pseudorandom graph we needed could be found in finite geometry," Verstraete stated. "Sam was the perfect person to come along and help build what we needed."

Once they had the pseudorandom graph in place, they still had to puzzle out several pieces of math. It took almost a year, but eventually they realized they had a solution: r(4,t) is close to a cubic function of t. If you want a party where there will always be four people who all know each other or t people who all don't know each other, you will need roughly t3 people present. There is a small asterisk (actually an o) because, remember, this is an estimate, not an exact answer. But t3 is very close to the exact answer.

The findings are currently under review with the Annals of Mathematics.

"It really did take us years to solve," Verstraete stated. "And there were many times where we were stuck and wondered if we'd be able to solve it at all. But one should never give up, no matter how long it takes."

Verstraete emphasizes the importance of perseverance -- something he reminds his students of often. "If you find that the problem is hard and you're stuck, that means it's a good problem. Fan Chung said a good problem fights back. You can't expect it just to reveal itself."

Verstraete knows such dogged determination is well-rewarded: "I got a call from Fan saying she owes me $250."
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Biofilm-resistant glass for marine environments | ScienceDaily
A group of researchers led by University of Massachusetts Amherst engineers have created ultraviolet (UV) rays-emitting glass that can reduce 98% of biofilm from growing on surfaces in underwater environments, as reported in the journal Biofilm.


						
Biofilm is a slimy layer of various types of microorganisms that grows on wet surfaces. "If you look down your sink and touch the inner side of it -- that slimy substance is biofilm," describes Mariana Lanzarini-Lopes, assistant professor of civil and environmental engineering at UMass Amherst, and a corresponding author on the paper.

Biofilm is a significant issue for underwater applications. The United States Navy estimates that biofilms cost its fleet between $180 and $260 million annually. Biofilm growth on all underwater surfaces increases a ship's drag and subsequent fuel usage, as well as corrosion damage on ships or oceanographic equipment.

Biofilm can also fog up windows used for cameras and other sensing devices that rely on transparency, and transport non-native species across the seas.

Current solutions for dealing with biofilm rely on chemical agents like biocidal coatings to kill the organisms or nonstick coatings to prevent biofilms from attaching in the first place. However, these methods can have negative effects on the ecosystem and only last for a short duration.

As an alternative to these chemical methods the UMass Amherst team, with funding from the U.S. Office of Naval Research (ONR), developed biofilm-resistant glass using UVC radiation, the shortest and most effective at disinfecting wavelength of UV radiation. Lopes's lab has already demonstrated that UV side-emitting optical fiber can distribute UVC radiation in small channels, like medical equipment (i.e. endoscopes, catheters and respirators), home devices (coffee makers and refrigerators) and water storage/distribution systems (pipes, bladders, membranes) to inactivate pathogenic organisms and prevent bacteria growth on surfaces.

"A lot of people know about UV for disinfecting surfaces, air and water," says Lopes. "People started using it a lot more especially because it was really effective for disinfection of the SARS-CoV-2 virus."

However, in an underwater environment, it's not as simple as shining UV light onto glass. "We cannot use traditional light sources to distribute light evenly on the surface," for several reasons, says Leila Alidokht, postdoctoral research associate?in Lopes's lab and lead study author. Light becomes weaker as it moves away from the source, making it difficult to cover large surface areas. The UV waves can also be disrupted by how murky the surrounding water.




Uneven distribution of the UV light gives biofilm-forming microorganisms a foothold and leaves the whole surface vulnerable: "If the biofilm can attach to a part of the surface, it can spread to other parts," she adds.

The team's solution is a silica-nanoparticle coating on the glass. "The UV LED is connected from the cross-section of the glass," Alidokht describes. "As UV enters the glass, we scatter the UV from inside of the glass to the outside," using these light-scattering nanoparticles. The silica does not absorb the UV rays. The waves continue to bounce off the nanoparticles and through the glass interior which enables an evenly "glowing" glass surface.

To test it, the researchers, in partnership with Florida Tech and the Navy, submerged this UV-emitting glass in the waters of Port Canaveral, Florida for 20 days. Compared to untreated glass, this glass reduced visible biofilm growth by 98%.

"Contrary to external UV irradiation technique, UV-emitting glass inhibits biofilm formation directly at the surface of interest -- the surface itself serves as a UVC source," says Alidokht.

She is excited that this discovery opens the door for diverse disinfection applications. "The developed technology can be used for disinfection of transparent surfaces such as windows of ships, flotation spheres and moored buoys, camera lenses and sensors for oceanographical, agricultural and water treatment applications," she says.

The team has received a provisional patent for their discovery.

Now that the team has proven that this glass effectively resists biofilm formation (known as biofouling), they are excited to optimize their discovery: testing long-term applications, assessing any effects on the environment and creating larger surface areas.

Another future avenue of exploration: "We're also trying to prevent biofilm on camera lenses," adds Lopes. "The maininhibitor of the length of time for deployment [of underwater cameras] is biofouling, so as long as you can decrease the rate of biofouling, you can increase how long you deploy all this optical equipment."
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Chemistry researchers modify solar technology to produce a less harmful greenhouse gas | ScienceDaily
Researchers in the UNC-Chapel Hill Chemistry Department are using semiconductors to harvest and convert the sun's energy into high-energy compounds that have the potential to produce environmentally friendly fuels.


						
In the paper, "Methyl Termination of p-Type Silicon Enables Selective Photoelectrochemical CO2 Reduction by a Molecular Ruthenium Catalyst," published in ACS Energy Letters, the researchers explain how they use a process called methyl termination that uses a simple organic compound of one carbon atom bonded to three hydrogen atoms to modify the surface of silicon, an essential component in solar cells, to improve its performance in converting carbon dioxide into carbon monoxide using sunlight.

The research was supported by the Center for Hybrid Approaches in Solar Energy to Liquid Fuels (CHASE), an Energy Innovation Hub funded by the DOE Office of Science, and informed by a process called artificial photosynthesis, which mimics how plants use sunlight to convert carbon dioxide into energy-rich molecules. Carbon dioxide is a major greenhouse gas contributing to climate change. By converting it to carbon monoxide, which is a less harmful greenhouse gas and a building block for more complex fuels, the researchers said they can potentially mitigate the environmental impact of carbon dioxide emissions.

"One challenge with solar energy is that it's not always available when we have the highest need for it," said Gabriella Bein, the paper's first author and a Ph.D. student in chemistry. "Another challenge is that renewable electricity, like that from solar panels, doesn't directly provide the raw materials needed for making chemicals. Our goal is to store solar power in the form of liquid fuels that can be used later."

The researchers used a ruthenium molecular catalyst with a piece of chemically modified silicon, called a photoelectrode, that facilitated the conversion of carbon dioxide to carbon monoxide using light energy without producing unwanted byproducts, such as hydrogen gas, making the process more efficient for converting carbon dioxide into other substances.

Jillian Dempsey, a co-author of the paper and Bowman and Gordon Gray Distinguished Term Professor, said that when they ran experiments in a solution filled with carbon dioxide, they found that they could produce carbon monoxide at 87% efficiency, meaning the system using the modified silicon photoelectrodes is comparable or better than systems using traditional metal electrodes, such as gold or platinum.

In addition, the silicon photoelectrode used 460 millivolts less electrical energy to produce a reaction than one would have using only electricity. Dempsey called this significant, because the process uses direct light harvesting to supplement or offset the energy required to drive the chemical reaction that converts carbon dioxide into carbon monoxide.

"What's interesting is normally silicon surfaces make hydrogen gas instead of carbon monoxide, which makes it harder to produce it from carbon dioxide," said Dempsey, who is also deputy director of CHASE. "By using this special methyl-terminated silicon surface, we were able to avoid this problem. Modifying the silicon surface makes the process of converting CO2 into carbon monoxide more efficient and selective, which could be really useful for making liquid fuels from sunlight in the future."

Bein and Dempsey collaborated on the research with Professor Alexander Miller; Eric Assaf, a former graduate student in the department; Senior Research Scientist Renato Sampaio; Madison Stewart, an undergraduate chemistry major; and Senior Research Scientist Stephen Tereniak.

CHASE is made up of seven different institutions, headquartered at UNC-Chapel Hill, and received $40 million in funding from the Department of Energy in 2020 to accelerate fundamental research on ways to produce fuels from sunlight.
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Wound treatment gel fights the battle against antibacterial resistance | ScienceDaily
Hydrogels are popular for use in skin ailments and tissue engineering. These polymer-based biocompatible materials are useful for their abilities to retain water, deliver drugs into wounds, and biodegrade. However, they are complicated to manufacture and not very resilient to external forces like rubbing against clothing, sheets, or wound dressings. They are also not inherently able to battle bacterial infections, so they are often infused with antimicrobial drugs or metal ions, which can cause antibiotic resistance and negative effects on cell growth.


						
In a paper published this week in APL Materials, by AIP Publishing, researchers created a hydrogel that is easier to synthesize, contains natural antibiotic properties, and promotes cell growth.

"A diabetic patient may have skin wounds that do not heal easily due to metabolic disease," author Jing Sun said. "The patient may try to treat the wounds with topical medicines such as erythromycin, and it may be effective at first, but over a long period of time, it may fail to relieve symptoms. This could be due to antibiotic resistance."

Using the common hydrogel Gel-MA, they added the amino acid polylysine and platelet-rich blood plasma to create properties that are well-suited to wound care. The result is a hydrogel that is stronger, expands in the wound, lasts longer, kills bacteria, and creates a healthy environment for new cells to grow.

"The hydrogel continuously releases polylysine on the wound surface and continuously inhibits bacterial growth," Sun said. "We chose e-polylysine because it can inhibit the growth of bacteria and solve the problem of antibiotic abuse, drug resistance, and does not affect the proliferation and development of cells. It can also conjugate with gelatin methacrylate, which plays an antimicrobial role and enhances the mechanical strength of the hydrogel."

In tests with E. coli and S. aureus, the bacterium that causes staph infection, the hydrogel damaged bacteria cell membranes and led to bacterial cell death. For healthy cells, the inclusion of platelet-rich blood plasma resulted in a release of growth factors and an increase of viable cells.

"The most interesting and exciting moment for me was when we mixed the polylysine and platelet-rich plasma solutions to see if they could form a hydrogel under UV irradiation," Sun said.

The experiment worked, and the hydrogel can be cured under a UV lamp for 30 seconds instead of curing by repeatedly freezing and thawing for up to 8 hours.

"As a clinician and researcher in dermatology, I have the obligation to provide better treatments for patients," Sun said. "Patients with chronically infected wounds combined with metabolic diseases, such as diabetes, malnutrition, and other diseases, as well as long-term bedridden patients will be helped by this solution."
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100 kilometers of quantum-encrypted transfer | ScienceDaily
Researchers at DTU have successfully distributed a quantum-secure key using a method called Continuous Variable Quantum Key Distribution (CV QKD). The researchers have managed to make the method work over a record 100 km distance -- the longest distance ever achieved using the CV QKD method. The advantage of the method is that it can be applied to the existing Internet infrastructure.


						
Quantum computers threaten existing algorithm-based encryptions, which currently secure data transfers against eavesdropping and surveillance. They are not yet powerful enough to break them, but it's a matter of time. If a quantum computer succeeds in figuring out the most secure algorithms, it leaves an open door to all data connected via the internet. This has accelerated the development of a new encryption method based on the principles of quantum physics.

But to succeed, researchers must overcome one of the challenges of quantum mechanics -- ensuring consistency over longer distances. Continuous Variable Quantum Key Distribution has so far worked best over short distances.

"We have achieved a wide range of improvements, especially regarding the loss of photons along the way. In this experiment, published in Science Advances, we securely distributed a quantum-encrypted key 100 kilometres via fibre optic cable. This is a record distance with this method," says Tobias Gehring, an associate professor at DTU, who, together with a group of researchers at DTU, aims to be able to distribute quantum-encrypted information around the world via the internet.

Secret keys from quantum states of light

"When data needs to be sent from A to B, it must be protected. Encryption combines data with a secure key distributed between sender and receiver so both can access the data. A third party must not be able to figure out the key while it is being transmitted; otherwise, the encryption will be compromised. Key exchange is, therefore, essential in encrypting data.

Quantum Key Distribution (QKD) is an advanced technology that researchers are working on for crucial exchanges. The technology ensures the exchange of cryptographic keys by using light from quantum mechanical particles called photons.




When a sender sends information encoded in photons, the quantum mechanical properties of the photons are exploited to create a unique key for the sender and receiver. Attempts by others to measure or observe photons in a quantum state will instantly change their state. Therefore, it is physically only possible to measure light by disturbing the signal.

"It is impossible to make a copy of a quantum state, as when making a copy of an A4 sheet -- if you try, it will be an inferior copy. That's what ensures that it is not possible to copy the key. This can protect critical infrastructure such as health records and the financial sector from being hacked," explains Tobias Gehring.

Works via existing infrastructure

The Continuous Variable Quantum Key Distribution (CV QKD) technology can be integrated into the existing internet infrastructure.

"The advantage of using this technology is that we can build a system that resembles what optical communication already relies on."

The backbone of the internet is optical communication. It works by sending data via infrared light running through optical fibres. They function as light guides laid in cables, ensuring we can send data worldwide. Data can be sent faster and over longer distances via fibre optic cables, and light signals are less susceptible to interference, which is called noise in technical terms.




"It is a standard technology that has been used for a long time. So, you don't need to invent anything new to be able to use it to distribute quantum keys, and it can make implementation significantly cheaper. And we can operate at room temperature," explains Tobias Gehring, adding:

"But CV QKD technology works best over shorter distances. Our task is to increase the distance. And the 100 kilometres is a big step in the right direction."

Noise, Errors, and Assistance from Machine Learning

The researchers succeeded in increasing the distance by addressing three factors that limit their system in exchanging the quantum-encrypted keys over longer distances:

Machine learning provided earlier measurements of the disturbances affecting the system. Noise, as these disturbances are called, can arise, for example, from electromagnetic radiation, which can distort or destroy the quantum states being transmitted. The earlier detection of the noise made it possible to reduce its corresponding effect more effectively.

Furthermore, the researchers have become better at correcting errors that can occur along the way, which can be caused by noise, interference, or imperfections in the hardware.

"In our upcoming work, we will use the technology to establish a secure communication network between Danish ministries to secure their communication. We will also attempt to generate secret keys between, for example, Copenhagen and Odense to enable companies with branches in both cities to establish quantum-safe communication," Tobias Gehring says.

Facts:

We don't exactly know what happens -- yet.

Quantum Key Distribution was developed as a concept in 1984 by Bennett and Brassard, while the Canadian physicist and computer pioneer Artur Ekert and his colleagues carried out the first practical implementation of QKD in 1992. Their contribution has been crucial for developing modern QKD protocols, a set of rules, procedures, or conventions that determine how a device should perform a task.

Quantum Key Distribution (QKD) is based on a fundamental uncertainty in copying photons in a quantum state. Photons are the quantum mechanical particles that light consists of.

Photons in a quantum state carry a fundamental uncertainty, meaning it is not possible with certainty to know whether the photon is one or several photons collected in the given state, also called coherent photons. This prevents a hacker from measuring the number of photons, making it impossible to make an exact copy of a state.

They also carry a fundamental randomness because photons are in multiple states simultaneously, also called superposition. The superposition of photons collapses into a random state when the measurement occurs. This makes it impossible to measure precisely which phase they are in while in superposition.

Together, it becomes nearly impossible for a hacker to copy a key without introducing errors, and the system will know if a hacker is trying to break in and can shut down immediately. In other words, it becomes impossible for a hacker to first steal the key and then to avoid the door locking as he tries to put the key in the lock.

Continuous Variable Quantum Key Distribution (CV QKD) focuses on measuring the smooth properties of quantum states in photons. It can be compared to conveying information in a stream of all the nuances of colours instead of conveying information step by step in each colour.

Facts:

The Innovation Fund Denmark, the Danish National Research Foundation, the European Union's Horizon Europe research and innovation program, the Carlsberg Foundation, and the Czech Science Foundation support the project.

The research group comprises Adnan A.E. Hajomer, Nitin Jain, Hou-Man Chin, Ivan Derkach, Ulrik L. Andersen, and Tobias Gehring.

The Danish Quantum Communication Infrastructure (QCI.DK) targets the first deployment of Danish quantum communication technologies in a versatile network supporting real-life Quantum Key Distribution applications.
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New materials discovered for safe, high-performance solid-state lithium-ion batteries | ScienceDaily
All-solid-state lithium-ion (Li-ion) batteries with solid electrolytes are non-flammable and have higher energy density and transference numbers than those with liquid electrolytes. They are expected to take a share of the market for conventional liquid electrolyte Li-ion batteries, such as electric vehicles. However, despite these advantages, solid electrolytes have lower Li-ion conductivity and pose challenges in achieving adequate electrode-solid electrolyte contact. While sulfide-based solid electrolytes are conductive, they react with moisture to form toxic hydrogen disulfide. Therefore, there's a need for non-sulfide solid electrolytes that are both conductive and stable in air to make safe, high-performance, and fast-charging solid-state Li-ion batteries.


						
In a recent study published in Chemistry of Materialson 28 March 2024, a research team led by Professor Kenjiro Fujimoto, Professor Akihisa Aimi from Tokyo University of Science, and Dr. Shuhei Yoshida from DENSO CORPORATION, discovered a stable and highly conductive Li-ion conductor in the form of a pyrochlore-type oxyfluoride.

According to Prof. Fujimoto, "Making all-solid-state lithium-ion secondary batteries has been a long-held dream of many battery researchers. We have discovered an oxide solid electrolyte that is a key component of all-solid-state lithium-ion batteries, which have both high energy density and safety. In addition to being stable in air, the material exhibits higher ionic conductivity than previously reported oxide solid electrolytes."

The pyrochlore-type oxyfluoride studied in this work can be denoted as Li2-xLa(1+x)/3M2O6F (M = Nb, Ta). It underwent structural and compositional analysis using various techniques, including X-ray diffraction, Rietveld analysis, inductively coupled plasma optical emission spectrometry, and selected-area electron diffraction. Specifically, Li1.25La0.58Nb2O6F was developed, demonstrating a bulk ionic conductivity of 7.0 mS cm[?]1 and a total ionic conductivity of 3.9 mS cm[?]1 at room temperature. It was found to be higher than the lithium-ion conductivity of known oxide solid electrolytes. The activation energy of ionic conduction of this material is extremely low, and the ionic conductivity of this material at low temperature is one of the highest among known solid electrolytes, including sulfide-based materials.

Exactly, even at -10degC, the new material has the same conductivity as conventional oxide-based solid electrolytes at room temperature. Furthermore, since conductivity above 100 degC has also been verified, the operating range of this solid electrolyte is -10 degC to 100 degC. Conventional lithium-ion batteries cannot be used at temperatures below freezing. Therefore, the operating conditions of lithium-ion batteries for commonly used mobile phones are 0 degC to 45 degC.

The Li-ion conduction mechanism in this material was investigated. The conduction path of pyrochlore-type structure cover the F ions located in the tunnels created by MO6 octahedra. The conduction mechanism is the sequential movement of Li-ions while changing bonds with F ions. Li ions move to the nearest Li position always passing through metastable positions. Immobile La3+ bonded to F ion inhibits the Li-ion conduction by blocking the conduction path and vanishing the surrounding metastable positions.

Unlike existing lithium-ion secondary batteries, oxide-based all solid-state batteries have no risk of electrolyte leakage due to damage and no risk of toxic gas generation as with sulfide-based batteries. Therefore, this new innovation is anticipated to lead future research. "The newly discovered material is safe and exhibits higher ionic conductivity than previously reported oxide-based solid electrolytes. The application of this material is promising for the development of revolutionary batteries that can operate in a wide range of temperatures, from low to high," envisions Prof. Fujimoto. "We believe that the performance required for the application of solid electrolytes for electric vehicles is satisfied."

Notably, the new material is highly stable and will not ignite if damaged. It is suitable for airplanes and other places where safety is critical. It is also suitable for high-capacity applications, such as electric vehicles, because it can be used under high temperatures and supports rapid recharging. Moreover, it is also a promising material for miniaturization of batteries, home appliances, and medical devices.

In summary, researchers have not only discovered a Li-ion conductor with high conductivity and air stability but also introduced a new type of superionic conductor with a pyrochlore-type oxyfluoride. Exploring the local structure around lithium, their dynamic changes during conduction, and their potential as solid electrolytes for all-solid-state batteries are important areas for future research!
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I spy with my speedy eye: Scientists discover speed of visual perception ranges widely in humans | ScienceDaily
Using a blink-and-you'll-miss-it experiment, researchers from Trinity College Dublin have discovered that individuals differ widely in the rate at which they perceive visual signals. Some people perceive a rapidly changing visual cue at frequencies that others cannot, which means some access more visual information per timeframe than others.


						
This discovery suggests some people have an innate advantage in certain settings where response time is crucial, such as in ball sports, or in competitive gaming.

The rate with which we perceive the world is known as our "temporal resolution," and in many ways it is similar to the refresh rate of a computer monitor.

The researchers, from the Department of Zoology in the School of Natural Sciences and the Trinity College Institute of Neuroscience, found that there is considerable variation among people in their temporal resolution, meaning some people effectively see more "images per second" than others.

To quantify this, the scientists used the "critical flicker fusion threshold," a measure for the maximum frequency at which an individual can perceive a flickering light source.

If the light source flickers above a person's threshold, they will not be able to see that it is flickering, and instead see the light as steady. Some participants in the experiment indicated they saw the light as completely still when it was in fact flashing about 35 times per second, while others were still able to perceive the flashing at rates of over 60 times per second.

Clinton Haarlem, PhD Candidate in the School of Natural Sciences, is the first author of the article that has just been published in leading journal PLOS ONE. He said: "We also measured temporal resolution on multiple occasions in the same participants and found that even though there is significant variation among individuals, the trait appears to be quite stable over time within individuals."

Though our visual temporal resolution is quite stable from day to day in general, a post-hoc analysis did suggest that there may be slightly more variation over time within females than within males.




"We don't yet know how this variation in visual temporal resolution might affect our day-to-day lives, but we believe that individual differences in perception speed might become apparent in high-speed situations where one might need to locate or track fast-moving objects, such as in ball sports, or in situations where visual scenes change rapidly, such as in competitive gaming," added Clinton Haarlem.

"This suggests that some people may have an advantage over others before they have even picked up a racquet and hit a tennis ball, or grabbed a controller and jumped into some fantasy world online."

Andrew Jackson, Professor in Zoology in Trinity's School of Natural Sciences, said: "What I think is really interesting about this project is how a zoologist, a geneticist and a psychologist can all find different angles to this work. For me as a zoologist the consequences of variation in visual perception likely has profound implications for how predators and prey interact, with various arms-races existing for investment in brain processing power and clever strategies to exploit weaknesses in one's enemy."

Kevin Mitchell, Associate Professor in Developmental Neurobiology in Trinity's School of Genetics and Microbiology, and the Trinity College Institute of Neuroscience, said: "Because we only have access to our own subjective experience, we might naively expect that everyone else perceives the world in the same way we do. Examples like colour blindness show that isn't always true, but there are many less well known ways that perception can vary too. This study characterises one such difference -- in the 'frame rate"' of our visual systems. Some people really do seem to see the world faster than others."
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Engineers 'symphonize' cleaner ammonia production | ScienceDaily
Among the many chemicals we use every day, ammonia is one of the worst for the atmosphere. The nitrogen-based chemical used in fertilizer, dyes, explosives and many other products ranks second only to cement in terms of carbon emissions, due to the high temperatures and energy needed to manufacture it.


						
But by improving on a well-known electrochemical reaction and orchestrating a "symphony" of lithium, nitrogen and hydrogen atoms, University of Illinois Chicago engineers led by Meenesh Singhhave developed a new ammonia production processthat meets several green targets.

The process, called lithium-mediated ammonia synthesis, combines nitrogen gas and a hydrogen-donating fluid such as ethanol with a charged lithium electrode. Instead of cracking apart nitrogen gas molecules with high temperature and pressure, nitrogen atoms stick to the lithium, then combine with hydrogen to make the ammonia molecule.

The reaction works at low temperatures, and it's also regenerative, restoring the original materials with each cycle of ammonia production.

"There are two loops that happen. One is regeneration of the hydrogen source and second is the regeneration of the lithium," said Singh, associate professor of chemical engineering at UIC. "There is a symphony in this reaction, due to the cyclic process. What we did was understand this symphony in a better way and try to modulate it in a very efficient way, so that we can create a resonance and make it move faster."

The process, described in a paper published and featured on the cover of ACS Applied Materials & Interfaces, is the latest innovation from Singh's lab in the quest for cleaner ammonia. Previously, his group developed methods to synthesize the chemical using sunlight and wastewater and created an electrified copper mesh screen that reduces the amount of energy needed to make ammonia.

Their latest advance is built on a reaction that is hardly new. Scientists have known about it for nearly a century.




"The lithium-based approach can actually be found in any organic chemistry textbook. It's very well-known" Singh said. "But making this cycle run efficiently and selectively enough to meet economically feasible targets was our contribution."

Those targets include high energy efficiency and low cost. If scaled up, the process would produce ammonia at roughly $450 per ton, which is 60% cheaper than prior lithium-based approaches and other proposed green methods, according to Singh.

But selectivity is also important, as many attempts to make ammonia production cleaner have ended up creating large quantities of unwanted hydrogen gas instead.

The Singh group's results are among the first to achieve levels of selectivity and energy use that could meet Department of Energy standards for industrial-scale production of ammonia. Singh also said the process, which can be performed in a modular reactor, can be made even greener by powering it with electricity from solar panels or other renewable sources and feeding the reaction with air and water.

The process also could help meet another energy goal -- the use of hydrogen as fuel. Reaching that goal has been stymied by the difficulties of transporting the highly combustible liquid.

"You want hydrogen to be generated, transported and delivered to hydrogen pumping stations, where hydrogen can be fed to the cars. But it's very dangerous," Singh said. "Ammonia could function as a carrier of hydrogen. It's very cheap and safe to transport, and at the destination you can convert ammonia back to hydrogen."

Currently, the scientists are partnering with the General Ammonia Co. to pilot and scale up their lithium-mediated ammonia synthesis process at a plant in the Chicago area. UIC's Office of Technology Management has filed a patent for the process.

The research was funded by grants from General Ammonia Co. Co-authors of the paper are Nishithan C. Kani and Ishita Goyal of UIC, Joseph A. Gauthier of Texas Tech University and Windom Shields and Mitchell Shields of General Ammonia Co.
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Are high-purity cathode materials truly necessary? | ScienceDaily
Manufacturers of secondary battery cells (LG Energy Solution, Samsung SDI, and SK on) have been insisting on very stringent purity specifications from suppliers of cathode materials to ensure a consistent quality output. The purity specifications for cathode materials have been closely guarded as trade secrets with little active scrutiny on the necessity of such high specifications. In response to the demands of cell manufacturers, suppliers of cathode materials have been investing significantly in purifying raw metals, consequently raising the unit cost of batteries.


						
A research team led by Professor Yong-Tae Kim from the Department of Materials Science and Engineering at Pohang University of Science and Technology (POSTECH), in collaboration with Professor Kyu-Young Park from the Graduate Institute of Ferrous & Eco Materials Technology and the Department of Materials Science and Engineering at POSTECH, and the research team of Dr. Woochul Jung from the Research Institute of Industrial Science and Technology (RIST), has discovered that the purity specifications for cathode materials, as set by cell manufacturers, are overly stringent. Their research demonstrates that streamlining the lithium refining process could substantially reduce the unit cost of batteries. The research findings are published in 'Nature Communications', one of international scientific journals.

In this research, the team delved into the impact of lithium raw material purity on the production and performance of secondary battery cathode materials. Conventionally, it's assumed that impurities in lithium materials hamper secondary battery performance. Therefore, the goal is to manufacture lithium materials with purity of at least 99.5%. Nevertheless, the team uncovered that the presence of approximately 1% magnesium (Mg) impurity in the lithium raw material actually enhances process efficiency and prolongs the secondary battery's lifespan. Through their experiments, they demonstrated that utilizing low-purity lithium, not entirely rid of impurities, could reduce secondary battery production costs and carbon dioxide emissions by up to 19.4% and 9.0%, respectively.

Professor Yong-Tae Kim who led the research stated, " Secondary battery cell manufacturers need to reassess whether their current cathode material specifications are too stringent." He further remarked, "Considering unconventional approaches could offer a fresh strategy against China's aggressively low prices."
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Study uses artificial intelligence to show how personality influences the expression of our genes | ScienceDaily
An international study led by the UGR using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.


						
The study, published in the journal Molecular Psychiatry (Nature), examines how an individual's personality and underlying outlook on life regulate their gene expression, and thus affect their health and well-being. It is the first study to measure the transcription of the entire genome in relation to human personality.

The multi- and interdisciplinary study was led by researchers from the Andalusian Interuniversity Research Institute in Data Science and Computational Intelligence (DaSCI), the UGR's Department of Computer Science and Artificial Intelligence, and the Biohealth Research Institute in Granada (ibs.GRANADA). It was carried out in collaboration with Professor Robert Cloninger (Washington University in St. Louis), researchers from Baylor College of Medicine (Texas, USA) and the Young Finns Study (Finland).

The international research team (made up of specialists in genetics, medicine, psychology and computer science) used data from the Young Finns Study, an extensive study conducted in the general population of Finland over four decades during which relevant information was collected on participants' health, physical condition and lifestyle. In addition, participants were subjected to extensive personality assessments that addressed both temperament (habits and emotional reactivity) and character (conscious goals and values). The results showed that certain outlooks on life are conducive to a healthy, fulfilling and long life, while others lead to a stressful, unhealthy and short life.

The study analysed the regulation of gene expression in these individuals, taking into account three levels of self-awareness that were measured through their combined temperament and character profiles. These levels were designated "unregulated" -- individuals dominated by irrational emotions and habits associated with their traditions and obedience to authority, "organised" -- self-sufficient individuals capable of intentionally regulating their habits and cooperating with others for mutual benefit, and lastly, "creative" -- self-transcendent individuals who adapt their habits to live in harmony with others, with nature or with the universe, even if this requires occasional personal sacrifices.

Two key findings

As UGR researcher and co-lead author of the study Coral del Val explains: "In our research we made two key discoveries about the expression and organisation of genes according to the personality profiles of these individuals. First, we discovered a network of 4,000 genes that clustered into multiple modules that were expressed in specific regions of the brain. Some of these genes had already been linked in previous studies to the inheritance of human personality. Second, we discovered that the modules formed a functional interaction network capable of orchestrating changes in gene expression in order to adapt to varying internal and external conditions. The modules turned on and off in a flexible manner, facilitating adaptation to the everyday challenges we all face, and choreographing our development."

The researchers showed that the changes in the patterns of interaction between these modules were orchestrated by two sub-networks. One network regulated emotional reactivity (anxiety, fear, etc.), while the other regulated what a person perceives as meaningful (e.g. production of concepts and language). "What's most remarkable is the fact that the networks for emotion and meaning are coordinated by a control centre made up of six genes," notes Elisa Diaz de la Guardia-Bolivar, the other co-lead author of the study. "It is particularly interesting that we found that the six genes of the control hub are highly preserved throughout evolution, from single-celled organisms to modern humans. This finding confirms their beneficial role in regulating the functioning of all forms of life on Earth," she adds.




Identifying these gene networks and the control hub regulating gene expression in humans has practical value because it shows how people can improve the quality of their health, happiness and overall quality of daily life, despite the challenges and stresses we all face.

The UGR's Igor Zwir explains: "In previous research, we found significant differences in well-being between people in the three personality groups, depending on their level of self-awareness. Specifically, those with greater self-awareness (the creative group) reported greater well-being compared to the organised and unregulated groups. We have now shown that these levels of self-awareness are also strongly associated with the regulation of gene expression in the same order (creative > organised > unregulated). This suggests that a person can improve their health and well-being by cultivating a more self-transcendent and creative outlook on life."

However, he cautions that it remains to be confirmed whether the regulation of gene expression through interventions that enhance self-awareness is the mediating factor in the association between self-awareness and well-being. Nevertheless, treatments that promote greater self-transcendence and mindfulness have also been shown to contribute to improvements in all aspects of health, including physical, mental, social and spiritual well-being. It is therefore plausible that the regulation of gene expression is the real mediator in this association.

As the researchers predicted, certain types of genes, such as transcription factors, microRNAs and long non-coding RNAs, showed extensive enrichment in the 4000-gene integrated molecular network. However, the most significant enrichment was observed in a group of RNAs that are thought to have played a crucial role in the origin of cellular life. These RNAs have the ability to form membraneless compartments and carry out chemical reactions, allowing them to adapt rapidly to stress. This process, known as liquid-liquid phase separation (LLPS), creates a comprehensive bioreactor in which the chemicals that are essential for life can be synthesised.

"We are delighted to discover the important roles of different types of genes in health and personality. It is amazing to see that evolution has preserved genes that are thought to have been important in the origin of life, allowing for the increasing plasticity, complexity and consciousness that we observe in humans. The innovative computational methods used in this project enable us to study complex biological systems in humans in an ethical, non-intrusive and beneficial way, with the aim of understanding how to live healthily," says Professor Cloninger. He adds: "These findings clearly demonstrate that a person's mind and body are deeply interconnected. Each influences the other, so they are not separate. It is important to recognise that our future well-being is not entirely determined by our past or present conditions; rather, we can cultivate our own well-being in a creative process full of open-ended possibilities."
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Cellphone compass can measure tiny concentrations of compounds important for human health | ScienceDaily
Nearly every modern cellphone has a built-in compass, or magnetometer, that detects the direction of Earth's magnetic field, providing critical information for navigation. Now a team of researchers at the National Institute of Standards and Technology (NIST) has developed a technique that uses an ordinary cellphone magnetometer for an entirely different purpose -- to measure the concentration of glucose, a marker for diabetes, to high accuracy.


						
The same technique, which uses the magnetometer in conjunction with magnetic materials designed to change their shape in response to biological or environmental cues, could be used to rapidly and cheaply measure a host of other biomedical properties for monitoring or diagnosing human disease. The method also has the potential to detect environmental toxins, said NIST scientist Gary Zabow.

In their proof-of-concept study, Zabow and fellow NIST researcher Mark Ferris clamped to a cellphone a tiny well containing the solution to be tested and a strip of hydrogel -- a porous material that swells when immersed in water. The researchers embedded tiny magnetic particles within the hydrogel, which they had engineered to react either to the presence of glucose or to pH levels (a measure of acidity) by expanding or contracting. Changing pH levels can be associated with a variety of biological disorders.

As the hydrogels enlarged or shrunk, they moved the magnetic particles closer to or farther from the cellphone's magnetometer, which detected the corresponding changes in the strength of the magnetic field. Employing this strategy, the researchers measured glucose concentrations as small as a few millionths of a mole (the scientific unit for a certain number of atoms or molecules in a substance). Although such high sensitivity is not required for at-home monitoring of glucose levels using a drop of blood, it might in the future enable routine testing for glucose in saliva, which contains a much smaller concentration of the sugar.

The researchers reported their findings in the March 30, 2024 edition of Nature Communications.

Engineered, or "smart," hydrogels like the ones the NIST team employed are inexpensive and relatively easy to fabricate, Ferris said, and can be tailored to react to a host of different compounds that medical researchers may want to measure. In their experiments, he and Zabow stacked single layers of two different hydrogels, each of which contracted and expanded at different rates in response to pH or glucose. These bilayers amplified the motion of the hydrogels, making it easier for the magnetometer to track changes in magnetic field strength.

Because the technique does not require any electronics or power source beyond that of the cellphone nor call for any special processing of the sample, it offers an inexpensive way to conduct testing -- even in locations with relatively few resources.




Future efforts to improve the accuracy of such measurements using cellphone magnetometers might allow detection of DNA strands, specific proteins and histamines -- compounds involved in the body's immune response -- at concentrations as low as a few tens of nanomoles (billionths of a mole).

That improvement could have substantial benefit. For instance, measuring histamines, which are typically detected in urine at concentrations ranging from about 45 to 190 nanomoles, would ordinarily require a 24-hour urine collection and a sophisticated laboratory analysis.

"An at-home test using a cellphone magnetometer sensitive to nanomolar concentrations would allow measurements to be done with much less hassle," said Ferris. More generally, enhanced sensitivity would be essential when only a small amount of a substance is available for testing in extremely dilute quantities, Zabow added.

Similarly, the team's study suggests that a cellphone magnetometer can measure pH levels with the same sensitivity as a thousand-dollar benchtop meter but at a fraction of the cost. A home-brewer or a baker could use the magnetometer to quickly test the pH of various liquids to perfect their craft, and an environmental scientist could measure the pH of ground water samples on-site with higher accuracy than a litmus test strip could provide.

In order to make the cellphone measurements a commercial success, engineers will need to develop a method to mass produce the hydrogel test strips and ensure that they have a long shelf life, Zabow said. Ideally, he added, the hydrogel strips should be designed to react more quickly to environmental cues in order to speed up measurements.
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Physics-based predictive tool will speed up battery and superconductor research | ScienceDaily
From lithium-ion batteries to next-generation superconductors, the functionality of many modern, advanced technologies depends on the physical property known as intercalation. Unfortunately, it's difficult to identify in advance which of the many possible intercalated materials are stable, which necessitates a lot of trial-and-error lab work in product development.


						
Now, in a study recently published in ACS Physical Chemistry Au, researchers from the Institute of Industrial Science, The University of Tokyo, and collaborating partners have devised a straightforward equation that correctly predicts the stability of intercalated materials. The systematic design guidelines enabled by this work will speed up the development of upcoming high-performance electronics and energy-storage devices.

To appreciate the research team's achievement, we need to understand the context of this research. Intercalation is the reversible insertion of guests (atoms or molecules) into hosts (for example, 2D-layered materials). The purpose of intercalation is commonly to modify the host's properties or structure for improved device performance, as seen in, for example, commercial lithium-ion batteries. Although many synthetic methods are available for preparing intercalated materials, researchers have had no reliable means of predicting which host-guest combinations are stable. Therefore, much lab work has been needed to devise new intercalated materials for imparting next-generation device functionalities. Minimizing this lab work by proposing a straightforward predictive tool for host-guest stability was the goal of the research team's study.

"We are the first to develop accurate predictive tools for host-guest intercalation energies, and the stability of intercalated compounds," explains Naoto Kawaguchi, lead author of the study. "Our analysis, based on a database of 9,000 compounds, uses straightforward principles from undergraduate first-year chemistry."

A particular highlight of the work is that only two guest properties and eight host-derived descriptors were necessary for the researchers' energy and stability calculations. In other words, initial 'best guesses' weren't necessary; only the underlying physics of the host-guest systems. Furthermore, the researchers validated their model against nearly 200 sets of regression coefficients.

"We're excited because our regression model formulation is straightforward and physically reasonable," says Teruyasu Mizoguchi, senior author. "Other computational models in the literature lack a physical basis or validation against unknown intercalated compounds."

This work is an important step forward in minimizing the laborious lab work that's typically required to prepare intercalated materials. Given that many current and upcoming energy storage and electronic devices depend on such materials, the time and expense required for corresponding research and development will be minimized. Consequently, products with advanced functionalities will reach the market faster than what has been previously possible.
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App may pave way to treatments for no. 1 dementia in under-60s | ScienceDaily
UCSF-led research shows smartphone cognitive testing is comparable to gold-standard methods; may detect FTD in gene carriers before symptoms start.


						
A smartphone app could enable greater participation in clinical trials for people with frontotemporal dementia (FTD), a devastating neurological disorder that often manifests in midlife.

Research into the condition has been hampered by problems with early diagnosis and difficulty tracking how people are responding to treatments that are only likely to be effective at the early stages of disease.

To address this, a research team led by UC San Francisco deployed cognitive tests through a mobile app and found it could detect early signs of FTD in people who were genetically predisposed to get the disease but had not yet developed symptoms. These tests were at least as sensitive as neuropsychological evaluations done in the clinic.

The study appears in JAMA Network Open on April 1, 2024.

More than 30 FTD clinical trials are underway or in the planning stages, including one that may become the first drug approved to slow progression in some gene carriers. Researchers hope the new mobile technology will hasten the work.

"Eventually, the app may be used to monitor treatment effects, replacing many or most in-person visits to clinical trials' sites," said first author Adam Staffaroni, PhD, clinical neuropsychologist and associate professor in the UCSF Department of Neurology and the Weill Institute for Neurosciences.




FTD is the No. 1 cause of dementia in patients under 60, with up to 30% of cases attributed to genetics. It has three main variants with symptoms that may overlap. The most common causes dramatic personality shifts, which may manifest as lack of empathy, apathy, impulsivity, compulsive eating, and socially and sexually inappropriate behavior. Another affects movement, and a third impacts speech, language and comprehension, which is the variant that Bruce Willis is reported to have. In rare cases, FTD triggers bursts of visual creativity.

FTD is not easy to diagnose

As with Alzheimer's disease, patients with FTD are believed to be most responsive to treatment early on, ideally before their symptoms even emerge. "Most FTD patients are diagnosed relatively late in the disease, because they are young, and their symptoms are mistaken for psychiatric disorders," said senior author Adam Boxer, MD, PhD, endowed professor in memory and aging at the UCSF Department of Neurology.

"We've heard from families that they often suspect their loved one has FTD long before a physician agrees that is the diagnosis," said Boxer, who is also director of the UCSF Alzheimer's Disease and Frontotemporal Dementia Clinical Trials Program.

The researchers tracked 360 participants with an average age of 54 enrolled in ongoing studies at ALLFTDcenters and UCSF. About 90% had data on disease stage. These included 60% who did not have FTD or were gene carriers who had not yet developed symptoms, 20% with early signs of the disease and 21% with symptoms.

Software that can detect a waning ability to plan

Staffaroni and Boxer collaborated with software company Datacubed Health, which developed the platform, to include tests of executive function, such as planning and prioritizing, filtering distractions and controlling impulses. In FTD, the part of the brain responsible for executive functioning shrinks as the disease progresses.




The rich data collected by the app, including voice recordings and body movements, enabled the researchers to develop new tests that eventually could help with early diagnosis and monitoring of symptoms.

"We developed the capability to record speech while participants engaged with several different tests," said Staffaroni. "We also created tests of walking, balance and slowed movements, as well as different aspects of language."

FTD researchers say they are closer to finding treatments that may eventually slow the progression of the disease, which is fatal. These include gene and other therapies, such as antisense oligonucleotides (ASOs), to increase or decrease the production of proteins that are abnormal in gene carriers.

Although there are currently no plans to make the app available to the public, it could be a boon to research.

"A major barrier has been a lack of outcome measures that can be easily collected and are sensitive to treatment effects at early stages of the disease," said Staffaroni. "We hope that smartphone assessments will facilitate new trials of promising therapies."
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Chatbot outperformed physicians in clinical reasoning in head-to-head study | ScienceDaily
ChatGPT-4, an artificial intelligence program designed to understand and generate human-like text, outperformed internal medicine residents and attending physicians at two academic medical centers at processing medical data and demonstrating clinical reasoning. In a research letter published in JAMA Internal Medicine, physician-scientists at Beth Israel Deaconess Medical Center (BIDMC) compared a large language model's (LLM) reasoning abilities directly against human performance using standards developed to assess physicians.


						
"It became clear very early on that LLMs can make diagnoses, but anybody who practices medicine knows there's a lot more to medicine than that," said Adam Rodman MD, an internal medicine physician and investigator in the department of medicine at BIDMC. "There are multiple steps behind a diagnosis, so we wanted to evaluate whether LLMs are as good as physicians at doing that kind of clinical reasoning. It's a surprising finding that these things are capable of showing the equivalent or better reasoning than people throughout the evolution of clinical case."

Rodman and colleagues used a previously validated tool developed to assess physicians' clinical reasoning called the revised-IDEA (r-IDEA) score. The investigators recruited 21 attending physicians and 18 residents who each worked through one of 20 selected clinical cases comprised of four sequential stages of diagnostic reasoning. The authors instructed physicians to write out and justify their differential diagnoses at each stage. The chatbot GPT-4 was given a prompt with identical instructions and ran all 20 clinical cases. Their answers were then scored for clinical reasoning (r-IDEA score) and several other measures of reasoning.

"The first stage is the triage data, when the patient tells you what's bothering them and you obtain vital signs," said lead author Stephanie Cabral, MD, a third-year internal medicine resident at BIDMC. "The second stage is the system review, when you obtain additional information from the patient. The third stage is the physical exam, and the fourth is diagnostic testing and imaging."

Rodman, Cabral and their colleagues found that the chatbot earned the highest r-IDEA scores, with a median score of 10 out of 10 for the LLM, 9 for attending physicians and 8 for residents. It was more of a draw between the humans and the bot when it came to diagnostic accuracy -- how high up the correct diagnosis was on the list of diagnosis they provided -- and correct clinical reasoning. But the bots were also "just plain wrong" -- had more instances of incorrect reasoning in their answers -- significantly more often than residents, the researchers found. The finding underscores the notion that AI will likely be most useful as a tool to augment, not replace, the human reasoning process.

"Further studies are needed to determine how LLMs can best be integrated into clinical practice, but even now, they could be useful as a checkpoint, helping us make sure we don't miss something," Cabral said. "My ultimate hope is that AI will improve the patient-physician interaction by reducing some of the inefficiencies we currently have and allow us to focus more on the conversation we're having with our patients.

"Early studies suggested AI could makes diagnoses, if all the information was handed to it," Rodman said. "What our study shows is that AI demonstrates real reasoning -- maybe better reasoning than people through multiple steps of the process. We have a unique chance to improve the quality and experience of healthcare for patients."

Co-authors included Zahir Kanjee, MD, Philip Wilson, MD, and Byron Crowe, MD, of BIDMC; Daniel Restrepo, MD, of Massachusetts General Hospital; and Raja-Elie Abdulnour, MD, of Brigham and Women's Hospital.

This work was conducted with support from Harvard Catalyst | The Harvard Clinical and Translational Science Center (National Center for Advancing Translational Sciences, National Institutes of Health) (award UM1TR004408) and financial contributions from Harvard University and its affiliated academic healthcare centers.

Potential Conflicts of Interest: Rodman reports grant funding from the Gordon and Betty Moore Foundation. Crowe reports employment and equity in Solera Health. Kanjee reports receipt of royalties for books edited and membership on a paid advisory board for medical education products not related to AI from Wolters Kluwer, as well as honoraria for continuing medical education delivered from Oakstone Publishing. Abdulnour reports employment by the Massachusetts Medical Society (MMS), a not-for-profit organization that owns NEJM Healer. Abdulnour does not receive royalty from sales of NEJM Healer and does not have equity in NEJM Healer. No funding was provided by the MMS for this study. Abdulnour reports grant funding from the Gordan and Betty Moore Foundation via the National Academy of Medicine Scholars in Diagnostic Excellence.
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Research reveals language barriers limit effectiveness of cybersecurity resources | ScienceDaily
The idea for Fawn Ngo's latest research came from a television interview.


						
Ngo, a University of South Florida criminologist, had spoken with a Vietnamese language network in California about her interest in better understanding how people become victims of cybercrime.

Afterward, she began receiving phone calls from viewers recounting their own experiences of victimization.

"Some of the stories were unfortunate and heartbreaking," said Ngo, an associate professor in the USF College of Behavioral and Community Sciences. "They made me wonder about the availability and accessibility of cybersecurity information and resources for non-English speakers. Upon investigating further, I discovered that such information and resources were either limited or nonexistent."

The result is what's believed to be the first study to explore the links among demographic characteristics, cyber hygiene practices and cyber victimization using a sample of limited English proficiency internet users.

Ngo is the lead author of an article, "Cyber Hygiene and Cyber Victimization Among Limited English Proficiency (LEP) Internet Users: A Mixed-Method Study," which just published in the journal Victims & Offenders. The article's co-authors are Katherine Holman, a USF graduate student and former Georgia state prosecutor, and Anurag Agarwal, professor of information systems, analytics and supply chain at Florida Gulf Coast University.

Their research, which focused on Spanish and Vietnamese speakers, led to two closely connected main takeaways:
    	LEP Internet users share the same concern about cyber threats and the same desire for online safety as any other individual. However, they are constrained by a lack of culturally and linguistically appropriate resources, which also hampers accurate collection of cyber victimization data among vulnerable populations.
    	Online guidance that provides the most effective educational tools and reporting forms is only available in English. The most notable example is the website for the Internet Crime Complaint Center, which serves as the FBI's primary apparatus for combatting cybercrime.

As a result, the study showed that many well-intentioned LEP users still engage in risky online behaviors like using unsecured networks and sharing passwords. For example, only 29 percent of the study's focus group participants avoided using public Wi-Fi over the previous 12 months, and only 17 percent said they had antivirus software installed on their digital devices.




Previous research cited in Ngo's paper has shown that underserved populations exhibit poorer cybersecurity knowledge and outcomes, most commonly in the form of computer viruses and hacked accounts, including social media accounts. Often, it's because they lack awareness and understanding and isn't a result of disinterest, Ngo said.

"According to cybersecurity experts, humans are the weakest link in the chain of cybersecurity," Ngo said. "If we want to secure our digital borders, we must ensure that every member in society, regardless of their language skills, is well-informed about the risks inherent in the cyber world."

The study's findings point to a need for providing cyber hygiene information and resources in multiple formats, including visual aids and audio guides, to accommodate diverse literacy levels within LEP communities, Ngo said. She added that further research is needed to address the current security gap and ensure equitable access to cybersecurity resources for all Internet users.

In the meantime, Ngo is preparing to launch a website with cybersecurity information and resources in different languages and a link to report victimization.

"It's my hope that cybersecurity information and resources will become as readily accessible in other languages as other vital information, such as information related to health and safety," Ngo said. "I also want LEP victims to be included in national data and statistics on cybercrime and their experiences accurately represented and addressed in cybersecurity initiatives."
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Researchers produce grafts that replicate the human ear | ScienceDaily
Using state-of-the-art tissue engineering techniques and a 3D printer, researchers at Weill Cornell Medicine and Cornell Engineering have assembled a replica of an adult human ear that looks and feels natural. The study, published online in Acta Biomaterialia on March 16, offers the promise of grafts with well-defined anatomy and the correct biomechanical properties for those who are born with a congenital malformation or who lose an ear later in life.


						
"Ear reconstruction requires multiple surgeries and an incredible amount of artistry and finesse," said, Dr. Jason Spector, chief of the Division of Plastic and Reconstructive Surgery at NewYork-Presbyterian/Weill Cornell Medical Center and a professor of surgery (plastic surgery) at Weill Cornell Medicine. "This new technology may eventually provide an option that feels real for thousands needing surgery to correct outer ear deformities."

Many surgeons build a replacement ear using cartilage removed from a child's ribs, an operation that can be painful and scarring. And though the resulting graft can be crafted to resemble the recipient's other ear, it generally does not have the same flexibility.

Adding Texture to Structure

One way to produce a more natural replacement ear is to enlist the aid of chondrocytes, the cells that build cartilage. In earlier studies, Dr. Spector and his colleagues used animal-derived chondrocytes to seed a scaffold made of collagen, a key component of cartilage. Though these grafts developed successfully at first, over time the well-defined topography of the ear -- its familiar ridges, curves, and whorls -- were lost. "Because the cells tug on the woven matrix of proteins as they labor, the ear contracted and shrank by half," said Dr. Spector.

To address this problem in this study, Dr. Spector and his team used sterilized animal-derived cartilage treated to remove anything that could trigger immune rejection. This was loaded into intricate, ear-shaped plastic scaffolds that were created on a 3D printer based on data from a person's ear. The small pieces of cartilage act as internal reinforcements to induce new tissue formation within the scaffold. Much like rebar, it strengthens the graft and prevents contraction.

Over the next three to six months, the structure developed into cartilage containing tissue that closely replicated the ear's anatomical features, including the helical rim, the "anti-helix" rim-inside-the-rim and the central, conchal bowl. "That's something that we had not achieved before," said Dr. Spector.

To test the feel of the ear, biomechanical studies were performed in conjunction with Dr. Spector's long time engineering collaborator Dr. Larry Bonassar, the Daljit S. and Elaine Sarkaria Professor in Biomedical Engineering at the Meinig School of Biomedical Engineering on Cornell's Ithaca campus. This confirmed that the replicas had flexibility and elasticity similar to human ear cartilage. However, the engineered material was not as strong as natural cartilage and could tear.

To remedy this issue, Dr. Spector plans to add chondrocytes to the mix, ideally ones derived from a small piece of cartilage removed from the recipient's other ear. Those cells would lay down the elastic proteins that make ear cartilage so robust, producing a graft that would be biomechanically much more similar to the native ear, he said.

This work was supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health, grant TL1- TR-002386.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Ocean floor a 'reservoir' of plastic pollution
        New science has taken a deep dive into plastic waste, providing the first estimate of how much ends up on the sea floor.

      

      
        'Diverse' agriculture benefits people and the environment at the same time
        A new analysis from 2,655 farms on five continents suggests that moving away from industrial, monoculture farming could benefit both the planet and people.

      

      
        Climate change impacts terrorist activity
        Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.

      

      
        For mining in arid regions to be responsible, we must change how we think about water
        In an unprecedented study of the South American 'Lithium Triangle,' hydrologists discover that not all water responds the same way to environmental change and human use.

      

      
        New sunflower family tree reveals multiple origins of flower symmetry
        A new sunflower family tree used skimmed genomes to increase the number of species sampled, revealing that flower symmetry evolved multiple times independently, a process called convergent evolution, among the members of this large plant family.

      

      
        Developing a vaccine for the 'zombie drug' xylazine
        Chemical biologists design an early 'proof-of-concept' vaccine that could lead to the first effective treatment of xylazine overdose in people.

      

      
        Evolution in action? New study finds possibility of nitrogen-fixing organelles
        A new study finds that UCYN-A, a species of nitrogen-fixing cyanobacteria, may be evolving organelle-like characteristics.

      

      
        Early dinosaurs grew up fast, but they weren't the only ones
        The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a new study.

      

      
        Demand for critical minerals puts African Great Apes at risk
        A recent study shows that the threat of mining to the great ape population in Africa has been greatly underestimated.

      

      
        Giant phage holds promise as treatment for lung infections
        Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.

      

      
        Machine learning enables viability of vertical-axis wind turbines
        Researchers have used a genetic learning algorithm to identify optimal pitch profiles for the blades of vertical-axis wind turbines, which despite their high energy potential, have until now been vulnerable to strong gusts of wind.

      

      
        Plant-based plastic releases nine times less microplastics than conventional plastic
        A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.

      

      
        California leads U.S. emissions of little-known greenhouse gas
        California, a state known for its aggressive greenhouse gas reduction policies, is ironically the nation's greatest emitter of one: sulfuryl fluoride. As much as 17% of global emissions of this gas, a common pesticide for treating termites and other wood-infesting insects, stem from the United States. The majority of those emissions trace back to just a few counties in California, finds a new study.

      

      
        Discovery could end global amphibian pandemic
        A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.

      

      
        Plastic-free vegan leather that dyes itself grown from bacteria
        Researchers have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.

      

      
        New discovery unravels malaria invasion mechanism
        A recent breakthrough sheds light on how the malaria parasite, Plasmodium falciparum, invades human red blood cells. The study reveals the role of a sugar called sialic acid in this invasion process. The findings have major implications for malaria vaccine and drug development.

      

      
        Testing environmental water to monitor COVID-19 spread in unsheltered encampments
        To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen v...

      

      
        Water-based paints: Less stinky, but some still contain potentially hazardous chemicals
        Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as 'greener' and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to new research, some of these paints do contain compounds that are considered VOCs, along with other chemicals of emerging concern.

      

      
        Groundbreaking research in groundwater's role in ecosystem sustainability
        Until now, groundwater -- a critical water resource around the globe, especially in dry regions -- has been largely unstudied in its importance and role in sustaining ecosystems. New groundbreaking research examines the relationship between groundwater and ecosystems across California.

      

      
        Are universities connected to local sustainability? A new study suggests yes...and no.
        A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.

      

      
        Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments
        Scientists have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.

      

      
        A simple way to harvest more 'blue energy' from waves
        As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved 'blue energy' harvesting device. Researchers report that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.

      

      
        New step in tectonic squeeze that turns seafloor into mountains
        Researchers describe zircons from the Andes mountains of Patagonia. Although the zircons formed when tectonic plates were colliding, they have a chemical signature associated with when the plates were moving apart. The researchers think that the unexpected signature could be explained by the mechanics of underlying tectonic plates that hasn't yet been described in other models.

      

      
        Chicks show vision and touch linked at birth
        Study reveals that newly hatched chicks can instantly recognize objects with their vision, even if they've only ever experienced them by touch.

      

      
        Elastocaloric cooling: Refrigerator cools by flexing artificial muscles
        There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods.

      

      
        Last chance to record archaic Greek language 'heading for extinction'
        A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.

      

      
        Sunrise to sunset, new window coating blocks heat -- not view
        Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.

      

      
        A new estimate of U.S. soil organic carbon to improve Earth system models
        Emory environmentals scientist combined field-level data with machine-learning techniques to estimate soil organic carbon at the U.S. scale, another step toward providing more accurate baseline data to improve Earth system models for climate change.

      

      
        Scientists' urgent call: End destruction and forge a just, sustainable future
        An international team of scientists published a study emphasizing the urgent need to align political will, economic resources, and societal values to ensure a more sustainable and equitable world. The review summarizes the grave threats facing the planet but rejects a 'doom and gloom' philosophy. They advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants.

      

      
        These plants evolved in Florida millions of years ago: They may be gone in decades
        Scrub mints are among the most endangered plants you've probably never heard of. More than half of the 24 species currently known to exist are considered threatened or endangered at the state or federal level. In a new study, researchers show there are likely more scrub mint species waiting to be scientifically described. And at least one species has been left without federal protection because of a technicality.

      

      
        Companies ignoring climate risks get punished by markets, new study reveals
        Companies that proactively manage climate risks boost their valuations, while those with a passive stance are discounted in the equity market, according to new research.

      

      
        AI writing, illustration emits hundreds of times less carbon than humans, study finds
        A group of scholars calculated the amount of energy used by AI tools for the tasks of writing and illustrating and compared it to the average amount of energy humans use for the same processes. Their results showed artificial intelligence results in hundreds of times less carbon emissions than humans. This does not mean, however, that AI can or should replace humans in those tasks, simply that its energy usage is less. The better approach is a partnership between humans and AI, the authors write.

      

      
        Australia on track for unprecedented, decades-long megadroughts
        Australia could soon see megadroughts that last for more than 20 years, according to new modelling. The researchers' bleak findings are before factoring in human impact on the climate since the Industrial Revolution. According to the scientists, the findings paint a worrying picture of future droughts in Australia that are far worse than anything in recent experience.

      

      
        Building blocks for greener energy: Reconfigurable elastic metasurface
        Energy harvesting, an eco-friendly technology, extends beyond solar and wind power in generating electricity from unused or discarded energy in daily life, including vibrations generated by passing car engines or trains. Recent intriguing research has been announced, aiming to enhance the efficiency of energy harvesting using a new type of metasurface that can be reconfigured, resembling the assembly of LEGO bricks.

      

      
        How and why animals can live alongside humans
        New research suggests animals can thrive in human-dominated environments by being expert judges of risk. Researchers examined the behavior of great-tailed grackles, a bird species successfully invading much of urban North America, showing that the dispersing males shy away from risk, which is a characteristic the researchers show is well-suited to chaotic environments like cities. These findings provide unique insight into how and why animals and humans can coexist.

      

      
        When did the chicken cross the road? New evidence from Central Asia
        An international team of scholars present the earliest clear archaeological and biomolecular evidence for the raising of chickens for egg production, based on material from 12 archaeological sites spanning one and a half millennia. The research indicates that the domestic chicken, now a staple in diets around the world, is not as ancient as previously thought.

      

      
        Older trees help to protect an endangered species
        The oldest trees in the forest help to prevent the disappearance of endangered species in the natural environment, according to a new study. This is the case of the wolf lichen -- threatened throughout Europe --, which now finds refuge in the oldest trees in the high mountains of the Pyrenees. This study reveals for the first time the decisive role of the oldest trees in the conservation of other living beings thanks to their characteristic and unique physiology.

      

      
        Biofilm-resistant glass for marine environments
        Engineers have created ultraviolet (UV) rays-emitting glass that can reduce 98% of biofilm from growing on surfaces in underwater environments.

      

      
        Chemistry researchers modify solar technology to produce a less harmful greenhouse gas
        Researchers are using semiconductors to harvest and convert the sun's energy into high-energy compounds that have the potential to produce environmentally-friendly fuels.

      

      
        Scientists link certain gut bacteria to lower heart disease risk
        Changes in the gut microbiome have been implicated in a range of diseases including type 2 diabetes, obesity, and inflammatory bowel disease. Now, a team of researchers has found that microbes in the gut may affect cardiovascular disease as well. The team has identified specific species of bacteria that consume cholesterol in the gut and may help lower cholesterol and heart disease risk in people.

      

      
        Gloom and doom warnings about climate change do not work
        How do you spread a message about climate change? According to an international study involving 59,000 participants, some tactics may actually reduce support.

      

      
        Infant gut microbes have their own circadian rhythm, and diet has little impact on how the microbiome assembles
        Infant gut microbiomes oscillate with a circadian rhythm, even when they are cultivated outside of the body. Researchers report that the rhythm is detectable as early as 2 weeks after birth but becomes more pronounced with age. The finding comes from a randomized controlled trial that also showed that diet has less impact on the development and composition of the infant microbiome than previously thought.

      

      
        Golfers' risk from pesticides used on turfgrass is likely low
        For many, spring heralds fresh air and exercise on the golf course. But do players risk exposure to unsafe levels of pesticides used to beautify and maintain a golf course's green grass? To find out, researchers asked volunteers to play 18 holes on a simulated course sprayed with common pesticides.

      

      
        We've had bird evolution all wrong
        Genomic anamolies dating back to the time of the dinosaurs misled scientists about the evolutionary history of birds.

      

      
        Computational tools fuel reconstruction of new and improved bird family tree
        Using cutting-edge computational methods and supercomputing infrastructure, researchers have built the largest and most detailed bird family tree to date -- an intricate chart delineating 93 million years of evolutionary relationships between 363 bird species, representing 92% of all bird families. The updated tree reveals sharp increases in effective population size, substitution rates and relative brain size in early birds in the aftermath of the mass extinction event that wiped out the dinosau...

      

      
        Engineers 'symphonize' cleaner ammonia production
        Among the many chemicals we use every day, ammonia is one of the worst for the atmosphere. The nitrogen-based chemical used in fertilizer, dyes, explosives and many other products ranks second only to cement in terms of carbon emissions, due to the high temperatures and energy needed to manufacture it. But by improving on a well-known electrochemical reaction and orchestrating a 'symphony' of lithium, nitrogen and hydrogen atoms, engineers have developed a new ammonia production process that meet...

      

      
        Melting glaciers in a warmer climate provide new ground for invasive species
        In 2022 and 2023, biologists from research institutes in the UK and the Falkland Islands led two expeditions to South Georgia to study the impacts of invasive species on this cold and rugged sub-Antarctic island. They report that several invasive plants and invertebrates rapidly colonized the new ground exposed by melting glaciers, leaving few pristine areas for native species. With ongoing climate change, more research is needed across the world to understand how invasive species impact the frag...

      

      
        Simple equations clarify cloud climate conundrum
        New analysis based on simple equations has reduced uncertainty about how clouds will affect future climate change.

      

      
        Canada lynx historic range in US likely wider than previously thought
        A broader past could mean a brighter future for Canada lynx in the U.S., according to recent research. The study indicates that lynx might do well in the future in parts of Utah, central Idaho and the Yellowstone National Park region, even considering climate change and the lack of lynx in those areas now. Using a model validated by historic records, researchers first found that in 1900, Canada lynx had more suitable habitat in the U.S. than the few northern corners of the country where they are ...

      

      
        Machine learning provides a new picture of the great gray owl
        Researchers upend the notion that the iconic great gray owl -- known as the phantom of the North -- lives far from cities, towns and other markers of human density.
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Ocean floor a 'reservoir' of plastic pollution | ScienceDaily
New research from CSIRO, Australia's national science agency, and the University of Toronto in Canada, estimates up to 11 million tonnes of plastic pollution is sitting on the ocean floor.


						
Every minute, a garbage truck's worth of plastic enters the ocean. With plastic use expected to double by 2040, understanding how and where it travels is crucial to protecting marine ecosystems and wildlife.

Dr Denise Hardesty, Senior Research Scientist with CSIRO, said this is the first estimate of how much plastic waste ends up on the ocean floor, where it accumulates before being broken down into smaller pieces and mixed into ocean sediment.

"We know that millions of tonnes of plastic waste enter our oceans every year but what we didn't know is how much of this pollution ends up on our ocean floor," Dr Hardesty said.

"We discovered that the ocean floor has become a resting place, or reservoir, for most plastic pollution, with between 3 to 11 million tonnes of plastic estimated to be sinking to the ocean floor.

"While there has been a previous estimate of microplastics on the seafloor, this research looks at larger items, from nets and cups to plastic bags and everything in between."

Ms Alice Zhu, a PhD Candidate from the University of Toronto who led the study, said the estimate of plastic pollution on the ocean floor could be up to 100 times more than the amount of plastic floating on the ocean's surface based on recent estimates.




"The ocean surface is a temporary resting place of plastic so it is expected that if we can stop plastic entering our oceans, the amount would be reduced," Ms Zhu said.

"However, our research found that plastic will continue to end up in the deep ocean, which becomes a permanent resting place or sink for marine plastic pollution,"

Scientific data was used to build two predictive models to estimate the amount and distribution of plastic on the ocean floor -- one based on data from remote operated vehicles (ROVs) and the other from bottom trawls.

Using ROV data, 3 to 11 million metric tonnes of plastic pollution is estimated to reside on the ocean floor.

The ROV results also reveal that plastic mass clusters around continents -- approximately half (46 per cent) of the predicted plastic mass on the global ocean floor resides above 200 m depth. The ocean depths, from 200 m to as deep as 11,000 m contains the remainder of predicted plastic mass (54 per cent).

Although inland and coastal seas cover much less surface area than oceans (11 per cent vs 56 per cent out of the entire Earth's area), these areas are predicted to hold as much plastic mass as does the rest of the ocean floor.




"These findings help to fill a longstanding knowledge gap on the behaviour of plastic in the marine environment," Ms Zhu said.

"Understanding the driving forces behind the transport and accumulation of plastic in the deep ocean will help to inform source reduction and environmental remediation efforts, thereby reducing the risks that plastic pollution may pose to marine life."

The article, Plastics in the deep sea -- A global estimate of the ocean floor reservoir, was published in Deep Sea Research Part I: Oceanographic Research Papers. 

This research is part of CSIRO's Ending Plastic Waste Mission, which aims to change the way we make, use, recycle and dispose of plastic.
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'Diverse' agriculture benefits people and the environment at the same time | ScienceDaily
Rotating crops, conserving soil nutrients and deploying other strategies to "diversify" agriculture all at the same time can yield major benefits for the environment and people alike -- including increased crop yields and improved food security for entire communities.


						
That's the take-home message of a landmark new study, including researchers from more than 15 nations and data from 2,655 farms on five continents. The team published its findings April 4 in the journal Science.

"This is evidence that this can actually work -- we can imagine agricultural systems that are more diverse and serve people and nature at the same time," said Zia Mehrabi, a co-author of the new study and assistant professor of environmental studies at the University of Colorado Boulder.

The study comes as farms across much of the world are increasingly growing just one type of crop or raising a single kind of animal -- a transition to "monoculture" agriculture that may bring with it a wide range of risks, including the loss of soil nutrients and spreading pest outbreaks. In the United States, the number of farms in the country in 2022 dwindled to its lowest level since before the start of the Civil War, according to the U.S. Department of Agriculture. Those remaining farms have only gotten bigger and simpler.

The research carries a stark message, said Laura Vang Rasmussen of the University of Copenhagen in Denmark who, along with Ingo Grass of the University of Hohenheim in Germany, served as lead author of the paper.

"Drop monoculture and industrial thinking and diversify the way you farm -- it pays off," Rasmussen said.

A new take on a hot topic

The research takes a new approach to examining a hot topic in many environmental circles: agricultural diversification.




The term captures a wide range of strategies for growing more than just a single crop on a single farm, year after year. In some cases, farmers might rotate between seeding a field with corn one year, then beans the next and okra the year after. In others, they might plant cover crops to keep their soils from washing away in the off season or even encourage healthy populations of earthworms underground.

Previous studies have tended to assess these strategies individually and have delivered mixed results, said Mehrabi, who leads the Better Planet Laboratory.

In the new research, he and his colleagues tried a different approach: They used a combination of participatory methods and statistical tools to dive into data from 24 study systems. Their results captured information on everything from massive strawberry operations in the United States to small maize fields in Malawi and palm orchards in Indonesia. The study emerged from a larger research effort led by Mehrabi and Claire Kremen of the University of British Columbia in Canada.

"It was a massive undertaking," Mehrabi said.

The group discovered that farmers and ranchers can achieve many more benefits if they employ several agricultural solutions in tandem, rather than just one at a time. For Mehrabi, the study reveals a new vision for food around the globe -- one in which farms and pastures work less like factories for churning out calories and more like healthy natural ecosystems.

"If you look at how ecosystems operate, it's not just plants growing alone. It's not just animals or soil," he said. "It's all of these things working together."

Making farms complex again




To explore that idea, the group brought together researchers from around the world to share their experiences working with real farmers.

The researchers discovered that elusive "win-wins" in agriculture may be possible. Take livestock diversification, in which farmers might raise cows or chickens on the same farm as crops. According to the team's analysis, that approach can increase the amount of food that a farm produces, while reducing damage to soil and environmental pollution. But the research also found that the benefits of livestock diversification increase, and the downsides shrink, when farmers pair it with other diversification strategies.

In many cases, Mehrabi said, more diverse farms can deliver extra benefits because they can better weather natural disasters like droughts or heat waves. In other cases, the positives are more subtle. If small-scale farmers grow fruit trees amid their crops, for example, they can eat those bananas or papayas themselves while selling the rest of the harvest.

"The crazy thing is that the positive effect of adding multiple diversification practices is true across wildly different contexts," he said. "It works on industrial farms in the United States and in small-scale maize farms in Malawi."

Erasing barriers to change

He and his colleagues acknowledge that finances can be a barrier to making the switch to diverse agriculture. Farmers might need to purchase one set of machines to harvest corn and a different set to harvest fruit.

But governments already spend huge sums to buffer the agricultural industry. Some nations, for example, subsidize farmers so that they can grow water-intensive crops in areas that don't get a lot of rain. That money might be better spent, Mehrabi said, in helping farmers diversify.

In the end, he hopes that the study will help people realize that a different future for the world's food may be possible:

"Hopefully, this will inspire people to be creative and even push the boundaries of what the human species can achieve."
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Climate change impacts terrorist activity | ScienceDaily
Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.


						
An exploratory study led by extremism expert Dr Jared Dmello, from the University of Adelaide's School of Social Sciences, found some climatological variables affected terrorist activity in India.

"Suitability analyses indicate that all the climatological variables tested -- temperature, precipitation, and elevation -- relate to shifting patterns of terrorist activity," says Dr Dmello.

"Urban centres have increasingly grown in population density, particularly in spaces with favourable climates, and some of the more remote areas once used by extremists have experienced such increasingly dynamic climates that they are no longer fit for human habitation, forcing these groups to migrate elsewhere."

It was not only the intensity of these climatological variables that led to terrorists moving to new locales, this shifting of terrorist activity was also seasonal.

"This research shows that stopping the damaging effects of climate change is not just an environmental issue but one that is directly tied to national security and defence," says Dr Dmello, who was recently announced as the inaugural recipient of the Early Career Award from the Academy of Criminal Justice Sciences' Security and Crime Prevention Section.

"In this study, we focus on attack location, but the data also suggests other forms of extremist behaviour, such as training location, are likely shifting in response to climate change as well."

The study, published in the Journal of Applied Security Research, concentrated on terrorist activity in India between 1998-2017, a period during which there were 9096 terrorist incidents recorded by the Global Terrorism Database.




"Average temperatures in India reached record highs during our 20-year study period," said Dr Dmello.

"This time frame represents a broad enough range to demonstrate climate change, while also availing of the most recent reliable data that covers both the climate change and extremism dimensions for the country."

This new and evolving understanding of how climate change affects patterns of terrorism is important knowledge for governments across the world, including Australia's, to inform national security and defence strategies.

"While terrorism and violent extremism manifests differently in Australia, with far lower levels of attacks than India, radicalisation is still a salient challenge here and one that the Australian Government has established as a national priority," says Dr Dmello.

"To effectively mitigate radicalisation, other critical issues, such as homelessness, food insecurity, water and energy crises, and enhanced social equity, are essential for ensuring a more secure space for us all."

Dr Dmello, who joined the University of Adelaide at the beginning of 2024, also recently co-edited a book examining security in the Arctic from a multi-disciplinary lens and will continue his research into terrorism and extremism in the Australian context.

"Some of my recent projects have been trying to understand how emerging issues impact radicalisation here in Australia in an effort to find ways to partner with government and law enforcement to prevent engagement with extremist ideologies," he says.

"I am also interested in expanding on my research in this area to investigate the role of water and food inequities on radicalisation around the world."
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For mining in arid regions to be responsible, we must change how we think about water | ScienceDaily
A research team led by the University of Massachusetts Amherst, in collaboration with the University of Alaska-Anchorage and Columbia University, has conducted the widest-ever hydrological tracer analysis of the Dry Andes region in Chile, Argentina and Bolivia, home to the majority of the world's lithium deposits and other elements, such as copper, critical to the green energy transition away from oil and toward electricity. But the Dry Andes, as well as other hyper-arid regions, is also extremely sensitive to any activity, such a mining, that may disrupt the presence, composition and flow of both surface and subsurface water. Until now, however, there has been no reliable, comprehensive understanding of exactly how the hydrological systems in extremely arid landscapes work, which means that environmental regulators don't have the information they need to best manage the mining industry and the transition to more environmentally sustainable future. The research appears in PLOS Water.


						
"We've been thinking about water all wrong," says Brendan Moran, the paper's lead author and a postdoctoral research associate in geosciences at UMass Amherst. "We typically assume that water is water, and manage all water the same way, but our research shows that there are actually two very distinct pieces of the water budget in the Dry Andes, and they respond very differently to environmental change and human usage."

Water is especially important for lithium, the crucial component of the powerful batteries in such things as electric and hybrid cars and photovoltaic systems. Lithium doesn't like to be in solid form and tends to occur in layers of volcanic ash -- but it reacts quickly with water. When rain or snowmelt moves through the ash layers, lithium leaches into the groundwater, moving downhill until it settles in a flat basin where it remains in solution as a briny mix of water and lithium. Because this brine is very dense, it often settles beneath pockets of fresh surface water, which float on top of the lithium-rich fluid below. These fresh and brackish lagoons and wetlands often become havens for unique and fragile ecosystems and iconic species such as flamingos, and they are also composed of different kinds of water -- so how does one tell types of water apart?

Moran and his co-authors, including David Boutt, professor of geosciences at UMass Amherst, a Lee Ann Munk, professor of geological sciences at the University of Alaska, had previously developed a method to determine how old any given sample of water is and trace its interaction with the landscape by using 3H, or tritium, and the ratio between the oxygen isotope 18O and the hydrogen isotope 2H. Tritium occurs naturally in rainwater and decays at a predictable rate. "This lets us get the relative age of the water," says Moran. "Is it 'old,' as in, did it fall a century or more ago, or is it 'contemporary' water that fell a few weeks-to-years ago?"

The ratio between 18O and 2H additionally allowed the team to trace how much evaporation the water had been subject to. "The 18O/2H ratio is like a specific fingerprint, because different water sources -- streams or lakes -- will have different ratios. This lets us know where the water came from and how long it has been near the surface and out of the ground."

For this new research, Moran and Boutt worked with stakeholders in the Dry Andes to sample nearly every water source in the entire region -- an unprecedented feat, given how inhospitable and sparsely inhabited the Dry Andes are -- and to measure their various isotopes.

Doing so allowed them to discover that old and young waters don't really mix and behave very differently.




"The deep, old groundwater sustains the hydrological system throughout the Dry Andes," says Boutt. "Only 20% -- 40% of the water is contemporary surface water -- but that's the water that is most sensitive to climate change, storm cycles and anthropogenic uses like mining. Scientists used to think that surface water was the most stable water because it was constantly being recharged by runoff, but in extremely arid places, like the Dry Andes, that isn't true. And the problem is, this new understanding of how water works hasn't been incorporated into any management system anywhere."

The implications of this are immediate, and Moran says that among the most important is to protect the various conduits -- streams, rivers, seeps etc. -- by which fresh, young rainwater flows into the lagoons and wetlands that are so environmentally critical. It also means that managers need to develop different methods for managing young and old waters -- there is no one-size-fits-all approach that will work.

Perhaps most importantly, Boutt points out, "What we see in the Dry Andes is representative of hydrology in all extremely arid regions -- including the U.S. West. It's not limited to lithium mining, either."

"Water across the globe's arid regions works the same way," adds Moran, "and so water managers the world over need to be aware of the age and source of their waters and implement the right policies to protect their differing hydrological cycles."
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New sunflower family tree reveals multiple origins of flower symmetry | ScienceDaily
The sunflower family tree revealed that flower symmetry evolved multiple times independently, a process called convergent evolution, among the members of this large plant family, according to a new analysis. The research team, led by a Penn State biologist, resolved more of the finer branches of the family tree, providing insight into how the sunflower family -- which includes asters, daisies and food crops like lettuce and artichoke -- evolved.


						
A paper describing the analysis and findings, which researchers said may help identify useful traits to selectively breed plants with more desirable characteristics, appeared online in the journal Plant Communication.

"Convergent evolution describes the independent evolution of what appears to be the same trait in different species, like wings in birds and bats," said Hong Ma, Huck Chair in Plant Reproductive Development and Evolution, professor of biology in the Eberly College of Science at Penn State and the leader of the research team. "This can make it difficult to determine how closely related two species are by comparing their traits, so having a detailed family tree based on DNA sequence is crucial to understanding how and when these traits evolved."

The sunflower head, for example, is actually a composite composed of multiple much smaller flowers. While the head is generally radially symmetric -- it can be divided into two equal halves in multiple directions like a starfish or a pie -- the individual flowers can have different forms of symmetry. According to the new study, bilateral symmetry -- where there is only one line that divides the flower into two equal halves -- has evolved and been lost multiple times independently in sunflowers over evolutionary history. The researchers found that this convergent evolution is likely related to changes in the number of copies and the expression patterns of the floral regulatory gene, CYC2.

In recent years, many family trees for a group of related species have been built by extensively using transcriptomes, which are the genetic sequences of essentially all of the genes expressed by a species, the researchers explained. Transcriptomes are easier to acquire than high-quality whole-genome sequences for a species but are still difficult and costly to prepare and require fresh plant samples. To increase the number of species available for comparison the team turned to low-coverage genome sequences, which are produced through a process called genome skimming and are relatively inexpensive and easy to prepare, even from dried plant samples.

"To get an accurate whole-genome sequence for a species, each letter of its DNA alphabet must be read -- or covered -- multiple times to minimize errors," Ma said. "For the purposes of building a family tree, we show in this paper that we can get away with lower coverage genome sequences. This allowed us to increase the number of species in our analysis, which, in turn, allowed us to resolve more of the finer branches on the sunflower family tree."

The team used a combination of publicly available and newly generated transcriptomes, along with a large number of newly obtained skimmed genomes, for a total of 706 species with representatives from 16 subfamilies, 41 tribes and 144 subtribe-level groups in the sunflower family. The subfamilies are major subdivisions of the family, while the tribes and subtribe can contain one or more of genera, which is the classification level just above the species.




"Previous versions of the sunflower family tree had established the relationships among most of the subfamilies and many tribes, which are equivalent to the main branches of a tree," Ma said. "With our increased sample size, we were able to resolve more of the smaller branches and twigs at the subtribe and genus level. This higher-resolution tree allowed us to reconstruct where and when traits like flower symmetry evolved, demonstrating that bilateral symmetry must have evolved many times independently."

The team also studied the molecular evolution of genes involved in flower development among sunflowers. They found that one of these genes, CYC2, which is found in multiple copies in the genomes of each species, was activated in species with bilaterally symmetric flowers, suggesting that it might be part of the molecular basis for the convergent evolution of this trait. To further test this, the team performed experiments to quantify CYC2 gene expression in the flowers of species with different types of symmetry.

"Our analysis showed a clear relationship between CYC2 expression and flower symmetry, suggesting that changes in how these genes are used in various sunflower species is likely involved in the convergent evolution observed in the family," Ma said. "The sunflower family is one of the two largest families of flowering plants containing over 28,000 species, including many economically important agricultural and horticultural species. Understanding how these species are related to one another allows us to determine how and when their traits evolved. This knowledge could also be used to identify useful traits that could be bred into domesticated species from closely related wild ones."

In addition to Ma, the research team includes Guojin Zhang at Penn State; Junbo Yang, Jie Cai, Zhi-Rong Zhang and Lian-Ming Gao at the Kunming Institute of Botany in Kunming, China; Caifei Zhang at the Wuhan Botanical Garden and Sino-Africa Joint Research Centre in Wuhan, China; Bohan Jiao and Tiangang Gao at the State Key Laboratory of Plant Diversity and Specialty Crops in Beijing, China; and Jose L. Panero at the University of Texas, Austin.

Funding from the Eberly College of Science and the Huck Institutes of the Life Sciences at Penn State, the Strategic Priority Research Program of the Chinese Academy of Sciences, the Large-scale Scientific Facilities of the Chinese Academy of Sciences, and the National Natural Science Foundation of China supported this research.
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Developing a vaccine for the 'zombie drug' xylazine | ScienceDaily
Xylazine is an FDA-approved sedative and pain reliever for use in animals, but it has severe adverse effects when used in humans. It is now illicitly being added to opioids, like fentanyl and heroin, as well as cocaine -- leading to a sharp rise in overdose deaths.


						
Now, Scripps Research chemical biologists have developed a vaccine to block the effects of xylazine's toxicity. The vaccine works by training the immune system to attack the drug, which is described in a new paper published in Chemical Communications on April 1, 2024.

"We demonstrated that a vaccine can reverse the symptoms of a xylazine overdose in rodents," says study senior author Kim D. Janda, PhD, the Ely R. Callaway, Jr. Professor of Chemistry at Scripps Research. "There is currently no remedy for xylazine poisoning other than supportive care, thus, we believe our research efforts and the data we have provided will pave the way for an effective treatment in humans."

The rapid increase in lethal drug overdoses attributed to xylazine combined with fentanyl prompted the White House Office of National Drug Control Policy to declare this combination an emerging threat to the United States. Xylazine intoxication presents similarly to opioid overdose, causing respiratory and central nervous system depression, and it can heighten the effects of opioids. However, naloxone -- typically administered to reverse the effects of opioids -- does not tackle the impact of xylazine, highlighting the need for effective measures to treat acute toxicity caused by xylazine.

Researchers suspect xylazine works by reducing blood flow to the brain, among other areas of the body. The drug also causes non-healing skin lesions and wounds, often located on the forearms and lower legs, that can require amputation in some cases -- giving it the nickname "zombie drug."

Although no treatment currently exists, targeted vaccines may offer a solution. Vaccines nudge the immune system to create antibodies to fend off invaders. Antibodies can target viruses, bacteria and toxins. However, sometimes molecules are too small to initiate an immune response, as is the case with xylazine. So, to circumvent this problem, the researchers created a vaccine using a design principle that Janda pioneered, which relies on pairing the drug molecule (called a hapten) with a larger carrier molecule (a protein) and an adjuvant.

In this study, the scientists combined a xylazine hapten with multiple different protein types, to see which combination would create a robust immune response against xylazine. The team tested three vaccine formulations (termed TT, KLH and CRM197, based on the protein involved) to see which vaccine cocktail could help rodents after being challenged with xylazine. One of the three vaccines (TT) significantly increased movement in mice given xylazine after 10 minutes, while two of the three vaccines (TT and KLH) led to an improvement in breathing.




The scientists also examined how these vaccines would limit xylazine blood brain barrier, (BBB) permeation, a filtering mechanism that scrutinizes drug penetration. When xylazine was injected, it immediately crossed into the brain to bind with receptors. Antibodies typically cannot navigate the BBB; however, two of the three vaccines (TT and KLH) showed a strong ability to stop xylazine from reaching its receptors in the brain, limiting its detrimental effects.

A provisional patent has been filed on the research. In the future, his team will build off this work to create a bifunctional antibody that will reverse both fentanyl and xylazine's toxicity simultaneously, something that naloxone cannot do.

"A monoclonal antibody treatment could be given in tandem with the vaccine to provide both immediate and long-term protection from both opioid substance use disorders as well as opioid-xylazine overdoses," says Janda. "This strategy could make a significant impact on the opioid epidemic."

"Evaluation of a Hapten Conjugate Vaccine Against the 'Zombie Drug' Xylazine" was co-authored by Mingliang Lin, Lisa M. Eubanks, Bin Zhou, and Kim D. Janda, all of Scripps Research. 

Funding for the study was provided by the Shadek family and Pearson Foundation. 
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Evolution in action? New study finds possibility of nitrogen-fixing organelles | ScienceDaily

While there are bacteria that are able to reduce dinitrogen to ammonium, researchers at the University of Rhode Island, Institut de Ciencies del Mar in Barcelona, University of California at Santa Cruz and the Massachusetts Institute of Technology have discovered nitrogen-fixing symbiotic organisms exhibiting behaviors similar to organelles. In fact, researchers posit these symbiotic organisms -- UCYN-A, a species of cyanobacteria -- may be evolving organelle-like characteristics. Their study was recently published in the journal Cell.

UCYN-A live in a symbiotic relationship with a closely related group of marine algae, B. bigelowii, in areas of the open ocean that are often low in nutrients. Most nitrogen-fixing bacteria have mechanisms to regulate dinitrogen use when fixed sources of nitrogen are available, alleviating the high energetic cost of this process. However, UCYN-A have lost the genes allowing this and are able to fix nitrogen gas into ammonium even in nutrient-rich environments. The host, in-turn, provides it with carbon fixed photosynthetically by its chloroplasts.

The study details how researchers found a size relationship between UCYN-A and their symbiotic partner cells -- consistent with the size relationships between other organelles and their hosts. As organelles get larger, so do their host cells - eventually dividing and replicating. Mathematical modeling revealed the metabolic trade-offs which regulate the relative cell size through nutrient acquisition and exchange.

"It requires lots of energy as well as electrons to fix nitrogen gas, to make it into something useful," said Keisuke Inomura, assistant professor of oceanography at URI's Graduate School of Oceanography and one of the study's lead authors. "If UCYN-A are moving along the evolutionary path toward developing into nitrogen-fixing organelles and we find cells aside from B. bigelowii also have such organelles, or are evolving similarly, it could be a game-changer."

While organelles such as mitochondria and chloroplasts are much further along on the evolutionary spectrum, researchers contend that what they are seeing may be a snapshot of the evolutionary process of bacterial-derived organelles that are nitrogen-fixing.

"Our study focuses on a much more recent symbiotic relationship that emerged about 100 million years ago, allowing us to explore the evolution of organelle formation in its early stages," explained Francisco Cornejo, co-lead author and postdoc researcher in the department of marine biology and oceanography at the Institut de Ciencies del Mar.

Researchers note, however, that more study is needed to demonstrate whether this is the case.

"The surprisingly tight size relationship between UCYN-A and its host can be explained by the resource economy of the partners. It suggests that UCYN-A may be on the path to becoming an organelle: whether it may already be so is the subject of ongoing research," said Michael J. Follows, professor of earth, atmospheric and planetary sciences at MIT and a member of the research team.
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Early dinosaurs grew up fast, but they weren't the only ones | ScienceDaily
The earliest dinosaurs had rapid growth rates, but so did many of the other animals living alongside them, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Kristina Curry Rogers of Macalester College, Minnesota and colleagues.


						
Dinosaurs grew up fast, a feature that likely set them apart from many other animals in their Mesozoic (252 to 66 million years ago) ecosystems. Some researchers have proposed that these elevated growth rates were key to the global success of dinosaurs, but little is known about the growth strategies of the earliest dinosaurs. In this study, Rogers and colleagues performed histological analysis, examining patterns of bone tissue growth in the fossilized leg bones of an array of animals in one of the earliest known Mesozoic ecosystems.

The studied fossils come from the Ischigualasto Formation of Argentina and date between 231-229 million years old. Sampled fossils include several of the earliest known dinosaurs as well as several non-dinosaur reptiles and one early relative of mammals.

The analysis found that most of the examined species had elevated growth rates, more similar to some modern-day mammals and birds than to living reptiles. The early dinosaurs all exhibited particularly fast growth, but they weren't alone in this, as similar growth rates were seen in several of the non-dinosaur reptiles as well.

These results show that the earliest dinosaurs were already fast growers, supporting the idea that this feature was important to their later success. But apparently dinosaurs were only one of multiple lineages evolving with elevated growth rates during the Triassic (252-201 million years ago), suggesting that this feature is only part of the story of dinosaurs' eventual global prosperity. The authors note that future studies could expand on these preliminary results by sampling a wider variety of ancient animals from additional early Mesozoic fossil sites.

The authors add: "Our sample comes from a time in which dinosaurs were the new kids on the block, restricted to relatively small, basic body plans, and evolving within a world rich with a diverse array of more specialized, non-dinosaur reptiles. We tackled the question of how all of these animals grew, and found that the earliest dinosaurs grew quickly, and that these rapid growth rates probably played a significant role in dinosaurs' subsequent ascent within Mesozoic ecosystems; but dinosaurs weren't unique -- many of their non-dino sidekicks shared rapid growth 230 million years ago."
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Demand for critical minerals puts African Great Apes at risk | ScienceDaily
A recent study led by researchers from the German Centre for Integrative Biodiversity Research (iDiv), the Martin Luther University Halle-Wittenberg (MLU) and the non-profit conservation organization Re:wild shows that the threat of mining to the great ape population in Africa has been greatly underestimated. Their results have been published in Science Advances.


						
The rising demand for critical minerals, such as copper, lithium, nickel, cobalt, and other rare earth elements required for the large-scale transition to cleaner energy is causing a surge of mining in Africa, where a large share of those mineral resources is still unexploited. This is driving deforestation of tropical rainforests, which are home to many species, including humans' closest living relatives, the great apes. The study estimates that the threat of mining to great apes in Africa has been greatly underestimated and that more than one-third of the entire population -- nearly 180,000 gorillas, bonobos and chimpanzees -- are at risk. The researchers also highlight that because mining companies are not required to make biodiversity data publicly available, the true impact of mining on biodiversity and great apes, in particular, may be even higher.

In their study, the team used data on operational and preoperational mining sites in 17 African nations and defined 10 km buffer zones to account for direct impacts, such as habitat destruction and light and noise pollution. They also defined 50 km buffer zones for indirect impacts linked to increased human activity near mining sites: New roads and infrastructure are built to access these once-remote areas, and many people migrate to these areas looking for employment. This in turn, increases pressures on great apes and their habitat through increased hunting, habitat loss, and higher risk of disease transmission. By integrating data on the density distribution of great apes, the researchers investigated how many African apes could potentially be negatively impacted by mining and mapped areas where frequent mining and high ape densities overlapped.

Great apes in West Africa are most severely affected

In the West African countries of Liberia, Sierra Leone, Mali, and Guinea, overlaps of high ape density and mining areas -- including the 10 km and 50 km buffer zones -- were the largest. The most significant overlap of mining and chimpanzee density -- both in terms of proportion of population and overall numbers -- was found in Guinea. Here, more than 23,000 chimpanzees, or up to 83% of Guinea's ape population, could be directly or indirectly impacted by mining activities. In general, the most sensitive areas -- those with relatively high ape and mining densities -- are not protected.

"Currently, studies on other species suggest that mining harms apes through pollution, habitat loss, increased hunting pressure, and disease, but this is an incomplete picture," says first author Dr Jessica Junker, researcher at Re:wild and former postdoctoral researcher at iDiv and MLU. "The lack of data sharing by mining projects hampers our scientific understanding of its true impact on great apes and their habitat."

The researchers also explored how mining areas intersect with what is considered 'Critical Habitat' -- regions crucial for their unique biodiversity, unrelated to apes. They found a noteworthy 20% overlap between the two. Critical Habitat designation entails strict environmental regulations, especially for mining projects seeking funding from entities like the International Finance Corporation (IFC) -- a branch of the World Bank which lends funds to the private sector -- or other lenders adhering to similar standards, and aiming to operate within these zones. Previous efforts to map 'Critical Habitat' in Africa have overlooked significant portions of ape habitats that would qualify under international benchmarks such as the IFC Performance Standard 6. "Companies operating in these areas should have adequate mitigation and compensation schemes in place to minimize their impact, which seems unlikely, given that most companies lack robust species baseline data that are required to inform these actions," says Dr Tenekwetche Sop, manager of the IUCN SSC A.P.E.S. Database at the Senckenberg Museum of Natural History, a repository of all great ape population data. "Encouraging these companies to share their invaluable ape survey data with our database serves as a pivotal step towards transparency in their operations. Only through such collaborative efforts can we comprehensively gauge the true extent of mining activities' effects on great apes and their habitats."

Short-term offset plans fail to compensate for the long-term impacts of mining




Even though the indirect and long-term impacts of mining are difficult to quantify, they often extend well beyond the boundaries of the actual mining project. Currently, these risks are rarely considered and mitigated by mining companies. Compensation or offset is then based on an approximation of impacts, which the researchers suggest is often inaccurate, and underestimated. Furthermore, current offset schemes are developed to last as long as mining projects are active (usually c.20 years), whereas most mining impacts on great apes are permanent.

"Mining companies need to focus on avoiding their impacts on great apes as much as possible and use offsetting as a last resort as there is currently no example of a great ape offset that has been successful," explains Dr Genevieve Campbell, lead of the IUCN SSC PSG SGA/SSA ARRC Task Force and senior researcher at Re:wild. ''Avoidance needs to take place already during the exploration phase, but unfortunately, this phase is poorly regulated and 'baseline data' are collected by companies after many years of exploration and habitat destruction have taken place. These data then do not accurately reflect the original state of the great ape populations in the area before mining impacts.''

"A shift away from fossil fuels is good for the climate but must be done in a way that does not jeopardize biodiversity. In its current iteration it may even be going against the very environmental goals we're aiming for," says Jessica Junker. "Companies, lenders and nations need to recognize that it may sometimes be of greater value to leave some regions untouched to mitigate climate change and help prevent future epidemics."
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Giant phage holds promise as treatment for lung infections | ScienceDaily
Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.


						
The Burkholderia cepacia complex is a group of bacteria that can cause lung infections, which can be fatal for those with serious lung diseases, particularly Cystic Fibrosis. Infections caused by Burkholderia cenocepacia are difficult to treat, as they can evade antibiotics by pumping them back out of the bacterial cell or by hiding inside human cells.

Scientists from the Sagona lab at the University of Warwick, UK, were interested in finding a way to target these evasive bacteria. One method that researchers are looking into more widely is the use of bacteriophages (phages). Phages are naturally occurring viruses that can infect and kill bacteria. There are more phages in the world than bacteria, animals and humans combined, but they are not yet widely used as clinical treatments in the UK other than as a last resort.

Researchers began by considering where to look for phage that can target and kill B. cenocepacia in the hopes of providing alternative therapeutics for those suffering from infection. Wastewater, particularly from hospitals, is a great source of phages that can target specific bacteria. If Burkholderia are present in wastewater, due to the input of bacteria from humans, phages that can infect and kill these bacteria will also be present and can be isolated by scientists.

Dr Jessica Lewis, who conducted the study, began by taking samples of wastewater from a sewage treatment works outside of Coventry, UK, and isolated a phage specific to B. cenocepacia. Not only did the phage kill B. Cenocepacia when tested, analysis also revealed that the phage is what is known as a jumbo phage. A jumbo phage has a genome which is more than double the size of an average phage. It's rare -- only a few hundred jumbo phages have been discovered since the first was isolated in 1978.

Discovery of a jumbo phage is particularly exciting due to the potential of the unknown elements of its genome. More than 400 genes (around 85% of the total genes) in the new phage have unknown functions. Dr Lewis and her colleagues are now sequencing the DNA of their jumbo phage in an effort to identify potential genes with powerful new functions.

According to Dr Lewis, this is just the beginning: "phage therapy with regular phage is step A, but if we do not want a repeat of resistance and similar problems that we face with antibiotics, we will need to optimise them." Dr Lewis and her team hope that by sequencing the jumbo phage genome they can find DNA that can be engineered to contain further biological weaponry, increasing the phage's arsenal of tools to target and kill B. cenocepacia.

While there is a lot more research needed to work towards human and clinical applications of phages, researchers are also limited by UK policy. Dr Lewis said "Currently in the UK, we cannot make our own phage therapeutics. We would have to isolate the phages here and send these off to certified phage companies either in mainland Europe or America, so that they can generate purified phage cocktails (which are approved for phage therapy and can be applied to patients) and send those back to us." Despite these limitations, Dr Lewis and her team are continuing to pursue the use of phage to target B. cenocepacia and hope that their work will contribute to the wealth of phage research that will one day be used to treat patients.

Dr Jessica Lewis will present her data at this year's Microbiology Society Annual Conference which will take place from Monday 8 April-Thursday 11 April 2024 at Edinburgh International Convention Centre. Her talk "Characterisation of a novel flagellotropic phage targeting Burkholderia cenocepacia" will take place on Monday 8 April.
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Machine learning enables viability of vertical-axis wind turbines | ScienceDaily
If you imagine an industrial wind turbine, you likely picture the windmill design, technically known as a horizontal-axis wind turbine (HAWT). But the very first wind turbines, which were developed in the Middle East around the 8th century for grinding grain, were vertical-axis wind turbines (VAWT), meaning they spun perpendicular to the wind, rather than parallel.


						
Due to their slower rotation speed, VAWTs are less noisy than HAWTs and achieve greater wind energy density, meaning they need less space for the same output both on- and off-shore. The blades are also more wildlife-friendly: because they rotate laterally, rather than slicing down from above, they are easier for birds to avoid.

With these advantages, why are VAWTs largely absent from today's wind energy market? As Sebastien Le Fouest, a researcher in the School of Engineering Unsteady Flow Diagnostics Lab explains, it comes down to an engineering problem -- air flow control -- that he believes can be solved with a combination of sensor technology and machine learning. In a paper recently published in Nature Communications, Le Fouest and UNFOLD head Karen Mulleners describe two optimal pitch profiles for VAWT blades, which achieve a 200% increase in turbine efficiency and a 77% reduction in structure-threatening vibrations.

"Our study represents, to the best of our knowledge, the first experimental application of a genetic learning algorithm to determine the best pitch for a VAWT blade," Le Fouest says.

Turning an Achilles' heel into an advantage

Le Fouest explains that while Europe's installed wind energy capacity is growing by 19 gigawatts per year, this figure needs to be closer to 30 GW to meet the UN's 2050 objectives for carbon emissions.

"The barriers to achieving this are not financial, but social and legislative -- there is very low public acceptance of wind turbines because of their size and noisiness," he says.




Despite their advantages in this regard, VAWTs suffer from a serious drawback: they only function well with moderate, continuous air flow. The vertical axis of rotation means that the blades are constantly changing orientation with respect to the wind. A strong gust increases the angle between air flow and blade, forming a vortex in a phenomenon called dynamic stall. These vortices create transient structural loads that the blades cannot withstand.

To tackle this lack of resistance to gusts, the researchers mounted sensors onto an actuating blade shaft to measure the air forces acting on it. By pitching the blade back and forth at different angles, speeds, and amplitudes, they generated series of 'pitch profiles'. Then, they used a computer to run a genetic algorithm, which performed over 3500 experimental iterations. Like an evolutionary process, the algorithm selected for the most efficient and robust pitch profiles, and recombined their traits to generate new and improved 'offspring'.

This approach allowed the researchers not only to identify two pitch profile series that contribute to significantly enhanced turbine efficiency and robustness, but also to turn the biggest weakness of VAWTs into a strength.

"Dynamic stall -- the same phenomenon that destroys wind turbines -- at a smaller scale can actually propel the blade forward. Here, we really use dynamic stall to our advantage by redirecting the blade pitch forward to produce power," Le Fouest explains. "Most wind turbines angle the force generated by the blades upwards, which does not help the rotation. Changing that angle not only forms a smaller vortex -- it simultaneously pushes it away at precisely the right time, which results in a second region of power production downwind."

The Nature Communications paper represents Le Fouest's PhD work in the UNFOLD lab. Now, he has received a Swiss National Science Foundation (SNSF) BRIDGE grant to build a proof-of-concept VAWT. The goal is to install it outdoors, so that it can be tested as it responds in real time to real-world conditions.

"We hope this air flow control method can bring efficient and reliable VAWT technology to maturity so that it can finally be made commercially available," Le Fouest says.
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Plant-based plastic releases nine times less microplastics than conventional plastic | ScienceDaily
A newly developed plant-based plastic material releases nine times less microplastics than conventional plastic when exposed to sunlight and seawater, a new study has found.


						
The research, led by experts from the University of Portsmouth and the Flanders Marine Institute (VLIZ), in Belgium, looked at how two different types of plastic break down when tested in extreme conditions.

A bio-based plastic material made from natural feedstocks held up better when exposed to intense UV light and seawater for 76 days -- the equivalent of 24 months of sun exposure in central Europe -- than a conventional plastic made from petroleum derivatives.

Professor of Mechanical Engineering, Hom Dhakal, from the University's School of Mechanical and Design Engineering, and member of Revolution Plastics said: "Bio-based plastics are gaining interest as alternatives to conventional plastics, but little is known about their potential source of microplastics pollution in the marine environment.

"It's important to understand how these materials behave when they're exposed to extreme environments, so we can predict how they'll work when they're used in marine applications, like building a boat hull, and what impact they might have on ocean life.

"By knowing the effect of different types of plastics on the environment, we can make better choices to protect our oceans."

According to the Plastic Oceans International Organization, the equivalent of a truckload of plastic is poured into the oceans every minute of the day. When this plastic waste is exposed to the environment, it breaks down into smaller particles which are less than 5mm in size.




These particles are known as 'microplastics' and have been observed in most marine ecosystems, posing a serious threat to aquatic life.

"We wanted to look at a conventional industrial polymer, polypropylene, which is non-biodegradable and difficult to recycle, against polylactic acid (PLA), a biodegradable polymer," Professor Dhakal explained.

"Although our findings show that the PLA released less microplastics, which means using plant-based plastics instead of oil-based ones might seem like a good idea to reduce plastic pollution in the ocean, we need to be careful as microplastics are still clearly being released and that remains a concern."

The research also found that the size and shape of the tiny plastic pieces released depended on the type of plastic. The conventional plastic released smaller pieces and had fewer fibre-like shapes compared to the plant-based plastic.

Professor Dhakal added: "Overall our research provides valuable insights into the behaviour of different plastic types under environmental stressors, which is important for our future work to tackle plastic pollution.

"There is a clear need for continued research and proactive measures to mitigate the impact of microplastics on marine ecosystems."

Professor Dhakal is a member of the Revolution Plastics initiative that has been instrumental in informing national and global policies on plastics, pioneering advanced enzyme recycling techniques and contributing to critical discussions on the UN treaty to end plastic pollution.




Revolution Plastics operates as a network of interconnected researchers and innovators across the University, consolidating and expanding a world-leading plastic-focused research, innovation and teaching community.

The study was led by experts from the Flanders Marine Institute (VLIZ), in Belgium, under collaborative international work within the SeaBioComp project, which received funding from the Interreg 2 Seas Programme co-funded by the European Regional Development Fund.

The paper is published in Ecotoxicology and Environmental Safety. 
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California leads U.S. emissions of little-known greenhouse gas | ScienceDaily
California, a state known for its aggressive greenhouse gas reduction policies, is ironically the nation's greatest emitter of one: sulfuryl fluoride.


						
As much as 17% of global emissions of this gas, a common pesticide for treating termites and other wood-infesting insects, stem from the United States. The majority of those emissions trace back to just a few counties in California, finds a new study led by Johns Hopkins University.

"When we finally mapped it out, the results were puzzling because the emissions were all coming from one place," said co-author Scot Miller, an assistant professor of environmental health and engineering at Johns Hopkins who studies greenhouse gases and air pollutants. "Other greenhouse gases like carbon dioxide and methane are found everywhere across the U.S. On our sulfuryl fluoride map, only California lit up like a Christmas tree."

Miller and lead author Dylan Gaeta, a PhD candidate at Johns Hopkins, analyzed more than 15,000 air samples collected between 2015 and 2019 by NOAA Global Monitoring Laboratory scientists. The researchers factored in wind speed, direction, and other meteorological variables to trace the chemicals back to their point of origin.

The team found 60-85% of sulfuryl fluoride emissions in the U.S. come from California, primarily Los Angeles, Orange, and San Diego counties, despite California being a national leader in reducing greenhouse gas emissions, including publishing a comprehensive plan to achieve net-zero emissions by 2045.

"We can now show not only where but also how and why this gas is being emitted," Gaeta said. "In order to get to net-zero emissions, we need a complete inventory of what greenhouse gases are out there."

The findings published today in Communications Earth & Environment.

First approved by the U.S. Environmental Protection Agency for use as a pesticide in 1959, sulfuryl fluoride gained popularity after countries around the world agreed to phase out more reactive fumigants that were depleting the ozone layer, the researchers said.




Because California has kept thorough records of pesticide use, the team was able to attribute the vast majority, roughly 85% of the state's sulfuryl fluoride emissions, to structural fumigation -- the practice of sealing an infested structure with an airtight tent, pumping gas into the tent to eradicate the pests, and afterward venting the gas directly into the atmosphere. Roughly 15% came from agricultural and commodities fumigation.

Once emitted, the gas spreads and stays for more than 40 years in the atmosphere, where it contributes to global warming by trapping heat and sending it back down to the Earth's surface, the researchers said. Average concentrations of sulfuryl fluoride in the atmosphere are low; however, humans have been emitting the human-made gas for decades at a rate faster than it can breakdown naturally.

"Without some form of intervention, sulfuryl fluoride is going to keep accumulating in our atmosphere. For most greenhouse gases, California has been very intentional about how it's going to reduce emissions," Gaeta said. "This one has slipped under the radar."

Efforts to reduce greenhouse gas emissions generally focus on carbon because it poses the greatest threat to global warming. But, Miller said, researchers are working to get a more complete picture of the risks from other greenhouse gases.

Sulfuryl fluoride is one of the few treatments to rid buildings of drywood termites, a common regional pest that can form colonies in high, hard-to-reach parts of wooden structures. It's also used at shipping ports to kill pests before they can hitch a ride to other parts of the world.

"It really is a double-edged sword. Sulfuryl fluoride is less harmful than the banned fumigants, but it also contributes to global warming," Miller said. "California's track record shows that it's been looking at out-of-the-box, creative ways to reduce its greenhouse gas emissions. I think knowing better what the emissions are and what impact they have will give the state the information it needs to help holistically develop greenhouse gas reduction strategies."

The researchers shared findings with the California Air Resources Board and the Bay Area Air Quality Management District.

This work was made possible by NSF program grants 2121641 and 2121739; NOAA grants NA21OAR4310233, NA21OAR4310234, NA14OAR0110139, NA14OAR0110140, and NA17OAR4320101; and NASA grant NNX15AJ06G.
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Discovery could end global amphibian pandemic | ScienceDaily
A fungus devastating frogs and toads on nearly every continent may have an Achilles heel. Scientists have discovered a virus that infects the fungus, and that could be engineered to save the amphibians.


						
The fungus, Batrachochytrium dendrobatidis or Bd, ravages the skin of frogs and toads, and eventually causes heart failure. To date it has contributed to the decline of over 500 amphibian species, and 90 possible extinctions including yellow-legged mountain frogs in the Sierras and the Panamanian golden frog.

A new paper in the journal Current Biology documents the discovery of a virus that infects Bd, and which could be engineered to control the fungal disease.

The UC Riverside researchers who found the virus are excited about the implications of their discovery. In addition to helping them learn about how fungal pathogens rise and spread, it offers the hope of ending what they call a global amphibian pandemic.

"Frogs control bad insects, crop pests, and mosquitoes. If their populations all over the world collapse, it could be devastating," said UCR microbiology doctoral student and paper author Mark Yacoub.

"They're also the canary in the coal mine of climate change. As temperatures get warmer, UV light gets stronger, and water quality gets worse, frogs respond to that. If they get wiped out, we lose an important environmental signal," Yacoub said.

Bd was not prevalent before the late 1990s, but then, "all of a sudden frogs started dying," Yacoub said.




When they found the Bd-infecting virus, Yacoub and UCR microbiology professor Jason Stajich had been working on the population genetics of Bd, hoping to gain a better understanding about where it came from and how it is mutating.

"We wanted to see how different strains of fungus differ in places like Africa, Brazil, and the U.S., just like people study different strains of COVID-19," Stajich said. To do this, the researchers used DNA sequencing technology. As they examined the data, they noticed some sequences that did not match the DNA of the fungus.

"We realized these extra sequences, when put together, had the hallmarks of a viral genome," Stajich said.

Previously, researchers have looked for Bd viruses but did not find them. The fungus itself is hard to study because complex procedures are required to keep it alive in a laboratory.

"It is also a hard fungus to keep track of because they have a life stage where they're motile, they have a flagellus, which resembles a sperm tail, and they swim around," Stajich said.

Additionally, the virus that infects Bd was hard to find because most known viruses that infect fungi, called mycoviruses, are RNA viruses. However, this virus is a single-stranded DNA virus. By studying the DNA, the researchers could see the virus stuck in the genome of the fungus.




It appears that only some strains of the fungus have the virus in their genome. But the infected ones seem to behave differently than the ones that don't. "When these strains possess the virus they produce fewer spores, so it spreads more slowly. But they also might become more virulent, killing frogs faster," Stajich said.

Right now, the virus is essentially trapped inside the fungal genome. The researchers would eventually like to clone the virus and see if a manually infected strain of Bd also produces fewer spores.

"Because some strains of the fungus are infected and some are not, this underscores the importance of studying multiple strains of a fungal species," Yacoub said.

Moving forward, the researchers are looking for insights into the ways that the virus operates. "We don't know how the virus infects the fungus, how it gets into the cells," Yacoub said. "If we're going to engineer the virus to help amphibians, we need answers to questions like these."

In some places, it appears there are a few amphibian species acquiring resistance to Bd. "Like with COVID, there is a slow buildup of immunity. We are hoping to assist nature in taking its course," Yacoub said.
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Plastic-free vegan leather that dyes itself grown from bacteria | ScienceDaily
Researchers at Imperial College London have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.


						
In recent years, scientists and companies have started using microbes to grow sustainable textiles or to make dyes for industry -- but this is the first time bacteria have been engineered to produce a material and its own pigment simultaneously.

Synthetic chemical dyeing is one of the most environmentally toxic processes in fashion, and black dyes -- especially those used in colouring leather -- are particularly harmful. The researchers at Imperial set out to use biology to solve this.

In tackling the problem, the researchers say their self-dyeing vegan, plastic-free leather, which has been fashioned into shoe and wallet prototypes, represents a step forward in the quest for more sustainable fashion.

Their new process, which has been published in the journal Nature Biotechnology, could also theoretically be adapted to have bacteria grow materials with various vibrant colours and patterns, and to make more sustainable alternatives to other textiles such as cotton and cashmere.

Lead author Professor Tom Ellis, from Imperial College London's Department of Bioengineering, said: "Inventing a new, faster way to produce sustainable, self-dyed leather alternatives is a major achievement for synthetic biology and sustainable fashion.

"Bacterial cellulose is inherently vegan, and its growth requires a tiny fraction of the carbon emissions, water, land use and time of farming cows for leather.




"Unlike plastic-based leather alternatives, bacterial cellulose can also be made without petrochemicals, and will biodegrade safely and non-toxically in the environment."

Designer collaboration

The researchers created the self-dyeing leather alternative by modifying the genes of a bacteria species that produces sheets of microbial cellulose -- a strong, flexible and malleable material that is already commonly used in food, cosmetics and textiles. The genetic modifications 'instructed' the same microbes that were growing the material to also produce the dark black pigment, eumelanin.

They worked with designers to grow the upper part of a shoe (without the sole) by growing a sheet of bacterial cellulose in a bespoke, shoe-shaped vessel. After 14 days of growth wherein the cellulose took on the correct shape, they subjected the shoe to two days of gentle shaking at 30degC to activate the production of black pigment from the bacteria so that it dyed the material from the inside.

They also made a black wallet by growing two separate cellulose sheets, cutting them to size, and sewing them together.

As well as the prototypes, the researchers demonstrated that the bacteria can be engineered using genes from other microbes to produce colours in response to blue light. By projecting a pattern, or logo, onto the sheets using blue light, the bacteria respond by producing coloured proteins which then glow.




This allows them to project patterns and logos onto the bacterial cultures as the material grows, resulting in patterns and logos forming from within the material.

Co-author Dr Kenneth Walker, who conducted the work at Imperial College London's Department of Bioengineering and now works in industry, said: "Our technique works at large enough scales to create real-life products, as shown by our prototypes. From here, we can consider aesthetics as well as alternative shapes, patterns, textiles, and colours.

"The work also shows the impact that can happen when scientists and designers work together. As current and future users of new bacteria-grown textiles, designers have a key role in championing exciting new materials and giving expert feedback to improve form, function, and the switch to sustainable fashion."

Greener clothes

The research team are now experimenting with a variety of coloured pigments to use those that can also be produced by the material-growing microbes.

The researchers and collaborators have also just won PS2 million in funding from Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI), to use engineering biology and bacterial cellulose to solve more of fashion's problems, such as the use of toxic chromium in leather's production lines.

Professor Ellis said: "Microbes are already directly addressing many of the problems of animal and plastic-based leather, and we plan to get them ready to expand into new colours, materials and maybe patterns too.

"We look forward to working with the fashion industry to make the clothes we wear greener throughout the whole production line."

The authors worked closely with Modern Synthesis, a London-based biodesign and materials company, who specialise in innovative microbial cellulose products.

This work was funded by Engineering and Physical Sciences Research Council and BBSRC, both part of UKRI.
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New discovery unravels malaria invasion mechanism | ScienceDaily

With 249 million cases of malaria and 608,000 deaths in 2022, malaria has remained an intractable global health threat. The malaria parasite Plasmodium falciparum is the leading cause of severe malariaand is responsible for the largest portion of malaria deaths. All clinical symptoms of malaria are caused by the multiplication of malaria parasites in the red blood cells.

Key component found for malaria invasion

P. falciparum is known to invade human red blood cells, but the precise details of the targets that the parasite binds to has not been known to date. Although we know that the malaria protein, cystein-rich protective antigen (CyRPA), is essential for the invasion of red blood cells, its precise role in this process was not understood.

A multidisciplinary, collaborative research team from six institutions, led by investigators at Swiss TPH in Switzerland and Institute for Glycomics in Australia examined the binding properties of CyPRA. The researchers discovered that a sugar called sialic acid is a key component of the red blood cell surface that is recognized by the malaria parasite, and which is essential for the invasion process. The findings were published in the peer-reviewed journal Cell Reports.

"We are now demonstrating that P. falciparum CyRPA binds to a specific carbohydrate structure (glycan) present on the red blood cell surface. The CyRPA protein is highly adapted to bind to a glycan terminating with a sialic acid. The discovery of the key function of CyRPA in host cell invasion provides an explanation for the parasite inhibitory activity of CyRPA-specific antibodies" said Gerd Pluschke, Group Leader of Molecular Immunology at Swiss TPH, and co-corresponding author of the publication.

Malaria parasite adapted to humans

"Humans differ from other primates because they can only produce one type of sialic acid, called Neu5Ac. This genetic difference between humans and closely related primates has long been proposed to contribute to the species-specific targeting of malaria parasites. In this study, we show that the human form of sialic acid, Neu5Ac, is strongly preferred by the human-specific malaria parasite P. falciparum, and may explain the adaptation of this parasite to humans," said Michael Jennings, Acting Director of the Institute for Glycomics, and co-corresponding author of the paper.




Implications for vaccine and drug development

Vaccines targeting the P. falciparum pre-erythrocytic stages are registered for use. However, they only show moderate levels of efficacy. There is no registered vaccine against the blood stage of malaria, but there is intensive research on blood stage vaccines. "The discovery of the key function of CyRPA in host cell invasion strongly supports the concept to clinically test CyRPA as a blood stage vaccine target," said Pluschke.

Moreover, as the emergence of drug resistance in the parasites that cause malaria is a major health threat, the study's findings offer hope for new antimalarial drugs that are urgently needed. "The essential binding activity of CyRPA to a specific glycan also validates CyRPA as drug target, and we demonstrate that small molecule inhibitors that interfered with this function can inhibit malaria replication in our study," said Jennings.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240403130556.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Testing environmental water to monitor COVID-19 spread in unsheltered encampments | ScienceDaily
To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers reporting in ACS' Environmental Science & Technology Letters tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen viral mutations.


						
In recent years, testing untreated wastewater for SARS-CoV-2 incidence and dominant viral variants, as well as other pathogens, has been vital to helping public health officials determine infectious disease transmission in local communities. Yet, this monitoring only captures information on viruses shed from human feces and urine in buildings that are connected to local sewage infrastructure. Beyond the pandemic's impact on human health, it also exacerbated socioeconomic difficulties and increased the number of people experiencing homelessness and living in open-air encampments without access to indoor bathrooms. To understand the prevalence of COVID-19 among people who live unsheltered, Edwin Oh and colleagues tested for SARS-CoV-2 in waterways near encampments outside Las Vegas from December 2021 through July 2022.

Using quantitative polymerase chain reaction, the researchers identified SARS-CoV-2 RNA in more than 25% of the samples tested from two flood-control channels. The highest detection frequency over the study period aligned with Las Vegas' first wave of omicron variant infections, as confirmed through parallel testing at a local wastewater treatment plant. The researchers say these results suggest a similar level of transmission was occurring within the unsheltered community as it was among the general population. Then the researchers conducted whole genome sequencing to identify the SARS-CoV-2 variants in the waterways. These samples largely contained the same variants identified in the broader community. Deeper computational analysis of the viral sequences identified three novel viral spike protein mutations in some waterway samples, but the researchers have not yet examined what impact these mutations might have on viral function or clinical outcomes. Regardless, the ability to detect and identify SARS-CoV-2 in environmental water samples could help improve public health measures for a community that is often underrepresented in current surveillance methods. The researchers also say monitoring waterways could warn health officials of unexpected variants circulating in the community.

The authors acknowledge funding from the National Institutes of Health, the Nevada Governor's Office of Economic Development, the Centers for Disease Control and Prevention, and the Water Resources Research Institute of the United States Geological Survey.
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Water-based paints: Less stinky, but some still contain potentially hazardous chemicals | ScienceDaily
Choosing paint for your home brings a lot of options: What kind of paint, what type of finish and what color? Water-based paints have emerged as "greener" and less smelly than solvent-based options. And they are often advertised as containing little-to-no volatile organic compounds (VOCs). But, according to research published in ACS' Environmental Science & Technology Letters, some of these paints do contain compounds that are consideredVOCs, along with other chemicals of emerging concern.


						
Paint consists of four ingredients: pigments, binders, additives and a liquid. If the liquid is water -- as in latex and some acrylic paints -- it's classified as a water-based paint, rather than solvent-based. Historically, solvent-based paints were easy to apply and durable, though they released foul-smelling VOCs into the air both during and after application, stinking up a newly painted room. These airborne VOCs can cause respiratory irritation and headaches, among other potential health problems, especially in high concentrations or over long periods of time. Despite water-based paints sporting labels with "zero-" or "low-VOC," their formulations could contain potentially dangerous chemicals of their own. So, Ying Xu and colleagues wanted to understand more about these paints' formulations. The team notes that there are differing definitions of what constitutes a VOC, some of which are stricter than others, including the World Health Organization's definition used in this research.

The team collected 40 water-based paints from around the world, all ranked among the top 70 most-sold brands, and many labelled as zero- or low-VOC. Both dry and wet samples were analyzed by gas chromatography-mass spectrometry to determine their composition.
    	Twenty semi-volatile organic compounds were identified in concentrations ranging from 10 to 35,000 parts per million. While less likely to be in a gaseous form, these can still persist indoors for years, often incorporated into dust.
    	Endocrine-disrupting phthalates, which act as binders, were largely absent in the tested paints. However, several phthalate-replacement chemicals were detected -- their toxicities are still being assessed.
    	Nearly half the analyzed samples contained measurable amounts of isothiazolinones -- preservatives that have been linked to skin irritation and asthmatic symptoms.
    	In 24 of the wet paint samples advertised as either zero- or low-VOC, 11 different VOCs were detected at concentrations up to 20,000 parts per million.

These concentrations represent the chemical composition within the paint, not the air. Further studies are required to understand how much of these potentially hazardous compounds become airborne as painted surfaces are drying. The researchers say that this work could allow for the design of safer paint products in the future.

The authors acknowledge funding from the National Natural Science Foundation of China.
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Groundbreaking research in groundwater's role in ecosystem sustainability | ScienceDaily
Until now, groundwater -- a critical water resource around the globe, especially in dry regions -- has been largely unstudied in its importance and role in sustaining ecosystems. A new groundbreaking research effort led by the SUNY College of Environmental Science and Forestry (ESF) in partnership with University of California Santa Barbara (UCSB), Cardiff University, and Desert Research Institute (DRI) examines the relationship between groundwater and ecosystems across California. Their innovative findings are featured in Nature Water.


						
Led by Dr. Melissa Rohde, who completed the study as part of her doctoral research in Dr. John Stella's Riparian Echohydrology Lab at ESF, the team used satellite imagery and groundwater monitoring data to identify thresholds of groundwater depth and seasonal change that can support sensitive ecosystems throughout California under the state's Sustainable Groundwater Management Act framework.

"A vast majority of our planet's freshwater is groundwater, but we don't acknowledge or manage it sustainably, resulting in serious consequences for humans and natural ecosystems," said Dr. Rohde, now Principal at Rohde Environmental Consulting, LLC. "Groundwater is critical for many ecosystems, but their water requirements are rarely accounted for by water agencies and conservationists. To reconcile that, our study provides a simple and practical approach to detect ecological thresholds and targets that can be used by practitioners to allocate and manage water resources."

Utilizing 38 years of Landsat satellite images (1985-2022) and statewide groundwater well data, the study examined impacts on key plant communities. A major challenge was to develop standardized metrics that can be applied across diverse ecosystems with site-specific water conditions. The team applied a common data transformation method in a new way to identify thresholds of vegetation greenness and groundwater depth over time that can determine groundwater needs for ecosystems, helping to inform decisions about water use and planning.

"Groundwater-dependent ecosystems such as wetlands, floodplains, and riparian zones have a very outsized importance on biodiversity. Upwards of 80 to 90 percent of species in a general region may be dependent on these ecosystems in some form or another," said Dr. Stella, study co-author and Vice President for Research at ESF. "We applied a simple statistical approach to very large data sets to identify warning signs and conservation targets for a great diversity of ecosystem types."

The vast geographic scope and long timeline covered by the study, allowed the team to evaluate how large-scale systems respond to major climate shocks such as the historical California drought that occurred from 2012 -- 2016, as well as where individual groundwater-dependent ecosystems can serve as resilient drought refugia.

"This type of study, covering the entire state of California over close to 40 years, has really only become possible in the past few years and shows the promise for similar studies over a much larger geographic area using the approach pioneered by Dr. Rohde," remarked co-author, Dr. Dar Roberts from UCSB.




It was discovered that during drought events, groundwater-dependent vegetation that maintains a connection to groundwater can serve as critical drought refugia for associated species, such as riparian birds or fish. However, when groundwater levels deepen beyond plants' rooting zones during drought, these safe havens can be lost.

"A key takeaway from this study is that we can use what we know about how deep the roots of different types of plants tend to be to approximate what groundwater levels are needed to maintain ecosystem health," said co-author Dr. Christine Albano from DRI. "We found that vegetation was healthier where groundwater levels were within about 1 meter of maximum root depth, as compared to where groundwater was deeper."

The research team is hopeful that their approach and findings can help inform water management decisions in California and beyond.

"This study arms groundwater managers with an intuitive, site-specific measure that can provide a data-driven foundation to guide water allocation and ecosystem restoration efforts," said co-author and professor Kelly Caylor from UCSB.

"Globally, there are increasing efforts to manage groundwater resources for multiple purposes, not only to support drinking water needs or high-value agriculture. Our work provides a sound basis on which to develop clear guidelines for how to manage groundwater to support a wide range of needs within drainage basins in California and beyond," said co-author Prof. Michael Singer from Cardiff University.
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Are universities connected to local sustainability? A new study suggests yes...and no. | ScienceDaily
A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.


						
"Society is facing a slew of global challenges, and we wanted to assess the extent to which higher education is contributing to the sort of transformative change needed to address these challenges," says Christopher Galik, co-author of the study and a professor of public administration at North Carolina State University. "For this study, we started at the local level, exploring whether there was any association between university sustainability performance and sustainability in their surrounding communities."

To explore the issue, researchers looked at data from 105 metropolitan areas in the United States, which are collectively home to 427 higher education institutions. Specifically, the researchers drew on data from two sources, the U.S. Cities Sustainable Development Goal (SDG) Index and the QS Sustainability Universities Ranking.

The SDG Index aggregates dozens of metrics related to a municipality's sustainability efforts, covering issues such as climate action, energy efficiency and water use. The QS Sustainability Universities Ranking evaluates university efforts related to environmental sustainability as well as efforts aimed at addressing social concerns, such as global partnerships, community engagement and the health and well-being of students, faculty and staff.

The researchers wanted to see whether there was any relationship between universities that scored well on the QS Sustainability Universities Ranking and the municipalities that scored well on the SDGs.

"Sustainability is complicated -- it has lots of different components," says Ha Vien, first author of the paper and a Ph.D. student at North Carolina State University. "And we found that universities are associated with progress on some of those measures, but not others."

The good news is that there was a very strong correlation between universities that score well on sustainability and communities that score well on innovation, reducing poverty, creating economic opportunities and reducing inequality.

"The bad news is that universities that perform strongly on sustainability measures are also associated with a decline in responsible consumption and production -- measured here as increased air pollution and release of toxic chemicals -- in their surrounding areas," Vien says. "There was also little or no correlation between universities that scored well on environmental sustainability and the environmental sustainability scores of their communities."

"This is an observational study, so it's impossible to determine causation," Galik says. "However, the evidence suggests two things. First, universities continue to be strongly associated with innovation and economic development. But second, the idea that universities can contribute to broader sustainable transformations doesn't seem to be realized yet, at least on a large scale."

"It took significant time and effort for universities to become the economic drivers that we see today," Vien says. "Looking into the future, climate change will continue to be a defining challenge for the foreseeable future. Our findings highlight that there are still a lot of opportunities for higher education to make more of a difference in surrounding communities."
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Scientists further our understanding of how a foodborne bacterium can survive in food preparation environments | ScienceDaily
Scientists from the Quadram Institute and UK Health Security Agency have discovered that bacterial populations remain stable on factory floor despite cleaning efforts in ready-to-eat food production facilities.


						
In 2019, six people died from a listeria outbreak caused by contaminated ready-to-eat foods served in a number of hospitals across the UK. In light of this, scientists are now performing vital research which helps to understand how these pathogens can persist in ready-to-eat food preparation environments.

Listeria monocytogenes is a foodborne bacterium that causes an illness called listeriosis. Symptoms for healthy individuals include a high temperature, aches and pains, feeling or being sick; but infection in those who are pregnant, elderly or immunocompromised, can lead to death.

The safety of foods is therefore paramount within the food industry. However, even in the face of well-implemented strategies to disinfect facilities and control for microbial risks, microbes such as listeria can occasionally breach food safety barriers and cross-contaminate food products. This is particularly dangerous in ready-to-eat foods where consumers will not kill contaminating bacteria by heating the food before eating it. Despite this danger, very little research has been done to understand the bacteria in ready-to-eat food production environments.

Researchers wanted to understand the potential sources of cross contamination and the factors that contribute to the survival of L. monocytogenes in these environments,particularly the communities of other microbes that support and protect it.

They began by sampling the floor of a ready-to-eat food factory that had recurrently detected L. monocytogenes in specific non-food contact areas of the factory. They sampled different sites: a preparation area, where ingredients were kept at 4degC, and a production area where they assembled and packaged the food, kept at 10degC. They aimed to measure the changes of bacterial communities over time, so they sampled the sites over ten weeks, before and after cleaning. They then cultured and performed genetic analysis on the samples to identify which bacteria were present and in what proportions.

The results showed that the populations of bacteria that coexist with L. monocytogenes were stable over time and have adapted to the conditions on the factory floor, including food safety controls. Maria Diaz from the Quadram Institute and lead of the study explains, "as L. monocytogenes is supported by a stable community of other bacteria, we may now need to develop new strategies to alter the whole bacterial population to effectively eliminate the pathogen."

While the overall bacterial populations, and proportions of bacteria were stable before and after cleaning, Maria explains that we cannot assume cleaning efforts do not work. "The populations are very stable, and cleaning is not shifting the composition -- it's not letting one bacterium grow over another. After cleaning, the bacteria reduce in numbers and the bacterial load is lower, making cross contamination less likely."




There was a marked difference, however, between the different areas of the factory at different temperatures; suggesting that the bacterial populations are highly adapted to the different environments within the factory. It also suggests that the bacteria present in the factory are established populations rather than bacteria introduced from outside sources -- as despite movement of personnel between them, the populations remained stable.

While the factory had listeria under control at the time of sampling, this new research is important for understanding the different communities of microbes in different environments across ready-to eat-food facilities. Researchers hope that understanding how listeria survives in these environments could inform more accurate laboratory testing of cleaning methods. Maria adds, "thanks to this research, we can better understand the lifestyle of this pathogen and start to develop laboratory models that allow us to investigate new ways of killing listeria."

Maria Diaz will present her data at this year's Microbiology Society Annual Conference which will take place at Edinburgh International Convention Centre. Her talk "Deciphering microbial dynamics in a Ready-to-Eat Food production facility: Insights into Listeria monocytogenes persistence" will take place on 11 April.
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A simple way to harvest more 'blue energy' from waves | ScienceDaily
As any surfer will tell you, waves pack a powerful punch. Now, we are one step closer to capturing the energy behind the ocean's constant ebb and flow with an improved "blue energy" harvesting device. Researchers report in ACS Energy Letters that simply repositioning the electrode -- from the center of a see-sawing liquid-filled tube to the end where the water crashes with the most force -- dramatically increased the amount of wave energy that could be harvested.


						
The tube-shaped wave-energy harvesting device improved upon by the researchers is called a liquid-solid triboelectric nanogenerator (TENG). The TENG converts mechanical energy into electricity as water sloshes back and forth against the inside of the tube. One reason these devices aren't yet practical for large-scale applications is their low energy output. Guozhang Dai, Kai Yin, Junliang Yan and colleagues aimed to increase a liquid-solid TENG's energy harvesting ability by optimizing the location of the energy-collecting electrode.

The researchers used 16-inch clear plastic tubes to create two TENGs. Inside the first device, they placed a copper foil electrode at the center of the tube -- the usual location in conventional liquid-solid TENGs. For the new design, they inserted a copper foil electrode at one end of the tube. The researchers then filled the tubes a quarter of the way with water and sealed the ends. A wire connected the electrodes to an external circuit.

Placing both devices on a benchtop rocker moved water back and forth within the tubes and generated electrical currents by converting mechanical energy -- the friction from water hitting or sliding against the electrodes -- into electricity. Compared to the conventional design, the researchers found that the optimized design increased the device's conversion of mechanical energy to electrical current 2.4 times. In another experiment, the optimized TENG blinked an array of 35 LEDs on and off as water entered the section of the tube covered by the electrode and then flowed away, respectively. The researchers say these demonstrations lay the foundation for larger scale blue-energy harvesting from ocean waves and show their device's potential for other applications like wireless underwater signaling communications.

The authors acknowledge funding from the National Natural Science Foundation of China and the National Key Research and Development Program of China, and acknowledge computing resources from the High Performance Computing Center of Central South University.
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New step in tectonic squeeze that turns seafloor into mountains | ScienceDaily
Scientists use tiny minerals called zircons as geologic timekeepers. Often no bigger than a grain of sand, these crystals record chemical signatures of the geological environment where they formed. In a new study led by scientists at The University of Texas at Austin, researchers used them to describe what could be an overlooked step in a fundamental tectonic process that raises seafloors into mountains.


						
In a study published in the journal Geology, the researchers describe zircons from the Andes mountains of Patagonia. Although the zircons formed when tectonic plates were colliding, they have a chemical signature associated with when the plates were moving apart.

The researchers think that the unexpected signature could be explained by the mechanics of underlying tectonic plates that hasn't yet been described in other models. This missing step involves a sort of geologic juicing in a magma chamber where zircons form before they reach the surface, with oceanic crust entering the chamber ahead of continental crust.

"If you put some oceanic basin below this magma, you have a change in the composition of this magma as it's incorporated," said the study's lead author Fernando Rey, a doctoral student at the UT Jackson School of Geosciences. "This is something that was not documented before this study."

This theory of oceanic magma mixing is important because it could represent a transitional step in the formation of back arc basins -- an important geological structure that shapes landscapes, geologic records and helps regulate the planet's climate.

These basins form between oceanic and continental tectonic plates, opening up as the plates move apart and closing as they come back together. While the opening of the basin creates oceanic crust, its closing squeezes the crust into mountains -- bringing a geologic record of Earth history to the surface where humans can more easily access it, said coauthor Matt Malkowski, an assistant professor at the Jackson School's Department of Earth and Planetary Sciences. What's more, the weathering of the ocean crust is a major driver of natural carbon dioxide storage. "This is the Earth's way of sequestering carbon. Very effective on its own, but it may take hundreds of thousands if not millions of years," said Malkowski.

Malkowski collected the zircons examined in the study from rock and sediment samples at a field site in Patagonia. The samples captured the entire record of the back arc basin, called the Rocas Verdes Basin, from opening to closing.




When Rey started analyzing the chemical signatures of the zircons, nothing looked out of place at first. The zircons associated with an opening basin had the expected signature. However, when he started examining zircons associated with the closing of the basin, the signature didn't undergo the expected chemical shift -- known to scientists as a "pull down" because of the way data plotting the isotope ratios goes from steadily rising to falling down.

When that pull down signature didn't show up until 200 million years later, appearing in zircons that formed 30 million years ago when the basin was already well into its closure phase, Rey and his collaborators hypothesized a scenario that could help explain the data.

In their paper, they propose a model where the same tectonic forces that squeeze the oceanic crust into mountains could be underthrusting parts of that crust and pushing it toward the magmatic chamber where the zircons are formed -- influencing the chemical signatures recorded in the crystals during the early to middle stages of closure. As the continents continue to squeeze together, the oceanic crust is eventually replaced by continental crust, the source of the pulldown signal.

The researchers think this transitional phase where zircons are juiced by oceanic crust could be part of back arc basins around the world. But there's a good reason why it hasn't been observed before, said Rey. Most back arc basins close faster than Patagonia did -- in a few million years rather than tens of millions of years -- meaning a shorter window of time in which these zircons can form.

Now that scientists have discovered this zircon signal in Patagonia, they can start looking for signs of it in zircons from other places. Rey is currently analyzing zircons from the Sea of Japan -- a modern back arc basin that's in the early stages of closure -- to see if there's signs of oceanic crust influencing the zircon signature.

This research adds to a record of discovery about back arc basins at UT Austin, said Malkowski. Professor Ian Dalziel authored a well-known Nature paper in 1974 that first recognized the Andes of Patagonia as forming due to back arc basin closure.

"Here we are 50 years later, and we're still learning new things about these rocks," Malkowski said.

The research was funded by the National Science Foundation and UT Austin.
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Chicks show vision and touch linked at birth | ScienceDaily
Newly hatched chicks raised in darkness and allowed to touch either a smooth or bumpy cube for 24 hours instantly recognised the object with their vision upon first exposure to light. This suggests chicks can link touch and vision without any prior experience combining these senses, challenging the long-held belief that such integration requires learning. The discovery implies a pre-wired ability in the brain for cross-modal perception, potentially redefining our understanding of animal cognition and sensory processing.


						
In a study published in Biology Letters, researchers at Queen Mary University of London have cracked a centuries-old philosophical question about sight and touch. Led by Dr Elisabetta Versace, the team used chicks to finally answer the question posed by William Molyneux in 1688: can someone born blind instantly recognize objects by sight after gaining vision?

Molyneux proposed a scenario where a person blind from birth learns to distinguish a cube from a sphere by touch. Would they then be able to recognise these shapes visually upon gaining sight? Studying this question in humans is ethically challenging. However, Dr Versace and her team used chicks, which hatch with well-developed sensory systems.

"Unlike humans and other mammals," explains Dr Versace, Senior Lecturer at the School of Biological and Behavioural Sciences, chicks hatch with developed sensory systems. This allowed us to raise them in darkness and expose them to either a smooth or bumpy object for the first 24 hours of their lives -- their first ever tactile experience."

Remarkably, when exposed to light for the first time, chicks that had touched a smooth object preferentially approached the visual representation of a smooth object, and vice versa. This suggests that chicks can inherently link touch with sight, even without any prior visual experience.

"This finding contradicts traditional theories," says Dr Versace. "It suggests our brains are pre-wired to make connections between different senses, even before we have ever used them together."

This breakthrough opens exciting new avenues in understanding how our brains process information across different senses. It could also lead to a deeper understanding of how our senses develop and interact with the world around us.
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Elastocaloric cooling: Refrigerator cools by flexing artificial muscles | ScienceDaily
There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype that the team led by professors Stefan Seelecke and Paul Motzki will be presenting at the Hannover Messe from 22 to 26 April is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods. The research team is developing the new heating and cooling technology in multiple research projects at Saarland University and the Center for Mechatronics and Automation Technology (ZeMa).


						
The new technology, which is now integrated into a small, compact refrigerator prototype, is based on an incredibly simple principle: heat is removed from a space by stretching wires and releasing them again. Known as 'artificial muscles', the shape-memory wires made of super-elastic nitinol absorb heat in the cooling chamber and release it to the outer environment. 'Our elastocaloric process enables us to achieve temperature differences of around 20 degrees Celsius without using climate-damaging refrigerants in a far more energy-efficient manner than today's conventional technologies,' explains Professor Stefan Seelecke, who conducts research at Saarland University and the Saarbrucken Center for Mechatronics and Automation Technology (ZeMa).

The efficiency of elastocaloric materials is more than ten times that of today's air conditioning systems or refrigerators. The U.S. Department of Energy and the EU Commission have declared the cooling technology developed in Saarbrucken to be the most promising alternative to existing processes. It can extract heat from much larger spaces than the small cooling chamber which the engineers are now using to demonstrate elastocalorics at the Hannover Messe. And it can also supply heat to much larger spaces. Heat transfer via the superelastic wires also works for heating applications. In view of climate change, energy shortages and the growing demand for cooling and heating, the process represents a highly promising solution for the future.

To transport heat, the researchers use the special 'superpower' of the artificial muscles made of nitinol: shape memory. Wires made of this alloy remember their original shape and revert to it after they have been deformed or stretched. Like muscles flexing, they can become long and then short again, and are also able to tense and relax. The reason for this lies deep inside the nitinol, which has two crystal lattices -- two phases that can transform into each other. Unlike water, whose phases are solid, liquid and gaseous, the two phases of nitinol are both solid. During these phase transitions of the crystalline structure, the wires absorb heat and release it again: 'The shape-memory material releases heat when it is stretched in a superelastic state and absorbs heat when it is released,' explains Professor Paul Motzki, who holds a cross-institutional professorship at Saarland University and ZeMa, where he heads the Smart Material Systems research group. The effect is intensified if numerous wires are bundled together -- due to their larger surface area, they absorb and release more heat.

Although the principle may at first seem very simple, the research questions that need to be addressed to construct a cooling circuit are highly complex. In the mini-fridge that the research team is currently presenting in Hanover, a specially designed, patented cam drive continuously rotates bundles of 200 micron-thin nitinol wires around a circular cooling chamber: 'As they move in a circle, they are mechanically loaded on one side, i.e. stretched, and unloaded on the other,' explains PhD student Lukas Ehl, who is working on the cooling system. Air is channelled past the rotating bundles into the cooling chamber, where the wires are unloaded and absorb heat from the air. The air then circulates continuously around unloaded wires in the cooling chamber. As they continue to rotate, the wires transport heat out of the cooling chamber and release it when stretched outside the cooling chamber. 'The cooling chamber cools to around 10-12 degrees Celsius using this method,' says student Nicolas Scherer, who is conducting research in the project as part of his Master's thesis.

The engineers in Saarbrucken are researching how the drive keeps the wires permanently in motion, what the air flows look like, in what way the processes are most efficient, how many wires they need to bundle, how strongly they should ideally be stretched for a certain cooling level and much more. They have also developed software that enables them to adjust the heating and cooling technology for different applications and to simulate and plan cooling systems. And they are researching the entire cycle from material production and recycling through to production.

Refrigerators are only just the start. 'We want to leverage the innovative potential of elastocalorics in a wide range of applications, such as industrial cooling, electric vehicle cooling to advance e-mobility and also household appliances,' explains Paul Motzki.

The new technology is the result of over a decade of research in several million-euro research projects and multiple award-winning doctoral dissertation projects. Project funding has come in part from the EU and the German Research Foundation (DFG). The Federal Ministry of Education and Research is investing more than 17 million euros in the DEPART!Saar project, in which the researchers are collaborating with other research institutions and industrial partners. The aim is to give rise to new technology transfer formats and accelerate the path to the market. In several research projects and doctoral dissertation projects, the engineers have also developed a cooling and heating demonstrator that runs continuously and shows how elastocalorics can cool and heat air.

At the Hannover Messe, the Saarbrucken-based experts for smart material systems will also be demonstrating the versatility of their shape memory technology in the form of smart miniature drives, energy-efficient robotic grippers and soft robotic arms in the shape of elephant trunks.
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Last chance to record archaic Greek language 'heading for extinction' | ScienceDaily
A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.


						
The initiative, led by Professor Ioanna Sitaridou from the University of Cambridge, contributes to the UN's International Decade of Indigenous Languages (2022-32), which aims 'to draw global attention on the critical situation of many indigenous languages and to mobilise stakeholders and resources for their preservation, revitalization and promotion.'

Romeyka is thought to have only a couple of thousand native speakers left in Turkey's Trabzon region, but the precise number is hard to calculate especially because of the fact that there is also a large number of heritage speakers in the diaspora and the ongoing language shift to Turkish.

Romeyka does not have a writing system and has been transmitted only orally. Extensive contact with Turkish, the absence of support mechanisms to facilitate intergenerational transmission, socio-cultural stigma, and migration have all taken their toll on Romeyka. A high proportion of native speakers in Trabzon are over 65 years of age and fewer young people are learning the language.

The newly launched trilingual Crowdsourcing Romeyka platform (https://crowdsource.romeyka.org/) invites members of the public from anywhere in the world to upload audio recordings of Romeyka being spoken.

"Speech crowdsourcing is a new tool which helps speakers build a repository of spoken data for their endangered languages while allowing researchers to document these languages, but also motivating speakers to appreciate their own linguistic heritage. At the same time, by creating a permanent monument of their language, it can help speakers achieve acknowledgement of their identity from people outside of their speech community," said Prof. Sitaridou, who has been studying Romeyka for the last 16 years.

The innovative tool is designed by a Harvard undergraduate in Computer Science, Mr Matthew Nazari, himself a heritage speaker of Aramaic. Together they hope that this new tool will also pave the way for the production of language materials in a naturalistic learning environment away from the classroom, but based instead around everyday use, orality, and community.




To coincide with the platform's launch, Sitaridou is unveiling major new findings about the language's development and grammar at an exhibition in Greece (details below).

Sitaridou's most important findings include the conclusion that Romeyka descends from Hellenistic Greek not Medieval Greek, making it distinct from other Modern Greek dialects. "Romeyka is a sister, rather than a daughter, of Modern Greek," said Sitaridou, a Fellow of Queens' College and Professor of Spanish and Historical Linguistics in Cambridge's Faculty of Modern and Medieval Languages and Linguistics. "Essentially this analysis unsettles the claim that Modern Greek is an isolate language."

Over the last 150 years, only four fieldworkers have collected data on Romeyka in Trabzon. By engaging with local communities, particularly female speakers, Sitaridou has amassed the largest collection of audio and video data in existence collected monolingually and amounting to more than 29GB of ethically sourced data, and has authored 21 peer-reviewed publications. A YouTube film about Sitaridou's fieldwork has received 723,000 views to-date.

Grammar and a new phylogeny for Greek

Sitaridou's analysis of the Romeyka infinitive is key. All other Greek dialects known today have stopped using the infinitive found in ancient Greek. So speakers of Modern Greek would say I want that I go instead of I want to go. But, in Romeyka, the infinitive lives on and Sitaridou has observed uncontroversial proof that this Ancient Greek infinitive can be dated back to Hellenistic Greek due to its preservation in a structure which became obsolete by early Mediaeval times in all other Greek varieties, but continued to be used in Romeyka while also undergoing a cross-linguistically rare mutation to a negative item.

Sitaridou's findings have significant implications for our understanding of the evolution of Greek, because they suggest that there is more than one Greek language on a par with the Romance languages (which all derived out of Vulgar Latin rather than out of each other).




Historical context and new field work sites

The roots of the Greek presence in the Black Sea are steeped in myth: from the journey of Jason and the Argonauts to Colchis, to the Amazons. But what we know is that the Greeks began to spread around the Black Sea from approximately the 6th Century BCE. Ionians founded Miletus, which, in turn, founded Sinope, which, eventually, colonized Trebizond. In the Pontus, the language of the first Greek colonizers of Trebizond was the Ionic Greek of Sinope.

In the 4th Century BCE, the passage of Alexander the Great's army contributed to the creation of another Greek-speaking centre, to the South of Pontus, at Cappadocia. It is possible that from Cappadocia, Greek may have also spread northwards towards Pontus.

However, the decisive phase for the expansion of the Greek language seems to be Christianization. The inhabitants of Pontus were among the first converts and are mentioned in the New Testament. The Soumela monastery was founded in 386 CE, around 20 years after the region officially adopted Christianity. The fall of Trebizond to the Ottomans in 1461 led to the city becoming majority Muslim.

Prof. Sitaridou said: "Conversion to Islam across Asia Minor was usually accompanied by a linguistic shift to Turkish, but communities in the valleys retained Romeyka. And because of Islamization, they retained some archaic features while the Greek-speaking communities who remained Christian grew closer to Modern Greek, especially because of extensive schooling in Greek in the 19th and early 20th centuries."

Recently, Prof. Sitaridou started field working in a new site, Tonya, where no other field worker has ever reached, only to reveal significant grammatical variation between the valleys indicating different Islamisation onset. In a publication, to appear soon, it is argued that both the syntax of subordination and negation systems in Tonya show different patterns and thus diachronic development from the Caykara variety.

In 1923, under the Greco-Turkish population exchange, Greek-speaking Christians of Pontus were forced to leave Turkey and relocate to Greece while Romeyka-speaking Muslim communities in the Trabzon area remained in their homeland as they professed Islam, explaining why this Greek variety is still spoken in small enclaves in the region. Since 1923 and until very recently the two speech communities were oblivious of each other's existence.

Preservation of heritage languages and why it matters

Speakers are still reluctant to identify Romeyka as one of their languages since, for Turkish nationalists, speaking Greek goes against the very fundamentals of one's belonging. From a Greek nationalist perspective, these varieties are deemed 'contaminated' and/or disruptive to the ideology of one single Greek language spoken uninterruptedly since antiquity, as Sitaridou explains in an article which is about to be published by the Laz Institute in Istanbul.

In Greece, Turkey and beyond, Sitaridou has used her research to raise awareness of Romeyka, stimulate language preservation efforts and enhance attitudes. In Greece, for instance, Sitaridou co-introduced a pioneering new course on Pontic Greek at the Democritus University of Thrace since the number of speakers of Pontic Greek is also dwindling.

"Raising the status of minority and heritage languages is crucial to social cohesion, not just in this region, but all over the world," Prof. Sitaridou said. "When speakers can speak their home languages they feel "seen" and thus they feel more connected to the rest of the society; on the other hand, not speaking the heritage or minority languages creates some form of trauma which in fact undermines the integration which linguistic assimilation takes pride in achieving."

The same ethos traverses a new AHRC-funded project about the documentation of a critically endangered language, Sri Lanka Portuguese, among Afrodescent communities in north-western Sri Lanka. Sitaridou will be documenting and analysing manja, the only remaining linguistic and cultural expression of African heritage for these communities.

Exhibition at Mohamed Ali's historical House in Kavala this April

The Romeyka exhibition (http://www.romeyka.org/mohaexhibition/index-en.html) runs at the MOHA Research Centre in Kavala, Greece, from 29th March -- 28th April 2024.

The exhibition features previously unpublished archival material from Exeter College, Oxford and photographic material from British School of Athens which give us a glimpse into the Greek-speaking communities and language in the southern Black Sea shores 110 years ago taken by R.M. Dawkins, one of the first field workers in the area. This is combined with photographs and video material from Prof. Sitaridou's own fieldwork, interspersed with panels and audio material to communicate her linguistic findings.

The exhibition aims to generate further reflections on endangered heritages, fragmented and shared identities and collective memory as well as helping us get a better grasp of multilingualism, localised experiences, intergenerational stories of co-existence and displacement, diasporic selves and language loss, and alternative modalities of being and belonging both in Greece and Turkey.
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Sunrise to sunset, new window coating blocks heat -- not view | ScienceDaily
Windows welcome light into interior spaces, but they also bring in unwanted heat. A new window coating blocks heat-generating ultraviolet and infrared light and lets through visible light, regardless of the sun's angle. The coating can be incorporated onto existing windows or automobiles and can reduce air-conditioning cooling costs by more than one-third in hot climates.


						
"The angle between the sunshine and your window is always changing," said Tengfei Luo, the Dorini Family Professor for Energy Studies at the University of Notre Dame and the lead of the study. "Our coating maintains functionality and efficiency whatever the sun's position in the sky."

Window coatings used in many recent studies are optimized for light that enters a room at a 90-degree angle. Yet at noon, often the hottest time of the day, the sun's rays enter vertically installed windows at oblique angles.

Luo and his postdoctoral associate Seongmin Kim previously fabricated a transparent window coating by stacking ultra-thin layers of silica, alumina and titanium oxide on a glass base. A micrometer-thick silicon polymer was added to enhance the structure's cooling power by reflecting thermal radiation through the atmospheric window and into outer space.

Additional optimization of the order of the layers was necessary to ensure the coating would accommodate multiple angles of solar light. However, a trial-and-error approach was not practical, given the immense number of possible combinations, Luo said.

To shuffle the layers into an optimal configuration -- one that maximized the transmission of visible light while minimizing the passage of heat-producing wavelengths -- the team used quantum computing, or more specifically, quantum annealing, and validated their results experimentally.

Their model produced a coating that both maintained transparency and reduced temperature by 5.4 to 7.2 degrees Celsius in a model room, even when light was transmitted in a broad range of angles. The lab's results were recently published in Cell Reports Physical Science.

"Like polarized sunglasses, our coating lessens the intensity of incoming light, but, unlike sunglasses, our coating remains clear and effective even when you tilt it at different angles," Luo said.

The active learning and quantum computing scheme developed to create this coating can be used to design of a broad range of materials with complex properties.
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A new estimate of U.S. soil organic carbon to improve Earth system models | ScienceDaily
Soil contains about twice as much carbon as the atmosphere and plants combined. It is a major carbon sink, capable of absorbing more carbon dioxide from the atmosphere than it releases. Management of soil carbon is key in efforts to mitigate climate change, in addition to being vital to soil health and agricultural productivity.


						
Measuring soil carbon, however, is a painstaking, expensive process. Samples must be dug from the ground and sent to a lab for analysis, making upscaling measurements on a large spatial scale challenging.

Now environmental scientists have combined field-level data with machine-learning techniques to estimate soil organic carbon at the U.S. continental scale. The Journal of Geophysical Research -- Biogeosciences published the new soil organic carbon estimate, which improves the overall estimate for the United States and gives new insights into the effects of environmental variables on soil organic carbon.

"There is growing recognition that soil organic carbon is important and that we should invest in building it up through sustainable land management practices," says Debjani Sihi, senior author of the study and assistant professor of environmental sciences at Emory University. "Our estimate is more accurate than existing estimates and provides a better benchmark to guide policymakers and land managers in adopting climate-smart practices."

Land is far more efficient than the ocean at retaining carbon, Sihi notes, and offers one possible nature-based solution to help mitigate climate change.

"We could potentially create conditions," she explains, "that are favorable for soil to capture carbon dioxide from the atmosphere and lock it there for a really long time -- over millennia."

Sihi is a biogeochemist who studies environmental and sustainability issues at the nexus of soil and climate.




First author of the current paper is Zhuonan Wang, a former postdoctoral fellow in Sihi's lab who is now at Colorado State University.

Digging into soil data

Soil organic carbon is made up of plant and animal matter in various states of decomposition. While inorganic carbon is also found in the soil in the form of carbonate minerals, organic carbon is usually the largest proportion and the most important driver of soil biology and quality.

The U.S. Department of Agriculture maintains the National Cooperative Soil Survey soil characterization database. This data was gathered over decades both by walking over the land and observing and by digging up core samples and sending them to laboratories for analysis. Measuring soil organic carbon, for example, requires digging a core to the root zone, about 30 centimeters deep to obtain a topsoil profile and until the core hits bedrock to obtain an entire soil profile.

Soil sampling is done in other parts of the world as well. The International Soil Organic Carbon Network encompasses more than 430,000 soil profiles, drawn from across the globe. Scientists use such data to create "soil maps," or estimates of soil characteristics in various regions. One well-known soil map is the Harmonized World Soil Database, developed by the United Nations' Food and Agricultural Organization and collaborators. Another is SoilGrids, supported by the International Soil Reference and Information Center in the Netherlands.

Significant inconsistencies exist in the estimates of soil organic carbon within both the Harmonized World Soil Database and SoilGrids. Sihi and her team set out to see if they could resolve these inconsistencies within the United States estimates by finding more effective ways to scale up the soil-sampling data.




The researchers divided the United States -- including all 50 states and Puerto Rico -- into 20 different regions and created machine-learning models for each region. They obtained nearly 50,000 soil samples, ranging from 30 centimeters to one meter deep, from across these regions. They built their algorithms using these data samples for soil organic carbon, matched to precise geographic information system locations.

They also drew from additional open-source data to feed their models with 36 environmental variables, including details about the climate, topographical features of the land, biogeochemical properties of the soil and the amount of vegetation on the landscape.

A better benchmark for modeling Earth systems

The results showed that the new method provided more accurate estimates than both the Harmonized World Soil Database and SoilGrids for the top 30 centimeters of soil, where the most biologically active soil organic carbon tends to be concentrated.

The new method also revealed how the effects of environmental variables on soil organic carbon vary across regions. While climate was the most common predictor of soil organic carbon across most of the regions, the vegetation index tended to be more important in the arid areas of the southwest. Elevation was a key variable in regions that were mountainous or included a major river delta.

The researchers hope that others will apply their approach to other countries and continents where enough on-the-ground data is available.

"The beauty of our approach is that it gives us the power to identify regions with high uncertainty in our estimates and that helps us to guide future sampling efforts," Sihi says.

Considering environmental variables also increases the new model's flexibility as global temperatures rise due to climate change, causing soils to warm and alter rainfall patterns. It remains unclear, Sihi notes, if soils will continue to serve as a carbon sink or transform into a carbon source.

"To understand how soil carbon will change under a changing climate, we first need accurate estimates of current soil organic carbon levels and the key factors that influence them," Sihi says. "Our new estimate is a step toward getting more accurate baseline data to improve Earth system models for climate change."

Co-authors of the new estimate include Jitendra Kumar (Oak Ridge National Laboratory), Samantha Weintraub-Leff (National Ecological Observatory Network), Katherine Todd-Brown (University of Florida) and Umakant Mishra (Sandia National Laboratories).

The work was supported by the National Science Foundation and the U.S. Department of Energy.
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Scientists' urgent call: End destruction and forge a just, sustainable future | ScienceDaily

"Climate change, ecological destruction, disease, pollution, and socio-economic inequality are pressing global challenges facing humanity in the 21st century," said Chip Fletcher, lead author and interim Dean of the UH Manoa School of Ocean and Earth Science and Technology. "These crises are not isolated problems but are interwoven, exacerbate each other, and create amplifying feedbacks that pose a grave threat to both the environment and human well-being."

"Environmental and human health are inextricably linked," said David Karl, co-author and professor of oceanography at UH Manoa. "Urgent and comprehensive action is called for, including rapid decarbonization, fostering a more harmonious relationship with nature, and equitable human development."

Global cultural shift

The authors argue that centuries of imperialism, extractive capitalism, and population growth have pushed Earth's ecosystems beyond their limits, and created a broadening pattern of social inequality. The review summarizes the grave threats facing the planet but rejects a "doom and gloom" philosophy. Instead, the authors argue, the threats should motivate swift and substantial actions.

According to the authors, a global economic model focused on wealth accumulation and profit, rather than true sustainability, is a major impediment to decarbonization, conserving natural resources, and ensuring social equity. Therefore, the authors argue, governments should enforce radical, immediate cuts in fossil fuel use, eliminate environmentally harmful subsidies, and restrict trade that generates pollution or unsustainable consumption.

The most vulnerable human populations, those who bear the least responsibility, disproportionately bear the consequences of these interwoven global crises. The broadening pattern of this inequity breeds displacement, disease, disillusionment, and dissatisfaction that ultimately erode social cohesion.




A grossly unequal distribution of wealth has coupled with the increasing consumption patterns of a rising global middle class to amplify ecological destruction. Studies show that the poorest half of the global population owns barely 2% of total global wealth, while the richest 10% owns 76% of all wealth. The poorest 50% of the global population contribute just 10% of emissions, while the richest 10% emit more than 50% total carbon emissions. Climate change, economic inequality, and rising consumption levels intertwine to amplify ecological destruction.

Marine and terrestrial biomes face critical tipping points, while escalating challenges to food and water access foreshadow a bleak outlook for global security. The consequences of these actions are disproportionately borne by vulnerable populations, further entrenching global inequities.

"To avoid these consequences, we advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants," said Krista Hiser, professor of English at Kapiolani Community College at the University of Hawai'i.

Kinship with nature

The authors welcome signs that humanity is interested in changing its value system to prioritize justice and reciprocity within human societies and between humans and natural landscapes and ecosystems, which they see as the best route to true sustainability.

According to Phoebe Barnard, affiliate professor at the University of Washington, "The imperative is clear: to navigate away from this precipice, we must collectively harness political will, economic resources, and societal values to steer toward a future where human progress does not come at the cost of ecological integrity and social equity."

The authors call for a global cultural shift in values, aided by education, robust policy, economic incentives, cross-sector partnerships, community empowerment, corporate accountability, technological innovation, leadership, and cultural narratives delivered through art and media. They conclude that humanity must stop treating these issues as isolated challenges and establish a systemic response based on kinship with nature that recognizes Earth as our lifeboat in the cosmic sea of space.
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These plants evolved in Florida millions of years ago: They may be gone in decades | ScienceDaily
Scrub mints are among the most endangered plants you've probably never heard of. More than half of the 24 species currently known to exist are considered threatened or endangered at the state or federal level, and nearly all scrub mints grow in areas that are being rapidly developed or converted to agricultural pasture.


						
In a new study, researchers analyzed a distinct type of DNA marker, which shows there are likely more scrub mint species waiting to be scientifically described. And at least one species has been left without federal protection because of a technicality.

"The Titusville balm is currently considered to be a recent hybrid," said lead author Andre Naranjo, who conducted the study while completing a Ph.D. with the Florida Museum of Natural History. "When you describe something as a hybrid, that implies that it's not a true species, and it can't be protected under the Endangered Species Act."

Naranjo found no evidence for recent hybridization in Titusville balms (Dicerandra thinicola), and his results suggest that a group called the calamints may contain cryptic diversity that requires further study.

Scrub mints evolved during a period of rapid climate change

Naranjo and his colleagues conducted the study to learn about the evolutionary history of scrub mints. The group is native to the southeastern United States and originated during a turbulent time in Earth's past.

Three million years ago, during a period called the Pliocene, temperatures were 2-3 degrees C warmer than they are today, and sea levels were up to 30 meters higher. At the time, the central and southern half of Florida was an archipelago. But as temperatures cooled over the next several million years, the waters receded, and the Florida Peninsula took on its modern-day dimensions.




Much of this newly surfaced habitat wasn't exactly prime real estate. Where soils did exist, they were primarily composed of sand, and the cooler temperatures resulted in less rainfall. This was particularly true of the elevated areas that had been islands before sea levels fell.

What's left of these ancient shorelines is now located near the center of the Florida Peninsula and is often referred to as sand pine scrub. Plants and animals that moved into these vacant spaces had to contend with little water, few nutrients and rampant wildfires.

The species that managed to survive tended to do well within this narrow framework of harsh conditions but lost the ability to live just about anywhere else. Today, 40-60% species that live in these areas are endemic, meaning they can be found only in southeastern scrub habitats.

Scrub mints are among the few plants that staked a claim in the new Florida frontier. Originating in the panhandle, the ancestor of modern scrub mints dispersed south as soon as there was land to grow on.

At the height of the ice ages during the Pleistocene, when much of the planet's reserve of water was locked away in massive glaciers, Florida was up to twice the size it is today, and scrub mints flourished.

"These plants had a much wider range in the past and were readily sharing DNA with one another," Naranjo said.




But their habitat soon shrank. There were at least 17 ice ages during the Pleistocene, when scrub mints were evolving, and each cold period was separated by warm intervals in which much of Florida was swallowed by the sea.

Widespread scrub environments were repeatedly reduced to islands, severing the connection between mint populations. They began to grow apart, and soon each scrub island contained its own unique mint species. During the cold periods, when sea levels fell, scrub mint populations again overlapped, and these unique species hybridized with each other.

This ancient intermingling created the scrub mints as they're known today.

The storied history of scrub mints cut short by development

Naranjo sequenced nuclear DNA from scrub mints for the study. Unlike the plastid DNA often used to study plants, which is produced by structures called chloroplasts, the DNA from plant nuclei is especially useful for scientists trying to tease apart historical interactions between species.

According to his results, annual scrub mints in the genus Dicerandra -- which grow north into South Carolina and die back during the winter -- originated from a back-to-back hybridization event between the ancestors of perennial scrub mints, which have a distribution further south and grow year-round.

Hybridization is a common form of diversification in plants, so much so that nearly every group of plants you might come across has had a hybridization event occur at some point in its evolutionary history.

Crucially, Naranjo's findings indicate the scrub mints that currently exist have been on separate evolutionary trajectories for hundreds of thousands of years. When modern humans diverged from Neanderthals around 500,000 years ago, scrub mints were already well on their way to becoming separate species.

The study also suggests that calamints are genetically diverse, so much so that new species designations are likely warranted. This is especially true for those with large ranges in the southeastern U.S., including the scarlet calamint (Clinopodium coccineum) and Georgia calamint (Clinopodium georgianum), neither of which is considered to be endangered.

Even if additional species are afforded protection, Naranjo fears it may not be enough to stave off declines and eventual extinction. Lakela's mint (Dicerandra immaculata), for example, is listed as critically endangered and only grows along a three-mile stretch of scrub, almost all of which is privately owned.

Conditions that once allowed these plants to thrive, such as periodic wildfires, are now impractical, due to nearby urban areas that would be negatively affected. And invasive species are encroaching on what little pristine scrub is left. Work to remove invasives is often done by volunteers, if they're removed at all.

"If we continue with business as usual, this entire group of plants could go extinct within the next 100 years. And we won't just lose these species. We'll lose the scrub, one of the most truly authentic and formerly ubiquitous Florida habitats will just go away," Naranjo said.

The study was published in the journal Molecular Phylogenetics and Evolution.

Christine Edwards of the Missouri Botanical Garden, Matthew Gitzendanner of the University of Florida, and Pamela and Douglas Soltis of the Florida Museum of Natural History are also co-authors on the study.
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Companies ignoring climate risks get punished by markets, new study reveals | ScienceDaily
A pioneering study from the University of Florida has quantified corporations' exposure to climate change risks like hurricanes, wildfires, and climate-related regulations and the extent to which climate risks are priced into their market valuations. The research also exposes a costly divide -- companies that proactively manage climate risks fare much better than those that ignore the threats.


						
Using textual analysis of earnings call transcripts from almost 5,000 U.S. public companies, researchers developed novel measures of firms' physical climate risk exposure from weather extremes as well as the 'transition risks' that firms face from the global shift to a low-carbon economy, like shifting to renewable energy and reduced carbon emissions. They found companies facing high transition risks from things like emissions regulations tended to be valued at a discount by investors.

"In recent years, overall investor attention to climate change has increased," explained Qing Li, Clinical Assistant Professor at the University of Florida Warrington College of Business. "As our research shows, companies that have high exposure to transition risk seem to be punished by markets."

However, the valuation discount didn't apply to companies actively working to adapt their business models and reduce climate impacts through strategies like increasing sustainable investments and green technologies. These 'proactive' firms tend to ramp up sustainable innovations and avoid cuts to research spending as transition risks intensify.

In contrast, companies that discuss transition risks but take a passive stance tend to slash R&D budgets and jobs when facing higher climate exposure -- a potential impediment to their long-term competitiveness.

"The divide in strategies and outcomes between proactive and nonproactive firms is quite stark," noted researcher Yuehua Tang, Emerson-Merrill Lynch Associate Professor. "Companies being transparent about their climate vulnerabilities but also demonstrating tangible responses to mitigate those risks seem to be rewarded by markets."

The findings come amid increasing pressure from investors, regulators and activists for companies to publicly disclose climate risks. In 2024, the SEC implemented new rules that require public corporations to report risks from climate change impacts and in some cases their greenhouse gas emissions.

While there are costs for businesses that adapt to both physical and transitional climate risks, the study by Li, Tang, China Europe International Business School's Hongyu Shan (Ph.D. '19) and Georgia State University's Vincent Yao suggests proactive efforts could actually boost valuations and preparedness as investors increasingly consider climate threats when making informed investment decisions.

"Corporate Climate Risk: Measurements and Responses" is published in The Review of Financial Studies. The research team also shares their climate risk measures at: https://www.corporateclimaterisk.com/
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AI writing, illustration emits hundreds of times less carbon than humans, study finds | ScienceDaily
With the evolution of artificial intelligence comes discussion of the technology's environmental impact. A new study has found that for the tasks of writing and illustrating, AI emits hundreds of times less carbon than humans performing the same tasks. That does not mean, however, that AI can or should replace human writers and illustrators, the study's authors argue.


						
Andrew Torrance, Paul E. Wilson Distinguished Professor of Law at KU, is co-author of a study that compared established systems such as ChatGPT, Bloom AI, DALL-E2 and others completing writing and illustrating to that of humans.

Like cryptocurrency, AI has been subject to debate about the amount of energy it uses and its contributions to climate change. Human emissions and environmental impact have long been studied, but comparisons between the two have been scant. The authors conducted a comparison and found that AI systems emit between 130 and 1,500 times less CO2e (carbon dioxide equivalent) per page of text generated than human writers and illustration systems between 310 and 2,900 times less CO2e per image than humans.

"I like to think of myself as driven by data, not just what I feel is true. We've had discussions about something that appears to be true in terms of AI emissions, but we wanted to look at the data and see if it truly is more efficient," Torrance said. "When we did it, the results were kind of astonishing. Even by conservative estimates, AI is extremely less wasteful."

The study, co-written with Bill Tomlinson, Rebecca Black and Donald Patterson of the University of California-Irvine, was published in the journal Nature.

To calculate the carbon footprint of a person writing, the researchers consulted the Energy Budget, a measure that considers the amount of energy used in certain tasks for a set period of time. For example, it is well established how much energy a computer with word processing software uses per hour. When multiplied by the average time it takes a person to write a page of text, on average, 250 words, an estimate can be arrived at. Using the same amount of energy used by the CPUs that operate AI such as ChatGPT, which can produce text much faster, produces an estimate for AI.

Researchers also considered per capita emissions of individuals in the United States and India. Residents of the former have approximate annual emissions of 15 metric tons CO2e per year, while the latter is an average of 1.9 metric tons. The two nations were chosen as they have the highest and lowest respective per capita environmental impact of countries with population higher than 300 million, and to provide a look at different levels of emissions in different parts of the world in comparison to AI.




Results showed that Bloom is 1,400 times less impactful than a U.S. resident writing a page of text and 180 times less impactful than a resident of India.

In terms of illustration, results showed that DALL-E2 emits approximately 2,500 times less CO2e than a human artist and 310 times less than an India-based artist. Figures for Midjourney were 2,900 times less for the former and 370 times less for the latter.

As technologies improve and societies evolve, those figures are almost certain to change as well, Torrance said.

The authors wrote that carbon emissions are only one factor to consider when comparing AI production to human output. As the technologies exist now, they are often not capable of producing the quality of writing or art that a human can. As they improve, they hold the potential to both eliminate existing jobs and create new ones. Loss of employment has potential for substantial economic, societal and other forms of destabilization. For those and other reasons, the authors wrote, the best path forward is likely a collaboration between AI and human efforts, or a system in which people can use AI to be more efficient in their work and retain control of final products.

Legal issues such as the use of copyrighted material in training sets for AI must be considered, the authors wrote, as does the potential for an increase in artificially produced material to result in an increase in the energy it uses and resulting emissions. Collaboration between the two is the most beneficial use of both AI and human labor, the authors wrote.

"We don't say AI is inherently good or that it is empirically better, just that when we looked at it in these instances, it was less energy consumptive," Torrance said.

The research was conducted to improve understanding of AI and its environmental impact and to address the United Nation Sustainable Development Goals of ensuring sustainable consumption and production patterns and taking urgent action to combat climate change and its impacts, the researchers wrote.

For their part, the authors have begun to use AI as an aid in producing drafts for some of their writing, but they also agree on the necessity of carefully editing, and adding to, such drafts manually.

"This is not a curse, it's a boon," Torrance said of AI. "I think this will help make good writers great, mediocre writers good and democratize writing. It can make people more productive and can be an empowerment of human potential. I'm hugely optimistic that technology is getting better in most respects and lightening the effects we have on the Earth. We hope this is just the beginning and that people continue to dig into this issue further."
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Australia on track for unprecedented, decades-long megadroughts | ScienceDaily
Australia could soon see megadroughts that last for more than 20 years, according to new modelling from The Australian National University (ANU) and the ARC Centre of Excellence for Climate Extremes.


						
The researchers' bleak findings are before factoring in human impact on the climate since the Industrial Revolution. The ANU-led team also found that 20th century droughts in southwestern and eastern Australia, including the Murray-Darling Basin, were longer on average compared to pre-industrial times.

According to the scientists, the findings paint a worrying picture of future droughts in Australia that are far worse than anything in recent experience.

Megadroughts are exceptionally severe, long-lasting and widespread. They can last multiple decades or even centuries. An example of this is the megadrought in the United States' southwestern region that started in the year 2000 and has continued for more than two decades.

Co-lead author Dr Georgy Falster, from the ANU Research School of Earth Sciences, said that if a megadrought occurred in Australia today, the consequences would be made even worse because of climate change, as any drought would occur against a backdrop of hotter weather.

"The combination of climate change on top of naturally occurring megadroughts that could last for 20 years means that in the future Australia could see droughts that are worse than anything in recent historical experience," Dr Falster said.

"We must consider, and prepare for, the possibility that one of these multi-decade megadroughts could occur in the near future.




"One of the problems with understanding protracted droughts in Australia is that our climate observations since the 1900s give us only a handful of examples to work with. This isn't representative of the worst-case scenarios that are possible just through natural climate variations.

"Thinking about when we might expect to see a 20-year-long drought in the Murray-Darling Basin in southeastern Australia, this varies a lot. We could see a megadrought occur every 150 years or 1,000 years.

"In this study, we paid particular attention to the Murray-Darling Basin. As the largest agricultural region of Australia, it's important to know how bad droughts in this region could be."

The ANU-led team looked at the full spectrum of droughts Australia could experience, including length and intensity, even without the effects of climate change. They also wanted to find out how human-caused climate change is now altering the characteristics of Australian droughts.

The researchers used multiple climate models to simulate droughts that occurred during the past millennium -- from the year 850 to 2000 -- to determine how they might change in the future.

This includes predicting how long Australian droughts could last for, and how dry they could be.




"One of the confronting findings of our work is that it is possible for droughts in Australia to be much longer than any of the droughts that we've experienced in recent times. Droughts that continue for 20 years or more are something that we should expect to happen," Dr Falster said.

"Megadroughts are part of the natural variations in Australia's climate. But worryingly we are now also adding human-caused climate change into the mix, and that is probably increasing the chances of the next megadrought here.

"We compared simulated droughts in the 20th century, from the year 1900 to 2000, with those from the pre-industrial period, before the year 1850, to see if human-caused climate change has impacted how Australians experience droughts today."

Co-author Professor Nerilie Abram, also from ANU, said human-caused climate change is contributing to longer droughts in southwestern and eastern Australia, including the Murray-Darling Basin.

She said these are also the regions where we can expect future rainfall declines due to climate change, thereby increasing the risk of droughts.

"It is likely that changes to drought intensity could still arise as climate change continues to worsen," Professor Abram said.

"One example of this is the 21st century 'Tinderbox Drought', which was only three years long but was exceptionally intense and set the conditions for the Black Summer bushfires. The Tinderbox Drought was likely made more severe by climate change.

"The only thing we can do to lessen the potential severity and length of future droughts is to rapidly reduce greenhouse gas emissions. For example, by rapidly transitioning to renewable energy sources.

"We can also reduce the impacts of future droughts by being prepared with water storage and management plans, and community support networks."

The research is published in a special edition of the journal Hydrology and Earth System Sciences. This work was co-led by ANU and The University of Sydney in collaboration with the University of New South Wales (UNSW), the University of Wollongong and the University of Monash.
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Building blocks for greener energy: Reconfigurable elastic metasurface | ScienceDaily
Energy harvesting, an eco-friendly technology, extends beyond solar and wind power in generating electricity from unused or discarded energy in daily life, including vibrations generated by passing car engines or trains. Recent intriguing research has been announced, aiming to enhance the efficiency of energy harvesting using a new type of metasurface that can be reconfigured, resembling the assembly of LEGO bricks.


						
Professor Junsuk Rho from the Departments of Mechanical Engineering, Chemical Engineering, and Electrical Engineering and PhD/MS student Geon Lee from the Department of Mechanical Engineering at Pohang University of Science and Technology (POSTECH) have joined Professor Miso Kim from the School of Advanced Materials Science and Engineering at Sungkyunkwan University (SKKU) to collaborate on a research project. Together, they developed a multifunctional elastic metasurface that can be freely configured by attaching and detaching components for practical applications. This research was published in one of the international journals in materials science, Advanced Science.

Metamaterials are artificially designed structures that exploit the relationships among wavelengths to manipulate wave energy such as light, vibration, and sound. Harnessing this capability in energy harvesting allows for the gathering of elastic waves in piezoelectric components, thereby increasing the efficiency of electricity production. However, limitations in the theoretical analysis of the beams constituting metamaterials confine their operation to a single frequency and restrict their utility to specific purposes, posing challenges for their practical application in real structures.

The research team overcame these limitations by employing the Timoshenko-Ehrenfest beam theory instead of the conventional Euler-Bernoulli beam theory. What distinguishes the former is its consideration of the fundamental characteristics of elasticity, including shear deformation and rotational inertia effects of the beam. This study marks the first application of this theory to elastic metamaterial research.

The researchers succeeded in interpreting and modeling elastic metamaterials for phase modulation of elastic waves using the Timoshenko-Ehrenfest beam theory. Furthermore, they fabricated a new type of Timoshenko-Ehrenfest beam-based reconfigurable elastic metasurface (TREM) capable of attaching and detaching multiple structures. The TREM can reconstruct its surface depending on its application, enabling control over various wave phenomena such as anomalous wave refraction, wave focusing, self-accelerated wave propagation, and total wave reflection across a wide frequency range.

Notably, the team's TREM demonstrated outstanding effectiveness in harvesting elastic wave energy, enhancing the electrical output power of piezoelectric components by up to eight times. This highlights its value as a piezoelectric energy harvesting system.

Professor Junsuk Rho, the lead researcher, stated: "I believe that our newly developed metasurface, designed to operate across multifunctional and wide-frequency ranges, will prove invaluable in energy harvesting, most notably in the eco-friendly utilization of ambient energy. This technology, along with its applications in structural health monitoring, wireless sensing, and the Internet of Things, holds great potential for significant contributions across diverse fields."

This work was supported by the N.EX.T. Impact Project of POSCO Holdings, as well as by funding from various programs including the Pioneer Research Center Program, the Regional Leading Research Center (RLRC) Program, and the Laboratory for Future Technology Program, all administered by the National Research Foundation of Korea and funded by the Ministry of Science and ICT of the Korean government.
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How and why animals can live alongside humans | ScienceDaily
New research suggests animals can thrive in human-dominated environments by being expert judges of risk. Alexis Breen from the Max Planck Institute for Evolutionary Anthropology in Leipzig, and Dominik Deffner from the Max Planck Institute for Human Development in Berlin, examined the behaviour of great-tailed grackles, a bird species successfully invading much of urban North America, showing the sex that leads this charge -- the dispersing males -- shy away from risk, which is a characteristic the researchers show is well-suited to chaotic environments like cities. These findings provide unique insight into how and why animals and humans can coexist.


						
"For animals, living alongside humans is 'risky business'. But some species, like grackles, are clearly coping better in human-dominated environments, even seeking them out. We wanted to find out the secret to grackles' urban-invasion success story," said Breen.

The research is based on new analyses of grackles' feeding behaviour. Deffner explained: "Cities are chaotic; they may have more cafes where animals like grackles can nab food, but they're also filled with unpredictable people and their pets. To help manage this uncertainty, we thought grackles might use a specific strategy when trying to find food."

Across three different populations, the researchers first examined how quickly grackles learned food was hidden in one particular place over another. Next, when the location of the food was swapped, the researchers examined how quickly the grackles relearned where to find it.

Better safe than sorry when leading an urban invasion

"Our key behavioural finding is that -- across all three populations -- male grackles were faster than female grackles at relearning the location of an out-of-sight treat. This robust result means male grackles are more efficient foragers in uncertain environments," said Breen.

Under uncertainty, how do male grackles 'outlearn' female grackles? "Unlike females, males exhibit pronounced risk-sensitive learning. That is, males pay close attention to whether they recently found food, and, if so, they pretty much stick to feeding from that location, instead of gambling on exploring another location," explained Deffner. The researchers said they were able to infer this strategy from grackles' feeding behaviour via cognitive modelling.




"This sex differences in grackles' learning makes biological sense," said Breen, adding: "In this species, males are the ones that disperse and move into new territories; in other words, they lead their species' urban invasion. So, as urban-invasion leaders, male grackles should proceed with caution -- new neighbourhoods will pose new challenges." The authors said they thought later-arriving females could overcome these same challenges by learning from the already established, and therefore presumably 'knowledgeable', males.

Risk-sensitive learners are winners in unpredictable environments

On their computers, the researchers also artificially simulated evolution, to examine the kinds of learning strategies that emerge victorious from unpredictable environments like urban environments. Deffner explained: "In this urban-like environment, pretend animals need to learn to find food. The learning strategy they use to find food determines how much they get to eat. And how much they get to eat determines whether they can have babies who also learn roughly the same way. Over many generations, then, the animals with the best learning strategy will come to dominate the urban-like environment. Importantly, these 'winners' will give us an idea of how animals in general can thrive in the Anthropocene."

Which learning strategy do unpredictable urban-like environments prefer? "Strikingly, in times of uncertainty, we found risk-sensitive learners were more likely to dominate over learners with other strategies. This result implies risk-sensitive learners like male grackles are better adapted to cope in chaotic settings, human-induced or otherwise," said Breen.

Breen concluded: "Our study offers compelling evidence for how and why at least grackles are thriving in unpredictable urban environments. We link sex differences in foraging grackles' learning strategies to sex differences in who leads their species' invasion, and we further link the learning strategy used by these urban-invasion leaders to likely being a generally good one for any animal navigating a life shared with humans."

To help facilitate future similar study on human-animal coexistence, the researchers created an online repository where scientists and the public alike can freely access their custom-built modelling tools. In reference to the repository, Deffner said: "We hope this open-science resource proves useful to others."
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When did the chicken cross the road? New evidence from Central Asia | ScienceDaily

Chickens are one of the most economically important animals in the world today. However, the story of their origins and dispersal across the ancient world is still poorly understood. In fact, new archaeological techniques have recently led to the recognition that many finds of bones previously thought to represent early chickens in fact belonged to wild birds. Now, in a new publication, an international team of archaeologists, historians, and biomolecular scientists present the earliest clear evidence for the raising of chickens for egg production, and argue that the loss of seasonal egg laying was the main driver for the dispersal of domestic chickens across Eurasia and northeast Africa.

Using eggshell fragments collected from 12 archaeological sites spanning roughly 1500 years, the researchers show that chickens were widely raised in Central Asia from approximately 400 BCE to 1000 CE and were likely dispersed along the ancient Silk Road. The abundance of eggshells further suggests that the birds were laying out of season. It was this trait of prolific egg laying, the researchers argue, that made the domestic chicken so attractive to ancient peoples.

To reach these conclusions, the team collected tens of thousands of eggshell fragments from sites located along the main Central Asian corridor of the Silk Road. They then used a method of biomolecular analysis called ZooMS to identify the source of the eggs. Much like genetic analysis, ZooMS can make species identifications from animal remains such as bone, skin and shell, but it relies on protein signals rather than DNA. This makes it a faster and more cost-effective option than genetic analysis.

"This study showcases the potential of ZooMS to shed light on human-animal interactions in the past," says Dr. Carli Peters, researcher at the Max Planck Institute of Geoanthropology and first author of the new paper.

The identification of these shell fragments as chickens, and their abundance throughout the sediment layers at each site, led the researchers to an important conclusion: the birds must have been laying more frequently than their wild ancestor, the red jungle fowl, which nests once per year and typically lays six eggs per clutch.

"This is the earliest evidence for the loss of seasonal egg laying yet identified in the archaeological record," says Dr. Robert Spengler, leader of the Domestication and Anthropogenic Evolution research group and principal investigator on the study. "This is an important clue for better understanding the mutualistic relationships between humans and animals that resulted in domestication."

Taken together, the new study suggests an answer to the age-old riddle of the chicken and the egg. In Central Asia, evidence suggests that the ability to lay a multitude of eggs is what made the chicken the chicken we know today -- a global species of enormous economic importance. The authors hope that this study will demonstrate the potential of new, cost-effective methods and interdisciplinary collaboration to address long-standing questions about the past.
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Older trees help to protect an endangered species | ScienceDaily
The oldest trees in the forest help to prevent the disappearance of endangered species in the natural environment, according to a study led by the University of Barcelona. This is the case of the wolf lichen -- threatened throughout Europe -- , which now finds refuge in the oldest trees in the high mountains of the Pyrenees. This study reveals for the first time the decisive role of the oldest trees in the conservation of other living beings thanks to their characteristic and unique physiology.


						
Conserving the oldest trees in forests will be essential to protect biodiversity in forest ecosystems, which are increasingly affected by the impact of global change. This is stated on a new study published in the journal Proceedings of the National Academy of Sciences USA (PNAS). The study is signed by the experts Sergi Munne-Bosch and Ot Pasques, from the Faculty of Biology and the UB Biodiversity Research Institute (IRBio).

When old trees are life shelters

The wolf lichen (Letharia vulpina) is a species with a very limited distribution that is prevalent in mature forests and long-lived trees. Native to the American continent, it has also been found in Europe and the Iberian Peninsula, in medium and high mountain areas. Now, the authors have discovered that the presence of this lichen in the Pyrenees is associated with the longest-lived trees, specifically the black pine (Pinus uncinata).

"These old trees are found in the most isolated places, they grow on rocks with very little substrate and show unique characteristics regarding structure and composition. Specifically, the black pine can even live for more than a millennium, and its decay would be the most important factor facilitating the presence of the lichen," says Professor Sergi Munne-Bosch.

"Paradoxically, the worse off these trees are, the more useful they are for the ecosystem (lichen conservation). In other words, the less important they might seem as individuals because of their decline, the more important they are for the whole ecosystem," says Munne-Bosch, cited as one of the world's most influential experts in the Clarivate Analytics' 2023 list.

The best habitat for the survival of the lichen L. vulpina is the oldest trees in the forest, the authors note. "In the case of centenarian and millenarian trees, the simplicity of their development, the modular growth that allows them to respond better to injury and damage, and the high tolerance to extreme conditions (water stress, extreme temperatures, etc.) are factors that explain their great longevity in the natural environment," explains Ot Pasques, an expert from the UB's Department of Evolutionary Biology, Ecology and Environmental Sciences and IRBio.




"Trees have survival limits in extreme conditions, but they can survive with little water and nutrient resources. They are able to survive extreme conditions and live longer, thanks to modular growth and compartmentalisation of the damage that can affect them," says Munne-Bosch. "Slow growth, which is associated with stress responses -- such as the typical cold of high mountains or drought, which is increasingly frequent in the summer -- also favours the longevity of these trees.

The most majestic trees, threatened by the human footprint

Longevity is one of the biological keys that would explain the unique ecological functions of trees, which make it essential to protect species and older trees in the most isolated mountain regions. "All individuals of a population are indispensable not only for their particular population and species, but for the whole global ecosystem. Everything is closely interconnected, and even the decline and death of trees plays an essential role in conserving biodiversity and ecosystems," says Munne-Bosch.

These giants of the forest are threatened by the human footprint, especially the felling of trees. "Environmental conditions are not a problem for these trees, but unfortunately we as a species are. Only with a deep respect for nature and the life of other living beings can we preserve the extraordinary longevity of these trees. And as we have found in this study, this will also be decisive for the preservation of all biodiversity as we know it today," the researchers conclude.
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Biofilm-resistant glass for marine environments | ScienceDaily
A group of researchers led by University of Massachusetts Amherst engineers have created ultraviolet (UV) rays-emitting glass that can reduce 98% of biofilm from growing on surfaces in underwater environments, as reported in the journal Biofilm.


						
Biofilm is a slimy layer of various types of microorganisms that grows on wet surfaces. "If you look down your sink and touch the inner side of it -- that slimy substance is biofilm," describes Mariana Lanzarini-Lopes, assistant professor of civil and environmental engineering at UMass Amherst, and a corresponding author on the paper.

Biofilm is a significant issue for underwater applications. The United States Navy estimates that biofilms cost its fleet between $180 and $260 million annually. Biofilm growth on all underwater surfaces increases a ship's drag and subsequent fuel usage, as well as corrosion damage on ships or oceanographic equipment.

Biofilm can also fog up windows used for cameras and other sensing devices that rely on transparency, and transport non-native species across the seas.

Current solutions for dealing with biofilm rely on chemical agents like biocidal coatings to kill the organisms or nonstick coatings to prevent biofilms from attaching in the first place. However, these methods can have negative effects on the ecosystem and only last for a short duration.

As an alternative to these chemical methods the UMass Amherst team, with funding from the U.S. Office of Naval Research (ONR), developed biofilm-resistant glass using UVC radiation, the shortest and most effective at disinfecting wavelength of UV radiation. Lopes's lab has already demonstrated that UV side-emitting optical fiber can distribute UVC radiation in small channels, like medical equipment (i.e. endoscopes, catheters and respirators), home devices (coffee makers and refrigerators) and water storage/distribution systems (pipes, bladders, membranes) to inactivate pathogenic organisms and prevent bacteria growth on surfaces.

"A lot of people know about UV for disinfecting surfaces, air and water," says Lopes. "People started using it a lot more especially because it was really effective for disinfection of the SARS-CoV-2 virus."

However, in an underwater environment, it's not as simple as shining UV light onto glass. "We cannot use traditional light sources to distribute light evenly on the surface," for several reasons, says Leila Alidokht, postdoctoral research associate?in Lopes's lab and lead study author. Light becomes weaker as it moves away from the source, making it difficult to cover large surface areas. The UV waves can also be disrupted by how murky the surrounding water.




Uneven distribution of the UV light gives biofilm-forming microorganisms a foothold and leaves the whole surface vulnerable: "If the biofilm can attach to a part of the surface, it can spread to other parts," she adds.

The team's solution is a silica-nanoparticle coating on the glass. "The UV LED is connected from the cross-section of the glass," Alidokht describes. "As UV enters the glass, we scatter the UV from inside of the glass to the outside," using these light-scattering nanoparticles. The silica does not absorb the UV rays. The waves continue to bounce off the nanoparticles and through the glass interior which enables an evenly "glowing" glass surface.

To test it, the researchers, in partnership with Florida Tech and the Navy, submerged this UV-emitting glass in the waters of Port Canaveral, Florida for 20 days. Compared to untreated glass, this glass reduced visible biofilm growth by 98%.

"Contrary to external UV irradiation technique, UV-emitting glass inhibits biofilm formation directly at the surface of interest -- the surface itself serves as a UVC source," says Alidokht.

She is excited that this discovery opens the door for diverse disinfection applications. "The developed technology can be used for disinfection of transparent surfaces such as windows of ships, flotation spheres and moored buoys, camera lenses and sensors for oceanographical, agricultural and water treatment applications," she says.

The team has received a provisional patent for their discovery.

Now that the team has proven that this glass effectively resists biofilm formation (known as biofouling), they are excited to optimize their discovery: testing long-term applications, assessing any effects on the environment and creating larger surface areas.

Another future avenue of exploration: "We're also trying to prevent biofilm on camera lenses," adds Lopes. "The maininhibitor of the length of time for deployment [of underwater cameras] is biofouling, so as long as you can decrease the rate of biofouling, you can increase how long you deploy all this optical equipment."
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Chemistry researchers modify solar technology to produce a less harmful greenhouse gas | ScienceDaily
Researchers in the UNC-Chapel Hill Chemistry Department are using semiconductors to harvest and convert the sun's energy into high-energy compounds that have the potential to produce environmentally friendly fuels.


						
In the paper, "Methyl Termination of p-Type Silicon Enables Selective Photoelectrochemical CO2 Reduction by a Molecular Ruthenium Catalyst," published in ACS Energy Letters, the researchers explain how they use a process called methyl termination that uses a simple organic compound of one carbon atom bonded to three hydrogen atoms to modify the surface of silicon, an essential component in solar cells, to improve its performance in converting carbon dioxide into carbon monoxide using sunlight.

The research was supported by the Center for Hybrid Approaches in Solar Energy to Liquid Fuels (CHASE), an Energy Innovation Hub funded by the DOE Office of Science, and informed by a process called artificial photosynthesis, which mimics how plants use sunlight to convert carbon dioxide into energy-rich molecules. Carbon dioxide is a major greenhouse gas contributing to climate change. By converting it to carbon monoxide, which is a less harmful greenhouse gas and a building block for more complex fuels, the researchers said they can potentially mitigate the environmental impact of carbon dioxide emissions.

"One challenge with solar energy is that it's not always available when we have the highest need for it," said Gabriella Bein, the paper's first author and a Ph.D. student in chemistry. "Another challenge is that renewable electricity, like that from solar panels, doesn't directly provide the raw materials needed for making chemicals. Our goal is to store solar power in the form of liquid fuels that can be used later."

The researchers used a ruthenium molecular catalyst with a piece of chemically modified silicon, called a photoelectrode, that facilitated the conversion of carbon dioxide to carbon monoxide using light energy without producing unwanted byproducts, such as hydrogen gas, making the process more efficient for converting carbon dioxide into other substances.

Jillian Dempsey, a co-author of the paper and Bowman and Gordon Gray Distinguished Term Professor, said that when they ran experiments in a solution filled with carbon dioxide, they found that they could produce carbon monoxide at 87% efficiency, meaning the system using the modified silicon photoelectrodes is comparable or better than systems using traditional metal electrodes, such as gold or platinum.

In addition, the silicon photoelectrode used 460 millivolts less electrical energy to produce a reaction than one would have using only electricity. Dempsey called this significant, because the process uses direct light harvesting to supplement or offset the energy required to drive the chemical reaction that converts carbon dioxide into carbon monoxide.

"What's interesting is normally silicon surfaces make hydrogen gas instead of carbon monoxide, which makes it harder to produce it from carbon dioxide," said Dempsey, who is also deputy director of CHASE. "By using this special methyl-terminated silicon surface, we were able to avoid this problem. Modifying the silicon surface makes the process of converting CO2 into carbon monoxide more efficient and selective, which could be really useful for making liquid fuels from sunlight in the future."

Bein and Dempsey collaborated on the research with Professor Alexander Miller; Eric Assaf, a former graduate student in the department; Senior Research Scientist Renato Sampaio; Madison Stewart, an undergraduate chemistry major; and Senior Research Scientist Stephen Tereniak.

CHASE is made up of seven different institutions, headquartered at UNC-Chapel Hill, and received $40 million in funding from the Department of Energy in 2020 to accelerate fundamental research on ways to produce fuels from sunlight.
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Scientists link certain gut bacteria to lower heart disease risk | ScienceDaily
Changes in the gut microbiome have been implicated in a range of diseases including type 2 diabetes, obesity, and inflammatory bowel disease. Now, a team of researchers at the Broad Institute of MIT and Harvard along with Massachusetts General Hospital has found that microbes in the gut may affect cardiovascular disease as well. In a study published in Cell, the team has identified specific species of bacteria that consume cholesterol in the gut and may help lower cholesterol and heart disease risk in people.


						
Members of Ramnik Xavier's lab, Broad's Metabolomics Platform, and collaborators analyzed metabolites and microbial genomes from more than 1,400 participants in the Framingham Heart Study, a decades-long project focused on risk factors for cardiovascular disease. The team discovered that bacteria called Oscillibacter take up and metabolize cholesterol from their surroundings, and that people carrying higher levels of the microbe in their gut had lower levels of cholesterol. They also identified the mechanism the bacteria likely use to break down cholesterol. The results suggest that interventions that manipulate the microbiome in specific ways could one day help decrease cholesterol in people. The findings also lay the groundwork for more targeted investigations of how changes to the microbiome affect health and disease.

"Our research integrates findings from human subjects with experimental validation to ensure we achieve actionable mechanistic insight that will serve as starting points to improve cardiovascular health," said Xavier, who is a core institute member, director of the Immunology Program, and co-director of the Infectious Disease and Microbiome Program at the Broad. He is also a professor at Harvard Medical School and Massachusetts General Hospital.

Postdoctoral researcher Chenhao Li and research scientist Martin Strazar, both in Xavier's lab, were co-first authors on the study.

Cholesterol cues

In the past decade, other researchers have uncovered links between composition of the gut microbiome and elements of cardiovascular disease, such as a person's triglycerides and blood sugar levels after a meal. But scientists haven't been able to target those connections with therapies in part because they lack a complete understanding of metabolic pathways in the gut.

In the new study, the Broad team gained a more complete and detailed picture of the impact of gut microbes on metabolism. They combined shotgun metagenomic sequencing, which profiles all of the microbial DNA in a sample, with metabolomics, which measures the levels of hundreds of known and thousands of unknown metabolites. They used these tools to study stool samples from the Framingham Heart Study.




"The project outcomes underline the importance of high-quality, curated patient data," Strazar said. "That allowed us to note effects that are really subtle and hard to measure and directly follow up on them."

The approach uncovered more than 16,000 associations between microbes and metabolic traits, including one that was particularly strong: People with several species of bacteria from the Oscillibacter genus had lower cholesterol levels than those who lacked the bacteria. The researchers found that species in the Oscillibacter genus were surprisingly abundant in the gut, representing on average 1 in every 100 bacteria.

The researchers then wanted to figure out the biochemical pathway the microbes use to break down cholesterol. To do this, they first needed to grow the organism in the lab. Fortunately, the lab has spent years collecting bacteria from stool samples to create a unique library that also included Oscillibacter.

After successfully growing the bacteria, the team used mass spectrometry to identify the most likely byproducts of cholesterol metabolism in the bacteria. This allowed them to determine the pathways the bacteria uses to lower cholesterol levels. They found that the bacteria converted cholesterol into intermediate products that can then be broken down by other bacteria and excreted from the body. Next, the team used machine-learning models to identify the candidate enzymes responsible for this biochemical conversion, and then detected those enzymes and cholesterol breakdown products specifically in certain Oscillibacter in the lab.

The team found another gut bacterial species, Eubacterium coprostanoligenes, that also contributes to decreased cholesterol levels. This species carries a gene that the scientists had previously shown is involved in cholesterol metabolism. In the new work, the team discovered that Eubacterium might have a synergistic effect with Oscillibacter on cholesterol levels, which suggests that new experiments that study combinations of bacterial species could help shed light on how different microbial communities interact to affect human health.

Microbial messages

The vast majority of genes in the human gut microbiome remains uncharacterized, but the team is confident that their success in pinpointing cholesterol-metabolizing enzymes paves the way for the discovery of other similar metabolic pathways impacted by gut microbes, which could be targeted therapeutically.




"There are many clinical studies trying to do fecal microbiome transfer studies without much understanding of how the microbes interact with each other and the gut," Li said. "Hopefully stepping back by focusing on one particular bug or gene first, we'll get a systematic understanding of gut ecology and come up with better therapeutic strategies like targeting one or a few bugs."

"Because of the large number of genes of unknown function in the gut microbiome, there are gaps in our ability to predict metabolic functions," Li added. "Our work highlights the possibility that additional sterol metabolism pathways may be modified by gut microbes. There are potentially a lot of new discoveries to be made that will bring us closer to a mechanistic understanding of how microbes interact with the host."

Funding: This work was supported by the National Institutes of Health.
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Gloom and doom warnings about climate change do not work | ScienceDaily
If you want to spread a message about climate change and global warming, you need to adapt the message according to your intended audience and what you want to achieve.


						
Researchers have now developed an app to help people who want to spread their message on climate issues to ensure they generate the most support possible -- be they researchers, politicians, various decision makers or legislators.

Huge survey involving 63 countries

59,000 people participated in surveys as part of the work on creating the app, and Norway was among the 63 countries involved. (You can read about what works best in Norway later in the article)

"The research team created this app that can help raise climate awareness and climate action globally. It is important to highlight messages that research shows are effective," says Isabel Richter, Associate Professor at the Norwegian University of Science and Technology (NTNU's) Department of Psychology.

In total, nearly 250 researchers were involved in the work of testing out different climate messages and tactics. Richter was part of the research team along with colleagues Senior Researcher Stepan Vesely and Professor Christian Klockner, also from NTNU's Department of Psychology.

Previous studies have concentrated on checking attitudes towards individual measures. These might include recycling, use of public transport and energy-saving measures in the home. However, this study looked at a number of different variations. It also received answers from people all around the world, and not only Western, industrialised countries.




The researchers collected data between July 2022 and May 2023, so the figures are very recent. Both the app and the method behind it have now been presented in the Science Advances journal.

Multiple variations

The researchers exposed people to different variations of climate messages and tasks related to climate change. They then investigated their attitudes towards the different climate measures and other types of responses.

To measure how effective the methods were, they checked how willing the participants were to support different points of view and measures regarding climate change. For example, participants were asked whether they saw climate change as a serious threat, whether they supported a carbon tax on fossil energy, or whether they would plant trees themselves as part of the solution.

The researchers also tested whether participants were willing to share messages on social media, such as eating less meat in order to mitigate climate change.

Here are some of the results:
    	INTIMIDATION: "Climate change poses a serious threat to humanity." 

All tactics increased the likelihood of people sharing the climate message on social media, and this doom and gloom messaging style was most effective, at least globally. However, sharing requires little effort from the person doing it. In some countries, scare tactics reduce support for reforestation, a real measure that requires more effort but may work. Scare tactics also reinforced the negative attitudes of people who are already climate sceptics.
    	KNOWLEDGE: "99% of climate experts believe the planet is getting warmer and that climate change is primarily due to human activity." 




Some messages produce different results in different countries. This message, which appeals to the recipient's sense of knowledge, increased support for climate measures in Romania by 9 per cent. In Canada, however, it reduced support by 5 per cent.
    	EMOTIONS: Writing a letter to a child who is close to you about the climate measures we are taking today to make the planet a liveable place in 2055.

This tactic increased support for climate measures in Nigeria, Russia, Ghana, Brazil and the United States by between 5 and 10 per cent. However, in countries such as India, Serbia and the United Arab Emirates, it had little effect, or even reduced support slightly.

Other variations the researchers tested included presenting climate measures that have already been successfully implemented in the past, or portraying climate measures as patriotic or popular choices. Participants were also asked to imagine writing a letter to their future self telling them what type of climate measures they should have taken.

86 per cent believe climate change is a threat

Attitudes varied widely from country to country and depended on both demographics and beliefs. The researchers also divided people into groups according to their nationality, political ideology, age, gender, education, and income.

The results showed that 86 per cent of the participants believed that climate change poses a threat.

More than 70 per cent were supporters of systematic and collective measures to address climate change.

No point in using scare tactics in Norway

Gloom and doom messages about climate change do not work in Norway.

"Writing a letter to future generations is most effective in increasing political support for climate measures, and in increasing the belief that climate change is a problem. The second most effective measure is to say that almost all climate experts agree," Klockner said.

Dire warnings and writing a letter to your future self were the least effective measures in Norway.

"All the alternatives made people in Norway less inclined to share a climate message on social media," adds Richter. In other words, in complete contrast to the results seen globally.

However, people in Norway are quite eager to do something themselves, like planting trees. Here, it is most effective to focus on moral responsibility, the fact that many people acknowledge that climate change is a problem, and also that there is consensus among climate experts.

"The way that I choose to interpret it is that people in Norway like to do something concrete instead of just sharing things on social media," says Associate Professor Richter.

Researchers from New York University and the University of Vienna led the study, but NTNU's contribution was also significant.

"We were involved from the very beginning, developing possible interventions. We assessed intervention proposals from other partners, improved them in collaboration with the group and helped determine which interventions should actually be implemented," says Vesely.

Vesely and Klockner led and funded the collection of data in Norway.

Richter has good contacts in a number of African countries, the involvement of which is not always that easy to get in these types of studies. Among other things, she co-funded and participated in the collection of data from Kenya in particular.

Approximately 50 per cent of the Norwegian funding came from the Norwegian School of Economics (NHH). NHH also organised data collection through Ipsos.

Messages need to be adapted

Some activists believe that scare tactics are precisely what is needed in order for people to take action themselves. Others are of the opinion that it is depressing, demoralising and counterproductive. The study supports both of these hypotheses, but it depends on what you want to achieve.

Scare tactics work if your main focus is on getting people to post about their support on social media, but the venting of anger and frustration on Facebook, TikTok or X doesn't necessarily help the environment. If you want to gather support for things that may actually work, you need to use other means.

It is quite easy to get people to do things that do not require much effort, such as sharing a message on social media.

"Sharing something on social media can in itself feel like taking action. People may feel like 'Now that I have done something, I can get on with my life'. This is behaviour with a very low threshold," says Associate Professor Richter.

However, based on the results from around the world, none of the methods made people more willing to plant more trees for the sake of the environment -- a measure that means people have to put an effort in themselves.

"The findings show that spreading a climate message depends on people's attitudes towards climate change in the first place. Legislators and campaigners must adapt their messaging to the public," says Madalina Vlasceanu, Assistant Professor at New York University and one of the people who led the research project.
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Infant gut microbes have their own circadian rhythm, and diet has little impact on how the microbiome assembles | ScienceDaily
Infant gut microbiomes oscillate with a circadian rhythm, even when they are cultivated outside of the body. Researchers report April 2 in the journal Cell Host & Microbe that the rhythm is detectable as early as 2 weeks after birth but becomes more pronounced with age. The finding comes from a randomized controlled trial that also showed that diet has less impact on the development and composition of the infant microbiome than previously thought.


						
"We found that even at very early ages of colonization, the microbial ecosystem develops this circadian rhythmicity," says senior author and microbiome expert Dirk Haller of the Technical University of Munich. "We have shown these rhythms before in adults, but we were not sure when these mechanisms first appear."

While diet had only a marginal impact on infant microbiome development, the researchers showed that age plays a more important role.

"Diet matters, but less than aging of the gut," says Haller. "When we compared breastfed and formula-fed infants, the differences in microbiome colonization were marginal. Our intestinal system is probably a little bit more flexible in adapting to what the environment has to offer."

The researchers used a randomized controlled trial to compare microbiome development in infants that were exclusively breastfed with infants who received different types of formula -- un-supplemented formula; formula containing breast-milk-derived bacteria (Bifidobacteria); formula containing breast-milk-mimicking sugars (galacto-oligosaccharides, GOSs); or formula containing both Bifidobacteria and GOSs. Altogether, the trial included 210 infants.

To longitudinally track the infants' microbiomes, the team sampled the infants' stools when they were 0.5 months, 1 month, 3 months, 7 months, and 12 months of age as well as at 24 months for a subset of the infants. They also kept note of the time of day that the stool sample was collected.

The researchers found that diet had little impact on infant growth or the differences in the infants' microbiomes. Though there was a lot of variation, all of the infants showed a gradual increase in gut microbe diversity, and at 24 months there was no observable difference between the groups. When they compared the different types of formula, they found that GOS-supplemented infant formula was more effective at promoting sustained levels of Bifidobacteria compared to formula containing Bifidobacteria.




However, there was a significant difference in the gut metabolite profile between exclusively breastfed and formula-fed infants. "The metabolite environment in the gut is dramatically different between a baby that is exclusively breastfed and babies that receive infant formula, which could have a fundamental impact on metabolic priming and many downstream effects," says Haller. "We can conclude that breast milk does something completely different in the metabolism in in the infant's intestine."

The researchers also observed rhythmic 24-hour fluctuations in the abundance of different microbiome species. When they took infant microbes and grew them in continuous culture in the lab, the bacteria settled into the same circadian rhythm -- even in the absence of external light or host cues. Though circadian rhythms have been previously observed in adult microbiomes, this is the first evidence that bacteria maintain these rhythms independently.

"When we take them out, they maintain these daytime-related diurnal oscillations," Haller says. "This is fairly surprising because it suggests that the bacteria have some intrinsic mechanism that provides some sort of adaptation to a day and night cycle, which could potentially give them an advantage in colonizing the human intestine."

The researchers plan to further investigate microbiome circadian rhythms in future studies. Specifically, they want to examine whether individual bacterial species maintain rhythms when grown in isolation rather than in complex communities and to search for the genes that control these rhythms.

"For us, the next question is can we identify mechanisms in bacteria that control their circadian behavior," says Haller.
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Golfers' risk from pesticides used on turfgrass is likely low | ScienceDaily
For many, spring heralds fresh air and exercise on the golf course. But do players risk exposure to unsafe levels of pesticides used to beautify and maintain a golf course's green grass? To find out, researchers asked volunteers to play 18 holes on a simulated course sprayed with common pesticides. They report the results in ACS Agricultural Science & Technology, saying there is likely limited cause for concern over toxic exposure from pesticide-treated turf.


						
There are plenty of studies on pesticide exposure among people who tend and harvest crops grown in treated environments. But John M. Clark and colleagues couldn't find much comparable information about individuals who play sports, including soccer and golf, in the great outdoors. So, his team designed a study to investigate golfers' potential risks from four pesticides, which have low volatilities and relatively low toxicities for humans, and are commonly used on golf course turfgrass: cyfluthrin (insecticide), chlorothalonil (fungicide), MCPP-p (herbicide) and 2,4-D (herbicide).

For the study, the researchers created what they deemed a "worst-case-scenario" 18-hole course: All areas of a simulated golf course were treated with the manufacturers' suggested maximum amount of all four pesticides. Then they recruited eight volunteer golfers to play a full round on the treated turf one hour after pesticide application and to remain on the course for four hours. To measure pesticide exposure, four of the volunteers wore cotton full-body suits with veils, socks and gloves that would pick up contact residues and personal air samplers that would capture airborne residues. The other four volunteers wore cut-off cotton suits over their own golfing clothes and submitted urine samples after the round.

After the volunteers finished golfing, Clark's team measured pesticide residues on the dosimetry suits and air samplers and found that the hand and lower leg segments picked up the most residue while airborne residues contributed little to exposure. The researchers also measured the volunteers' exposure risk from the levels of pesticides found on the suits and in the urine samples by calculating the hazard quotient (HQ). The team found that the HQ values from the golfers' exposure indicated little risk to the four pesticides used in this study.

Finally, Clark and colleagues compared the insecticide cyfluthrin results to their 2008 Journal of Agricultural and Food Chemistry study with older, neurotoxic insecticides at the same simulated golf course site -- and using the same protocols. Both studies' HQ values were well below 1.0, the level that indicates potentially unsafe exposure. However, in the prior work, the volunteers' urinalysis HQ values of 0.0318 and 0.054 for chlorpyrifos and carbaryl, respectively, were an order of magnitude greater than the volunteers' urinalysis HQ of 0.0043 from this 2024 study with the insecticide cyfluthrin. The researchers say this comparison shows the potential benefit of using modern, lower volatility and less toxic pesticides, which could further reduce golfers' risk of adverse effects from exposure.

The authors acknowledge funding from the United States Golf Association and the New England Regional Turf Foundation. 
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We've had bird evolution all wrong | ScienceDaily
An enormous meteor spelled doom for most dinosaurs 65 million years ago. But not all. In the aftermath of the extinction event, birds -- technically dinosaurs themselves -- flourished.


						
Scientists have spent centuries trying to organize and sort some 10,000 species of birds into one clear family tree to understand how the last surviving dinosaurs filled the skies. Cheap DNA sequencing should have made this simple, as it has for countless other species.

But birds were prepared to deceive us.

In a pair of new research papers released today, April 1, scientists reveal that another event 65 million years ago misled them about the true family history of birds. They discovered that a section of one chromosome spent millions of years frozen in time, and it refused to mix together with nearby DNA as it should have.

This section, just two percent of the bird genome, convinced scientists that most birds could be grouped into two major categories, with flamingos and doves as evolutionary cousins. The more accurate family tree, which accounts for the misleading section of the genome, identifies four main groups and identifies flamingos and doves as more distantly related.

"My lab has been chipping away at this problem of bird evolution for longer than I want to think about," said Edward Braun, Ph.D., the senior author of the paper published in the Proceedings of the National Academy of Sciences and a professor of biology at the University of Florida. "We had no idea there would be a big chunk of the genome that behaved unusually. We kind of stumbled onto it."

Braun supervised an international team of collaborators led by Siavash Mirarab, a professor of computer engineering at the University of California San Diego, to publish their evidence that this sticky chunk of DNA muddied the true history of bird evolution. Mirarab and Braun also contributed to a companion paper published in Nature that outlines the updated bird family tree, which was led by Josefin Stiller at the University of Copenhagen.




Both papers are part of the B10K avian genomics project led by Guojie Zhang of Zhejiang University, Erich Jarvis of Rockefeller University, and Tom Gilbert of the University of Copenhagen.

Ten years ago, Braun and his collaborators pieced together a family tree for the Neoaves, a group that includes the vast majority of bird species. Based on the genomes of 48 species, they split the Neoaves into two big categories: doves and flamingos in one group, all the rest in the other. When repeating a similar analysis this year using 363 species, a different family tree emerged that split up doves and flamingos into two distinct groups.

With two mutually exclusive family trees in hand, the scientists went hunting for explanations that could tell them which tree was correct.

"When we looked at the individual genes and what tree they supported, all of a sudden it popped out that all the genes that support the older tree, they're all in one spot. That's what started the whole thing," Braun said.

Investigating this spot, Braun's team noticed it was not as mixed together as it should have been over millions of years of sexual reproduction. Like humans, birds combine genes from a father and a mother into the next generation. But birds and humans alike first mix the genes they inherited from their parents when creating sperm and eggs. This process is called recombination, and it maximizes a species' genetic diversity by making sure no two siblings are quite the same.

Braun's team found evidence that one section of one bird chromosome had suppressed this recombination process for a few million years around the time the dinosaurs disappeared. Whether the extinction event and the genomic anomalies are related is unclear.




The result was that the flamingos and doves looked similar to one another in this chunk of frozen DNA. But taking into account the full genome, it became clear that the two groups are more distantly related. "What's surprising is that this period of suppressed recombination could mislead the analysis," Braun said. "And because it could mislead the analysis, it was actually detectable more than 60 million years in the future. That's the cool part."

Such a mystery could be lurking in the genomes of other organisms as well.

"We discovered this misleading region in birds because we put a lot of energy into sequencing birds' genomes," Braun said. "I think there are cases like this out there for other species that are just not known right now."

This work was supported in part by the National Science Foundation.
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Computational tools fuel reconstruction of new and improved bird family tree | ScienceDaily
Using cutting-edge computational methods and supercomputing infrastructure at UC San Diego, researchers have built the largest and most detailed bird family tree to date -- an intricate chart delineating 93 million years of evolutionary relationships between 363 bird species, representing 92% of all bird families. The updated tree reveals sharp increases in effective population size, substitution rates and relative brain size in early birds in the aftermath of the mass extinction event that wiped out the dinosaurs 66 million years ago. And by closely examining one of the branches of this tree, researchers found that flamingos and doves are more distantly related than previous genome-wide analyses had shown.


						
An international team of scientists has built the largest and most detailed bird family tree to date -- an intricate chart delineating 93 million years of evolutionary relationships between 363 bird species, representing 92% of all bird families.

The advance was made possible in large part thanks to cutting-edge computational methods developed by engineers at the University of California San Diego, combined with the university's state-of-the-art supercomputing resources at the San Diego Supercomputer Center. These technologies have enabled researchers to analyze vast amounts of genomic data with high accuracy and speed, laying the groundwork for the construction of the most comprehensive bird family tree ever assembled.

The advance is detailed in two complementary papers published on April 1 in Nature and the Proceedings of the National Academy of Sciences (PNAS). The updated family tree, reported in Nature, revealed patterns in the evolutionary history of birds following the cataclysmic mass extinction event that wiped out the dinosaurs 66 million years ago. Researchers observed sharp increases in effective population size, substitution rates and relative brain size in early birds, shedding new light on the adaptive mechanisms that drove avian diversification in the aftermath of this pivotal event. In the companion paper published in PNAS, researchers closely examined one of the branches of the new family tree and found that flamingos and doves are more distantly related than previous genome-wide analyses had shown.

The work is part of the Bird 10,000 Genomes (B10K) Project, a multi-institutional effort led by University of Copenhagen, Zhejiang University and UC San Diego that aims to generate draft genome sequences for about 10,500 extant bird species.

"Our goal is to reconstruct the entire evolutionary history of all birds," said Siavash Mirarab, professor of electrical and computer engineering at the UC San Diego Jacobs School of Engineering, who is a co-senior author on the Nature paper, as well as first and co-corresponding author on the PNAS paper.

Piecing together the past

At the heart of these studies lies a suite of algorithms known as ASTRAL, which Mirarab's lab developed to infer evolutionary relationships with unprecedented scalability, accuracy and speed. By harnessing the power of these algorithms, the team integrated genomic data from over 60,000 genomic regions, providing a robust statistical foundation for their analyses. The researchers then examined the evolutionary history of individual segments across the genome. From there, they pieced together a mosaic of gene trees, which were then compiled into a comprehensive species tree. This meticulous approach enabled the researchers to construct a new and improved bird family tree that delineates complex branching events with remarkable precision and detail, even in cases of historical uncertainty.




"We found that our method of adding tens of thousands of genes to our analysis was actually necessary to resolve evolutionary relationships between bird species," said Mirarab. "You really need all that genomic data to recover what happened in this certain period of time 65-67 million years ago with high confidence."

The team's ability to conduct these analyses on massive datasets was made possible because Mirarab's lab designed their computational methods to run on powerful GPU machines. They ran their calculations on the Expanse supercomputer at the San Diego Supercomputer at UC San Diego.

"We were fortunate to have access to such a high-end supercomputer," said Mirarab. "Without Expanse, we would not have been able to run and rerun our analyses on such large datasets in a reasonable amount of time."

The researchers also looked at the effects of different genome sampling methods on the accuracy of the tree. They showed that two strategies -- sequencing many genes from each species, as well as sequencing many species -- combined together are important for reconstructing this evolutionary history.

"Because we used a mixture of both strategies, we could test which approach has stronger impacts on phylogenetic reconstruction," said Josefin Stiller, professor of biology at the University of Copenhagen and lead author of the Nature paper. "We found that it was more important to sample many genetic sequences from each organism than it was to sample from a broader range of species, although the latter method helped us to date when different groups evolved."

Correcting the past

With the aid of their advanced computational methods, the researchers were also able to shed light on something unusual that they had discovered in one of their previous studies: a particular section of one chromosome in the bird genome had remained unchanged for millions of years, void of the expected patterns of genetic recombination.




This anomaly initially led the researchers to incorrectly group flamingos and doves together as evolutionary cousins, for they appeared closely related based on this unchanged section of DNA. That's because their previous analysis was based on the genomes of 48 bird species. But by repeating their analysis using the genomes of 363 species, a more accurate family tree emerged that moved doves further from flamingos. Moreover, using six high-quality genomes provided by the Vertebrate Genome Project (VGP) -- led by co-author Erich Jarvis, a professor of neurobiology at Rockefeller University -- Mirarab and colleagues were able to detect and putatively explain this surprising pattern.

"What's surprising is that this period of suppressed recombination could mislead the analysis," said Edward Braun, professor of biology at the University of Florida and co-corresponding author of the PNAS paper. "And because it could mislead the analysis, it was actually detectable more than 60 million years in the future. That's the cool part."

Next steps

The impact of this work extends far beyond studying the evolutionary history of birds. The computational methods pioneered by Mirarab's lab have become one of the standard tools for reconstructing evolutionary trees for a variety of other animals.

Moving forward, the team is continuing their efforts to construct a complete picture of bird evolution. Biologists are working on sequencing the genomes of additional bird species in the hopes of expanding the family tree to include thousands of bird genera. Meanwhile, computational scientists led by Mirarab are refining their algorithms to accommodate even larger datasets to ensure that analyses in future studies are conducted with high speed and accuracy.
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Engineers 'symphonize' cleaner ammonia production | ScienceDaily
Among the many chemicals we use every day, ammonia is one of the worst for the atmosphere. The nitrogen-based chemical used in fertilizer, dyes, explosives and many other products ranks second only to cement in terms of carbon emissions, due to the high temperatures and energy needed to manufacture it.


						
But by improving on a well-known electrochemical reaction and orchestrating a "symphony" of lithium, nitrogen and hydrogen atoms, University of Illinois Chicago engineers led by Meenesh Singhhave developed a new ammonia production processthat meets several green targets.

The process, called lithium-mediated ammonia synthesis, combines nitrogen gas and a hydrogen-donating fluid such as ethanol with a charged lithium electrode. Instead of cracking apart nitrogen gas molecules with high temperature and pressure, nitrogen atoms stick to the lithium, then combine with hydrogen to make the ammonia molecule.

The reaction works at low temperatures, and it's also regenerative, restoring the original materials with each cycle of ammonia production.

"There are two loops that happen. One is regeneration of the hydrogen source and second is the regeneration of the lithium," said Singh, associate professor of chemical engineering at UIC. "There is a symphony in this reaction, due to the cyclic process. What we did was understand this symphony in a better way and try to modulate it in a very efficient way, so that we can create a resonance and make it move faster."

The process, described in a paper published and featured on the cover of ACS Applied Materials & Interfaces, is the latest innovation from Singh's lab in the quest for cleaner ammonia. Previously, his group developed methods to synthesize the chemical using sunlight and wastewater and created an electrified copper mesh screen that reduces the amount of energy needed to make ammonia.

Their latest advance is built on a reaction that is hardly new. Scientists have known about it for nearly a century.




"The lithium-based approach can actually be found in any organic chemistry textbook. It's very well-known" Singh said. "But making this cycle run efficiently and selectively enough to meet economically feasible targets was our contribution."

Those targets include high energy efficiency and low cost. If scaled up, the process would produce ammonia at roughly $450 per ton, which is 60% cheaper than prior lithium-based approaches and other proposed green methods, according to Singh.

But selectivity is also important, as many attempts to make ammonia production cleaner have ended up creating large quantities of unwanted hydrogen gas instead.

The Singh group's results are among the first to achieve levels of selectivity and energy use that could meet Department of Energy standards for industrial-scale production of ammonia. Singh also said the process, which can be performed in a modular reactor, can be made even greener by powering it with electricity from solar panels or other renewable sources and feeding the reaction with air and water.

The process also could help meet another energy goal -- the use of hydrogen as fuel. Reaching that goal has been stymied by the difficulties of transporting the highly combustible liquid.

"You want hydrogen to be generated, transported and delivered to hydrogen pumping stations, where hydrogen can be fed to the cars. But it's very dangerous," Singh said. "Ammonia could function as a carrier of hydrogen. It's very cheap and safe to transport, and at the destination you can convert ammonia back to hydrogen."

Currently, the scientists are partnering with the General Ammonia Co. to pilot and scale up their lithium-mediated ammonia synthesis process at a plant in the Chicago area. UIC's Office of Technology Management has filed a patent for the process.

The research was funded by grants from General Ammonia Co. Co-authors of the paper are Nishithan C. Kani and Ishita Goyal of UIC, Joseph A. Gauthier of Texas Tech University and Windom Shields and Mitchell Shields of General Ammonia Co.
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Melting glaciers in a warmer climate provide new ground for invasive species | ScienceDaily
Invasive species have rapidly colonised new ground exposed by melting glaciers in the sub-Antarctic island of South Georgia, according to new research.


						
Invasive species brought to new territories through human activities are one of the main causes of the ongoing biodiversity crisis. Even on South Georgia, a remote island located in the very south of the Atlantic Ocean, exotic species are present.

In a new study published in the open access journal Neobiota and funded by Darwin Plus, the researchers Pierre Tichit (Durham University, now Swedish Agricultural University), Paul Brickle (South Atlantic Environmental Research Institute), Rosemary Newton (Royal Botanic Gardens, Kew), Peter Convey (British Antarctic Survey) and Wayne Dawson (Durham University, now University of Liverpool) look at how living organisms colonise new ground provided by melting glaciers on the British overseas territory.

Many were inadvertently introduced by whalers and sealers in the 19th and early 20th centuries. Like other cold regions of the world, South Georgia has another problem: many of its glaciers are melting at a fast pace because of climate change, leaving behind large areas of newly uncovered bare ground.

The authors surveyed the forelands biodiversity of six glaciers by counting plants, turning rocks, laying traps and using sweep nets, enabling an inventory of the flora and fauna that colonises forelands at different stages of their retreat.

Their results indicate that invasive species will likely spread on South Georgia as fast as glaciers are retreating. Whether this has or will have negative consequences on local species needs to be investigated to help protect this unique ecosystem.

Just a few years after bare ground is exposed by glacier melting, pioneer plants arrive, progressively covering more ground with time and followed by an increasing number of species. The study discovered that not only native, but also exotic plants and invertebrates, are taking advantage of this opportunity. Even more surprising, two temperate plant species from the Northern Hemisphere, annual meadow grass and mouse-ear chickweed, colonised sites faster than any other species.

Scientific expeditions to such an isolated and inhospitable island are challenging. The crossing from the Falkland Islands to reach South Georgia takes several days on a notoriously temperamental ocean. Once on the island, most glaciers are only accessible with small boats followed by hikes through difficult terrain.
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Simple equations clarify cloud climate conundrum | ScienceDaily
New analysis based on simple equations has reduced uncertainty about how clouds will affect future climate change.


						
Clouds have two main effects on global temperature -- cooling the planet by reflecting sunlight, and warming it by acting as insulation for Earth's radiation.

The impact of clouds is the largest area of uncertainty in global warming predictions.

In the new study, researchers from the University of Exeter and the Laboratoire de Meteorologie Dynamique in Paris created a model that predicts how changes in the surface area of anvil clouds (storm clouds common in the tropics) will affect global warming.

By testing their model against observations of how clouds impact warming in the present day, they confirmed its effectiveness and thereby reduced uncertainty in climate predictions.

The model shows that changes in the area of anvil clouds have a much weaker impact on global warming than previously thought.

However, the brightness of clouds (determined by their thickness) remains understudied, and is therefore one of the largest obstacles to predicting future global warming.




"Climate change is complex, but sometimes we can answer key questions in a very simple way," said lead author Brett McKim.

"In this case, we simplified clouds into basic characteristics: either high or low, their size and the temperature.

"Doing this allowed us to write equations and create a model that could be tested against observed clouds.

"Our results more than halve uncertainty about the impact of the surface area of anvil clouds on warming.

"That's a big step -- potentially equivalent to several years' difference in when we expect to reach thresholds such as the 2degC limit set by the Paris Agreement.

"We now need to investigate how warming will affect the brightness of clouds. That's the next stage of our research."

McKim's work at Laboratoire de Meteorologie Dynamique was supported by a Fulbright Scholarship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240401142524.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Canada lynx historic range in US likely wider than previously thought | ScienceDaily
A broader past could mean a brighter future for Canada lynx in the U.S., according to recent research.


						
The study, published in the journal Biological Conservation, indicates that lynx might do well in the future in parts of Utah, central Idaho and the Yellowstone National Park region, even considering climate change and the lack of lynx in those areas now.

Using a model validated by historic records, researchers first found that in 1900, Canada lynx had more suitable habitat in the U.S. than the few northern corners of the country where they are found currently. The study showed the elusive big cat likely roamed over a larger area in the Pacific Northwest, Rocky Mountains, Great Lakes region and parts of New England.

"History matters even for wildlife," said lead author Dan Thornton, a Washington State University wildlife ecologist. "As part of the criteria for species recovery, we have to understand their historic distribution. Otherwise, how can we help recover a species, if we don't know what we're recovering to?"

Having a more accurate picture of a species' past can also help avoid an effect known as "shifting baseline syndrome," Thornton added, which is a gradual change in what people accept as normal for the environment, or specifically in this case, a species' habitat.

True to their name, Canada lynx are still abundant in Canada, but in the U.S. their numbers have dwindled. Currently, they are only found in limited, northern portions of Washington, Idaho, Montana, Minnesota and Maine. So far, recovery plans for lynx have been based on assumptions that they were never found much beyond these areas in the U.S., although a small population was successfully re-introduced to the Colorado Rockies in 1999.

This study, which has conservation implications for not only lynx but other threatened species, proposes one new way of estimating a species' historic range, using modelling of suitable habitat validated by historical records.




Thornton and co-author Dennis Murray of Trent University in Canada created the model using factors to determine lynx's suitable habitat like temperature, precipitation and land use in the last 40 years. They ran that model back in time to 1900 using historic climate and land use data to discover the possible past range, which they validated using records of lynx from museums as well as hunters and trappers who have prized the big cat for its fur.

The researchers then used the model to project suitable habitat into the future of 2050 and 2070. Even when accounting for climate change effects, they found areas that could be good for lynx that fall outside the species' current range but likely within historically occupied areas: namely in central Idaho, northern Utah and the area in, and around, Yellowstone National Park. Whether or not these areas could support viable lynx populations now or in the future would require additional research, the authors noted.

Conserving lynx as a key predator is important for maintaining the integrity of forest ecosystems, the authors contend, and lynx are an iconic species in the mountains of the Pacific Northwest.

The researchers also hope that this approach to estimating historic range could help inform conservation efforts for other species.

"Thinking about historic range is really important. It's also quite difficult because we often have limited data on where species were in the past," Thornton said. "But there are potential ways to go about addressing that, and we wanted to provide one possible approach in this paper."

This research received support from the U.S. Department of Agriculture's National Institute of Food and Agriculture.
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Machine learning provides a new picture of the great gray owl | ScienceDaily
The great gray owl has long been thought of as a sentinel of the Alaska wilderness, keeping watch over snow-laden forests as far north as the Brooks Range, well away from human populations.


						
In a study published last week with Nature Scientific Reports, a team of University of Alaska Fairbanks researchers upends the notion that the iconic bird -- known as the phantom of the North -- lives far from cities, towns and other markers of human density.

"We like to think of our wildlife, especially in Alaska, as existing in pristine wilderness untouched by humans," said Falk Huettmann, professor of wildlife and ecology at the Institute of Arctic Biology. "Our computer modeling using open access data has shown that these owls actually congregate in much more populated areas near human-made structures."

A lack of scientific data has contributed to the myth that the birds are elusive and shrouded in mystery. Their Latin name, Strix nebulosa, plays upon an association with witchcraft. Strix means to utter shrill sounds, and nebulosa means misty or fog.

"This isn't the last word on species-habitat associations, but it does provide a much more holistic representation of where these owls live and in what kinds of environments," Huettmann said. "I think we are seeing that it's not scientifically accurate to hang onto these traditional narratives and myths that are perpetuated about wildlife."

The study was conducted using artificial intelligence modeling that was given over 100 predictors -- environmental variables for specific locations such as days of freezing per year and distance to human footprints like cities, towns, runways, roads and even the trans-Alaska oil pipeline. Combined with citizen science-sourced, publicly available biodiversity databases, the modeling identified the most suitable habitats of the owl.

The unprecedented number of data inputs required equally large amounts of computing power, which was provided by an Oracle-based supercomputing platform.




The software used in the study could also be useful in modeling other animal populations, many of which remain unquantified or even unknown, Huettman said.

"This is the first time a computer modeling system has been used to do this specific kind of predicting because we simply lacked the computing power," said Huettmann, who also has an appointment in the College of Natural Science and Mathematics.

Huettmann and his team used the software Random Forest, a commonly used machine-learning algorithm, to make inferences from the predictors. The computer model was trained using data sets from the Global Biodiversity Information Facility, a digital network and data infrastructure based in Copenhagen, Denmark. Other data came from eBird.org, various local and national birdwatching email lists, iNaturalist.org and the Federal Aviation Administration's bird strike records.

The research was funded by an Oracle computing grant and was supported by the University of Alaska Fairbanks, the Institute of Arctic Biology and the lab at eWhale.

Great grays are among the tallest owls. They live across central Alaska and Canada, as well as parts of the northwestern and central Lower 48. Outside North America, the owls live in Siberia, the Russian Far East, Lithuania, Kazakhstan, Mongolia, Manchuria and northeastern China.
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        Climate change impacts terrorist activity
        Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.

      

      
        Research shows direct link between state income taxes and migration
        A new study looks at 110 years of income tax history across the U.S. and notes out-migration by wealthy Americans.

      

      
        Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke
        Global life expectancy increased by 6.2 years since 1990, according to a new study. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations.

      

      
        For mining in arid regions to be responsible, we must change how we think about water
        In an unprecedented study of the South American 'Lithium Triangle,' hydrologists discover that not all water responds the same way to environmental change and human use.

      

      
        Talking politics with strangers isn't as awful as you'd expect, research suggests
        Individuals underestimate the social connection they can make with a stranger who disagrees with them on contentious issues, a new research paper suggests.

      

      
        Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later
        The hours you work earlier in life may be associated with worse health years later, according to a new study.

      

      
        Exploring the effect of the presence of familiar people in interpersonal space
        Researchers investigate the influence of social relationships on our bodily responses to the presence of other persons in the interpersonal space.

      

      
        Testing environmental water to monitor COVID-19 spread in unsheltered encampments
        To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen v...

      

      
        Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds
        Researchers studied six cities, finding that nighttime gunshots were particularly prevalent in low-income neighborhoods. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them.

      

      
        Are universities connected to local sustainability? A new study suggests yes...and no.
        A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.

      

      
        Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine
        New evidence from a spaceborne-monitoring team indicates that the Ukrainian Kakhovka Dam, which collapsed early into the Russian invasion, may have been vulnerable even before the war.

      

      
        Last chance to record archaic Greek language 'heading for extinction'
        A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.

      

      
        Increasing positive affect in adolescence could lead to improved health and well-being in adulthood
        Adolescents with high positive affect may have improved physical and mental health as adults, according to a new study.

      

      
        Scientists' urgent call: End destruction and forge a just, sustainable future
        An international team of scientists published a study emphasizing the urgent need to align political will, economic resources, and societal values to ensure a more sustainable and equitable world. The review summarizes the grave threats facing the planet but rejects a 'doom and gloom' philosophy. They advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants.

      

      
        Companies ignoring climate risks get punished by markets, new study reveals
        Companies that proactively manage climate risks boost their valuations, while those with a passive stance are discounted in the equity market, according to new research.

      

      
        AI writing, illustration emits hundreds of times less carbon than humans, study finds
        A group of scholars calculated the amount of energy used by AI tools for the tasks of writing and illustrating and compared it to the average amount of energy humans use for the same processes. Their results showed artificial intelligence results in hundreds of times less carbon emissions than humans. This does not mean, however, that AI can or should replace humans in those tasks, simply that its energy usage is less. The better approach is a partnership between humans and AI, the authors write.

      

      
        Early detection of language disorders helps children obtain right interventions
        New screening tools in child health care are effective in identifying early language and communication difficulties in children. This is shown by two studies based on more than 6,000 children.

      

      
        Gloom and doom warnings about climate change do not work
        How do you spread a message about climate change? According to an international study involving 59,000 participants, some tactics may actually reduce support.

      

      
        Reducing late-night alcohol sales curbed all violent crimes by 23% annually in a Baltimore neighborhood
        New study findings suggest that shortening overnight operations by seven hours at bars and taverns in a Baltimore, Md. neighborhood resulted in a 51 percent immediate drop in homicides within the first month, followed by a 23 percent decline in all violent crimes annually in the surrounding area, compared to similar neighborhoods with no change in hours of sale. Homicide rates decreased by 40 percent in each subsequent year.

      

      
        Research reveals language barriers limit effectiveness of cybersecurity resources
        Non-English speaking internet users share the same concern about cyber threats and the same desire for online safety as any other individual. However, they are constrained by a lack of culturally and linguistically appropriate resources, which also hampers accurate collection of cyber victimization data among vulnerable populations.
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Climate change impacts terrorist activity | ScienceDaily
Changing weather patterns induced by climate change are contributing to shifts in the location of terrorist activity, according to new research.


						
An exploratory study led by extremism expert Dr Jared Dmello, from the University of Adelaide's School of Social Sciences, found some climatological variables affected terrorist activity in India.

"Suitability analyses indicate that all the climatological variables tested -- temperature, precipitation, and elevation -- relate to shifting patterns of terrorist activity," says Dr Dmello.

"Urban centres have increasingly grown in population density, particularly in spaces with favourable climates, and some of the more remote areas once used by extremists have experienced such increasingly dynamic climates that they are no longer fit for human habitation, forcing these groups to migrate elsewhere."

It was not only the intensity of these climatological variables that led to terrorists moving to new locales, this shifting of terrorist activity was also seasonal.

"This research shows that stopping the damaging effects of climate change is not just an environmental issue but one that is directly tied to national security and defence," says Dr Dmello, who was recently announced as the inaugural recipient of the Early Career Award from the Academy of Criminal Justice Sciences' Security and Crime Prevention Section.

"In this study, we focus on attack location, but the data also suggests other forms of extremist behaviour, such as training location, are likely shifting in response to climate change as well."

The study, published in the Journal of Applied Security Research, concentrated on terrorist activity in India between 1998-2017, a period during which there were 9096 terrorist incidents recorded by the Global Terrorism Database.




"Average temperatures in India reached record highs during our 20-year study period," said Dr Dmello.

"This time frame represents a broad enough range to demonstrate climate change, while also availing of the most recent reliable data that covers both the climate change and extremism dimensions for the country."

This new and evolving understanding of how climate change affects patterns of terrorism is important knowledge for governments across the world, including Australia's, to inform national security and defence strategies.

"While terrorism and violent extremism manifests differently in Australia, with far lower levels of attacks than India, radicalisation is still a salient challenge here and one that the Australian Government has established as a national priority," says Dr Dmello.

"To effectively mitigate radicalisation, other critical issues, such as homelessness, food insecurity, water and energy crises, and enhanced social equity, are essential for ensuring a more secure space for us all."

Dr Dmello, who joined the University of Adelaide at the beginning of 2024, also recently co-edited a book examining security in the Arctic from a multi-disciplinary lens and will continue his research into terrorism and extremism in the Australian context.

"Some of my recent projects have been trying to understand how emerging issues impact radicalisation here in Australia in an effort to find ways to partner with government and law enforcement to prevent engagement with extremist ideologies," he says.

"I am also interested in expanding on my research in this area to investigate the role of water and food inequities on radicalisation around the world."
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Research shows direct link between state income taxes and migration | ScienceDaily
After the introduction of the income tax in the United States, there has been a migration of higher income earners toward states with lower or no income tax, a new study reveals.


						
This first-ever systematic analysis of 110 years of state income tax implementation throughout the United States also highlights the consequences of taxpayers fleeing to low or no-tax states. Published in the American Economic Journal: Economic Policy, the study is titled "The Introduction of the Income Tax, Fiscal Capacity, and Migration: Evidence from U.S. States" and was coauthored by Ugo Antonio Troiano, economist and associate professor at the University of California, Riverside. The analysis looks at pre-World War II and post-World War II personal income tax impacts.

The state-level tax policies from 1900 to 2010 examined in the paper reveal that income tax adopting states increased revenue per capita by 12% to 17%, but that increase does not correspond to an increase in total revenues for the government in monetary terms. This is because the introduction of income tax in the post-World War II era led to out-migration by wealthy Americans.

"Personal income tax means a tax upon labor income, first introduced for the purpose of redistribution of wealth," said Troiano, whose expertise includes politics and economics. "The idea was to provide services to poorer parts of the population and reduce inequality between low-income and high-income residents."

According to study results, implementing higher taxes was not well accepted by many wealthy Americans -- their higher income allows them to be more mobile, and therefore able to seek new residency in states with lower personal income tax or no tax.

Historically, mobility in the U.S. has been higher compared to European countries, mainly because people here speak the same language, making it easier to settle in a new city, Troiano said. The analysis also showed that out-migration began to slow down in the 1980s.

Income taxes are important for states because they allow governments to increase revenue per capita, but pre-World War II, these tax policies came with waves of legal court challenges. Pennsylvania, for example, attempted to amend the state constitution eight times. Other states such as Indiana and Washington also tried, but all failed. To date, six states: Texas, Florida, Nevada, Washington State, Wyoming, and South Dakota, have never introduced permanent individual income tax.




California introduced the personal income tax in 1935, it was one of 18 states that implemented the tax between 1930 and 1940.

"In New Mexico, the legislature repealed its first income tax law in 1920. In Iowa, the state assembly passed an income tax bill in 1932 that was subsequently defeated in the state senate. In Colorado, the governor vetoed an income tax bill passed by the legislature in 1935. With the exception of Washington, however, all of these states would eventually introduce an income tax," the authors state in the paper.

Through analyzing U.S. Census datasets, Troiano and his colleagues, Traviss Cassidy, assistant professor of economics at the University of Alabama, and Mark Dincecco, associate professor at the University of Michigan, found that wealthier Americans tended to move out of state when income taxes were too high, but remained when income tax increases were minimal.

Troiano said that when states consider how to reduce income inequality, they should also be mindful of mobility responses.

"Raising taxes too much might backfire, as the state might lose too many relatively wealthy contributors," Troiano said.
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Life expectancy increased as world addressed major killers including diarrhea, lower respiratory infections, and stroke | ScienceDaily
Global life expectancy increased by 6.2 years since 1990 according to a new study published in The Lancet. Over the past three decades, reductions in death from leading killers fueled this progress, including diarrhea and lower respiratory infections, as well as stroke and ischemic heart disease. When the COVID-19 pandemic arrived in 2020, however, it derailed progress in many locations. This is the first study to compare deaths from COVID-19 to deaths from other causes globally.


						
Despite the challenges presented by the COVID-19 pandemic, the researchers found that the super-region of Southeast Asia, East Asia, and Oceania had the largest net gain in life expectancy between 1990 and 2021 (8.3 years), largely due to reductions in mortality from chronic respiratory diseases, stroke, lower respiratory infections, and cancer. The super-region's strong management of the COVID-19 pandemic helped preserve these gains. South Asia had the second-largest net increase in life expectancy among super-regions between 1990 and 2021 (7.8 years), primarily thanks to steep declines in deaths from diarrheal diseases.

"Our study presents a nuanced picture of the world's health," said Dr. Liane Ong, co-first author of the study and a Lead Research Scientist at the Institute for Health Metrics and Evaluation (IHME). "On one hand, we see countries' monumental achievements in preventing deaths from diarrhea and stroke," she said. "At the same time, we see how much the COVID-19 pandemic has set us back."

The study also highlights how COVID-19 radically altered the top five causes of death for the first time in 30 years. COVID-19 displaced a long-dominant killer -- stroke -- to become the second-leading cause of death globally. The research presents updated estimates from the Global Burden of Disease Study (GBD) 2021. The authors found that the super-regions where the COVID-19 pandemic hit hardest were Latin America and the Caribbean and sub-Saharan Africa, which lost the most years of life expectancy due to COVID-19 in 2021. While documenting the enormous loss of life caused by the COVID-19 pandemic, the researchers also pinpointed the reasons behind the improvements in life expectancy in every super-region. Looking across different causes of death, the study reveals sharp drops in deaths from enteric diseases -- a class of diseases that includes diarrhea and typhoid. These improvements increased life expectancy worldwide by 1.1 years between 1990 and 2021. Reductions in deaths from lower respiratory infections added 0.9 years to global life expectancy during this period. Progress in preventing deaths from other causes also drove up life expectancy around the world, including stroke, neonatal disorders, ischemic heart disease, and cancer. For each disease, reductions in deaths were most pronounced between 1990 and 2019.

At the regional level, Eastern sub-Saharan Africa experienced the largest increase in life expectancy, which jumped by 10.7 years between 1990 and 2021. Control of diarrheal diseases was the leading force behind improvements in this region. East Asia had the second-largest gain in life expectancy; the region's success in slashing deaths from chronic obstructive pulmonary disease played a key role.

The GBD 2021 study measures mortality by cause of death and years of life lost at global, regional, national, and subnational levels. The analysis links specific causes of death to changes in life expectancy.

The study illuminates not only the diseases that have driven increases and decreases in life expectancy, but also looks at how patterns of disease have shifted across locations over time, presenting, as the authors write, an "opportunity to deepen our understanding of mortality-reduction strategies...[which] might reveal areas where successful public health interventions have been implemented."

GBD 2021 highlights places that have made huge strides in preventing deaths from major diseases and injuries. It also emphasizes how some of the most burdensome diseases are now concentrated in certain locations, underscoring opportunities for intervention. For example, in 2021, deaths from enteric diseases were largely concentrated in sub-Saharan Africa and South Asia. For another disease, malaria, the researchers found that 90% of deaths occurred in an area inhabited by just 12% of the world's population in a stretch of land ranging from Western sub-Saharan Africa through Central Africa to Mozambique.




"We already know how to save children from dying from enteric infections including diarrheal diseases, and progress in fighting this disease has been tremendous," said Professor Mohsen Naghavi, the study's co-first author and the Director of Subnational Burden of Disease Estimation at IHME. "Now, we need to focus on preventing and treating these diseases, strengthening and expanding immunization programs, and developing brand-new vaccines against E. coli, norovirus, and Shigella," he added.

In addition to providing new insights on COVID-19, the study reveals growing threats from non-communicable diseases, such as diabetes and kidney diseases, which are increasing in every country. The researchers also point to uneven progress against conditions such as ischemic heart disease, stroke, and cancer. High-income countries have driven down deaths from many types of non-communicable diseases, but many low-income countries have not.

"The global community must ensure that the lifesaving tools that have cut deaths from ischemic heart disease, stroke, and other non-communicable diseases in most high-income countries are available to people in all countries, even where resources are limited," said Eve Wool, senior author of the study and a Senior Research Manager at IHME.
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For mining in arid regions to be responsible, we must change how we think about water | ScienceDaily
A research team led by the University of Massachusetts Amherst, in collaboration with the University of Alaska-Anchorage and Columbia University, has conducted the widest-ever hydrological tracer analysis of the Dry Andes region in Chile, Argentina and Bolivia, home to the majority of the world's lithium deposits and other elements, such as copper, critical to the green energy transition away from oil and toward electricity. But the Dry Andes, as well as other hyper-arid regions, is also extremely sensitive to any activity, such a mining, that may disrupt the presence, composition and flow of both surface and subsurface water. Until now, however, there has been no reliable, comprehensive understanding of exactly how the hydrological systems in extremely arid landscapes work, which means that environmental regulators don't have the information they need to best manage the mining industry and the transition to more environmentally sustainable future. The research appears in PLOS Water.


						
"We've been thinking about water all wrong," says Brendan Moran, the paper's lead author and a postdoctoral research associate in geosciences at UMass Amherst. "We typically assume that water is water, and manage all water the same way, but our research shows that there are actually two very distinct pieces of the water budget in the Dry Andes, and they respond very differently to environmental change and human usage."

Water is especially important for lithium, the crucial component of the powerful batteries in such things as electric and hybrid cars and photovoltaic systems. Lithium doesn't like to be in solid form and tends to occur in layers of volcanic ash -- but it reacts quickly with water. When rain or snowmelt moves through the ash layers, lithium leaches into the groundwater, moving downhill until it settles in a flat basin where it remains in solution as a briny mix of water and lithium. Because this brine is very dense, it often settles beneath pockets of fresh surface water, which float on top of the lithium-rich fluid below. These fresh and brackish lagoons and wetlands often become havens for unique and fragile ecosystems and iconic species such as flamingos, and they are also composed of different kinds of water -- so how does one tell types of water apart?

Moran and his co-authors, including David Boutt, professor of geosciences at UMass Amherst, a Lee Ann Munk, professor of geological sciences at the University of Alaska, had previously developed a method to determine how old any given sample of water is and trace its interaction with the landscape by using 3H, or tritium, and the ratio between the oxygen isotope 18O and the hydrogen isotope 2H. Tritium occurs naturally in rainwater and decays at a predictable rate. "This lets us get the relative age of the water," says Moran. "Is it 'old,' as in, did it fall a century or more ago, or is it 'contemporary' water that fell a few weeks-to-years ago?"

The ratio between 18O and 2H additionally allowed the team to trace how much evaporation the water had been subject to. "The 18O/2H ratio is like a specific fingerprint, because different water sources -- streams or lakes -- will have different ratios. This lets us know where the water came from and how long it has been near the surface and out of the ground."

For this new research, Moran and Boutt worked with stakeholders in the Dry Andes to sample nearly every water source in the entire region -- an unprecedented feat, given how inhospitable and sparsely inhabited the Dry Andes are -- and to measure their various isotopes.

Doing so allowed them to discover that old and young waters don't really mix and behave very differently.




"The deep, old groundwater sustains the hydrological system throughout the Dry Andes," says Boutt. "Only 20% -- 40% of the water is contemporary surface water -- but that's the water that is most sensitive to climate change, storm cycles and anthropogenic uses like mining. Scientists used to think that surface water was the most stable water because it was constantly being recharged by runoff, but in extremely arid places, like the Dry Andes, that isn't true. And the problem is, this new understanding of how water works hasn't been incorporated into any management system anywhere."

The implications of this are immediate, and Moran says that among the most important is to protect the various conduits -- streams, rivers, seeps etc. -- by which fresh, young rainwater flows into the lagoons and wetlands that are so environmentally critical. It also means that managers need to develop different methods for managing young and old waters -- there is no one-size-fits-all approach that will work.

Perhaps most importantly, Boutt points out, "What we see in the Dry Andes is representative of hydrology in all extremely arid regions -- including the U.S. West. It's not limited to lithium mining, either."

"Water across the globe's arid regions works the same way," adds Moran, "and so water managers the world over need to be aware of the age and source of their waters and implement the right policies to protect their differing hydrological cycles."
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Talking politics with strangers isn't as awful as you'd expect, research suggests | ScienceDaily
Many of us avoid discussing politics with someone who holds an opposing viewpoint, assuming the exchange will turn nasty or awkward. But having those conversations is far more gratifying than we expect, a new research paper suggests.


						
Across a series of experiments involving hundreds of U.S. adults, a team of scientists found that individuals underestimate the social connection they can make with a stranger who disagrees with them. The findings are published in Psychological Science, a journal of the Association for Psychological Science.

These low expectations may help to explain why people think those on the opposite side of the political spectrum have more extreme views than they actually do, behavioral scientists Kristina A. Wald (University of Pennsylvania), Michael Kardas (Oklahoma State University), and Nicholas Epley (University of Chicago) wrote in an article about their research.

"Mistakenly fearing a negative interaction may create misplaced partisan divides," they wrote, "not only keeping people from connecting with each other but also keeping people from learning about each other and from each other."

The experimenters found evidence, through experiments conducted online and in person, that people prefer to avoid hot-button issues, especially with people who disagree with them. People also tend to advise their friends and relatives to avoid such conversations.

But Wald, Kardas, and Epley believed people would find discussing their political differences to be a more positive experience than expected, at least partly because people fail to appreciate the extent to which conversations are informative and draw people closer together.

To test their theory, they asked nearly 200 participants in one experiment for their opinions on divisive political and religious topics, such as abortion and climate change. The researchers then divided the participants into pairs and assigned them to discuss one of these topics. Some participants were told in advance whether their partners agreed with them or not, but others entered the discussions unaware of their partners' views.




All the participants reported how positively or negatively they expected the conversation to be, then engaged in the discussion while being video recorded. Afterward, the participants rated their sentiments about the dialogue. Research assistants also viewed the videos of the conversations and evaluated them across several dimensions.

As predicted, the participants underestimated how positive their conversation experience would be, but this tendency was largest when they disagreed with their partner. Participants in this disagreement condition also underestimated the similarities in their opinions. Coders who watched the videos of these conversations confirmed that participants tended to stay on topic, and that the conversations were consistently positive whether the participants agreed or disagreed.

In another experiment, the researchers tested their hypothesis that people underestimate how the process of conversation itself -- actual back-and-forth dialogue -- connects people. To do so, they randomly assigned participants to discuss a divisive topic they agreed or disagreed on, but they also randomly assigned participants to either have a conversation about the topic in a dialogue format or to simply learn of their partners' beliefs on the topic in a monologue format. In the monologue format, each person separately recorded themselves talking about their opinion and then watched the other person's recording.

Overall, the participants underestimated how positive their interactions would be, especially when they disagreed with their partner, the researchers noted. But this tendency was especially strong when people actually had a conversation with their partner rather than simply learning of their beliefs in a monologue. The social forces in conversation that draw people together through back-and-forth dialogue are not only powerful, but they appear to be even more powerful than people expect.

The researchers cautioned that their experiments involved participants talking with strangers; the experiments did not reveal how disagreements unfold among family and friends. Still, they said their findings illustrate the benefits of talking and listening to others rather than typing and broadcasting in debates on social media.

Our reluctance to discuss our differences denies us some positive social interactions, the authors concluded.

"Misunderstanding the outcomes of a conversation," they wrote, "could lead people to avoid discussing disagreements more often, creating a misplaced barrier to learning, social connection, free inquiry, and free expression."
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Working outside the typical 9-5 in younger adulthood may be linked with worse health decades later | ScienceDaily
The hours you work earlier in life may be associated with worse health years later, according to a study published April 3, 2024 in the open-access journal PLOS ONE by Wen-Jui Han from New York University.


						
Studies have consistently shown that nonstandard work schedules -- working outside the traditional nine-to-five workday -- can negatively impact physical and mental health as well as social and family life. The current study uses a life-course approach to provide a longer-term perspective on how work schedule patterns throughout a person's working life impact their health in middle age.

Han used data from The National Longitudinal Survey of Youth-1979 (NLSY79), which includes data on more than 7,000 people in the US over 30 years, to see whether employment patterns in younger adulthood were associated with sleep, physical health, and mental health at age 50.

Han found that around a quarter of participants (26%) worked stable standard hours, with a further third (35%) working mostly standard hours. 17 percent initially worked standard hours in their 20s, later transitioning into volatile working patterns -- a combination of evening, night, and variable hours. 12 percent initially worked standard hours and then switched to variable hours. A final ten percent were mostly not working over this period.

Compared to individuals who mostly worked during traditional daytime hours throughout their working career, those whose careers featured more volatile work schedules slept less, had lower sleep quality, and were more likely to report depressive symptoms at age 50. The most striking results were seen in those who had stable work hours in their 20s and then transitioned to more volatile work hours in their 30s. This effect size was significant and similar to that of being educated only to below high school level.

Han also found racial and gender-related trends. For example, Black Americans were more likely to have volatile work schedules associated with poorer health, highlighting how some groups may disproportionately shoulder the adverse consequences of such employment patterns.

Han suggests that volatile work schedules are associated with poor sleep, physical fatigue, and emotional exhaustion, which may make us vulnerable to an unhealthy life. The study also suggests that positive and negative impacts of work schedules on health can accumulate over one's lifetime while highlighting how employment patterns can contribute to health inequities.

Han adds: "Work that is supposed to bring resources to help us sustain a decent life has now become a vulnerability to a healthy life due to the increasing precarity in our work arrangements in this increasingly unequal society. People with vulnerable social positions (e.g., females, Blacks, low-education) disproportionately shoulder these health consequences."
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Exploring the effect of the presence of familiar people in interpersonal space | ScienceDaily
Most studies on interpersonal space (IPS) focus on the physiological and psychological responses to the presence of strangers in IPS. However, having a social relation with a person or their relative position in the IPS can influence these responses. Recently, researchers investigated the responses to the presence of friends and acquaintances at different relative positions in IPS, measuring the changes in discomfort, heart rate, and parasympathetic activity. Overall, this study enhances our understanding of IPS.


						
When we communicate with other people face-to-face, we do so by maintaining a certain physical distance from each other. This space surrounding our body while interacting is called the interpersonal space (IPS), and maintaining adequate IPS is crucial for better communication.

Many studies have investigated the psychological and physiological changes that occur based on the presence of another person in the IPS during face-to-face interactions. These studies are based on the avoidance behaviour that we experience when a stranger invades our IPS, which manifests in the form of increased heart rate and discomfort. However, having a social relation with a person, such as with a friend or a spouse, can influence this behaviour. Moreover, most studies have only examined IPS in front of or behind a person, using tasks such as a stopping task, wherein a stranger approaches or retreats from the IPS. They have not determined the shape of IPS by considering different relative positions around a person.

Addressing this gap, a team of researchers from Japan, led by Assistant Professor Kae Mukai from the Faculty of Science and Engineering at Waseda University, investigated the effect of social relationships on the physiological and psychological responses to the presence of another person in the IPS. Dr. Mukai explains, "Considering a real-life situation in which acquaintances or friends are standing next to us, the threat level might be relatively low compared to when strangers are standing next to us. Given the evidence, that smaller IPSs may be formed with family and friends, psychological and physiological responses can differ. In this study, we uncovered these differences." The team also included Dr. Tomoko Isomura from Nagoya University and Dr. Ryoji Onagawa and Professor Katsumi Watanabe from Waseda University. Their findings were published in the journal Scientific Reports on February 21, 2024.

The researchers used electrocardiogram (ECG) data to measure the changes in subjective discomfort, heart rate, and heart rate variability (HRV), which indicates parasympathetic activity or the "rest and digest" nervous response, of a person due to the presence of another person at various relative positions in the IPS. They measured these changes during two tasks. In the first task, participants were paired with their friends in a static standing task, where a person stood 30 cm away from the other, with both hands behind their back, within the IPS for a minute.

There were eight relative positions in all: F-see, L-see, R-see, and B-see, as well as F-seen, L-seen, R-seen, and baseline. In the first case, participants stood face-to-face with their friend and looked at the center of their eyes. In the next three cases, they looked at their friend's left profile, right profile, and back, respectively, with their eyes fixed on the head. On the other hand, the participants stood with their eyes fixed on the fixation point 30 cm in front of them while being seen at their left profiles, right profiles, and backs by their friend in F-seen, L-seen, and R-seen conditions, respectively. Lastly, in the baseline condition, both persons were standing back-to-back, unable to see each other. In the second task, a cylindrical object with height same as that of the person was placed at different positions in the IPS.

The experiments revealed that the greatest discomfort, the greatest decrease in heart rate, and the greatest increase in HRV occurred in the F-see condition. The researchers attributed the decrease in heart rate and increase in parasympathetic activity to the presence of familiar people, as previous studies have shown that the presence of a friend or romantic partner activates parasympathetic activity. Moreover, they found that heart rate only decreased in relative positions F-see and R-see. Additionally, no changes were observed during the task with the object.

These findings are inconsistent with previous studies which report that sympathetic activity, or the "fight or flight" response, is activated when a stranger invades our personal space. "Our study suggests that social relationships between two people influence our physiological responses during social interactions," says Dr. Mukai. "Our findings could help in the development of a society that makes life easier for a diverse range of people, by introducing appropriate communication methods that vary according to changes in responses to the presence of others."
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Testing environmental water to monitor COVID-19 spread in unsheltered encampments | ScienceDaily
To better understand COVID-19's spread during the pandemic, public health officials expanded wastewater surveillance. These efforts track SARS-CoV-2 levels and health risks among most people, but they miss people who live without shelter, a population particularly vulnerable to severe infection. To fill this information gap, researchers reporting in ACS' Environmental Science & Technology Letters tested flood-control waterways near unsheltered encampments, finding similar transmission patterns as in the broader community and identifying previously unseen viral mutations.


						
In recent years, testing untreated wastewater for SARS-CoV-2 incidence and dominant viral variants, as well as other pathogens, has been vital to helping public health officials determine infectious disease transmission in local communities. Yet, this monitoring only captures information on viruses shed from human feces and urine in buildings that are connected to local sewage infrastructure. Beyond the pandemic's impact on human health, it also exacerbated socioeconomic difficulties and increased the number of people experiencing homelessness and living in open-air encampments without access to indoor bathrooms. To understand the prevalence of COVID-19 among people who live unsheltered, Edwin Oh and colleagues tested for SARS-CoV-2 in waterways near encampments outside Las Vegas from December 2021 through July 2022.

Using quantitative polymerase chain reaction, the researchers identified SARS-CoV-2 RNA in more than 25% of the samples tested from two flood-control channels. The highest detection frequency over the study period aligned with Las Vegas' first wave of omicron variant infections, as confirmed through parallel testing at a local wastewater treatment plant. The researchers say these results suggest a similar level of transmission was occurring within the unsheltered community as it was among the general population. Then the researchers conducted whole genome sequencing to identify the SARS-CoV-2 variants in the waterways. These samples largely contained the same variants identified in the broader community. Deeper computational analysis of the viral sequences identified three novel viral spike protein mutations in some waterway samples, but the researchers have not yet examined what impact these mutations might have on viral function or clinical outcomes. Regardless, the ability to detect and identify SARS-CoV-2 in environmental water samples could help improve public health measures for a community that is often underrepresented in current surveillance methods. The researchers also say monitoring waterways could warn health officials of unexpected variants circulating in the community.

The authors acknowledge funding from the National Institutes of Health, the Nevada Governor's Office of Economic Development, the Centers for Disease Control and Prevention, and the Water Resources Research Institute of the United States Geological Survey.
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Gunshots in American cities twice as likely at night, potentially disrupting sleep for those in earshot, study finds | ScienceDaily
The crack of a gunshot ringing out in the night is all too familiar to many Americans. A new study captures just how common -- and potentially disruptive -- nighttime gunshots can be in American cities. In a cross-institutional collaboration from Mass General Brigham's founding members, Brigham and Women's Hospital and Massachusetts General Hospital, researchers examined the number of nights and people potentially affected by the sound of nighttime versus daytime gunshots and the relationship between the sound of nighttime gunshots and median household income in the United States. The team found gunshots are twice as likely to occur at night, and that low-income communities are disproportionately affected by them. Their results are published in the Journal of General Internal Medicine.


						
"A nighttime gunshot likely disrupts the sleep of nearby community residents due to the sheer sound of the shot, which is then followed by a cacophony of sirens from police vehicles and ambulances," said corresponding author Rebecca Robbins, MMSc, PhD, MS, of the Division of Sleep and Circadian Disorders at Brigham and Women's Hospital. "The findings from our study shed light on this potentially significant and underexplored social determinant of sleep and population health."

Minimizing disruptions during the sleep cycle is critical to achieving quality sleep and improving overall health. Various factors, including jetlag from traveling or the onset of hunger during the late hours of the night, can interrupt sleep and lead to metabolic, cardiovascular, and mental health diseases and conditions. Other disruptions, such as nighttime gunshots, warrant further exploration.

Gun violence is a public health threat and the leading cause of death among children and adolescents in the United States. The number of gun deaths due to gun violence in America is staggering. According to the Centers for Disease Control and Prevention, there were more than 48,000 gun-related deaths in the United States in 2022.

Additionally, researchers note that there is potential for an exponentially broader community impact of gunshots beyond those that result in casualties. The current study focuses on the impact of the sounds of guns on surrounding communities; previous studies from the authors have focused on mental and behavioral health consequences from gun violence.

"The traumatic ripple effects from gunshots can extend across families and entire communities. Our work helps to broaden how we think about who is impacted by these events," said co-last author Chana A. Sacks, MD, MPH, of the Division of General Internal Medicine and Mongan Institute at Massachusetts General Hospital.

The team gathered 72,236 publicly available records on the time and location of gunshots in six major cities in the United States, including Baltimore, Boston, Washington, DC, New York, Philadelphia, and Portland, Ore., from 2015-2021. Using those data, investigators compared the prevalence of gunshots during the day versus the night. In addition, they created maps to visualize nighttime gunshot density across the cities. To identify communities potentially impacted by the sound of the gunshot, they estimated the number of those residing near to the location where gunshots took place. The team also examined the association between the number of nighttime gunshots and median household income.




To measure the potential effect of the sound of nighttime gunshots, the team estimated the number of individuals within earshot and the number of nights of potentially disrupted sleep for all individuals within hearing range. The team defined this metric as "person nights" and estimated that approximately 12.5 million person nights across the six cities could be impacted annually. Among the findings was that as median household income went up, rates of nighttime gunshots went down. This highlighted a higher level of gunshot impact -- and resulting potential sleep and other disruptions -- for people living in low-income neighborhoods. Additionally, it was discovered that 51,789 (72%) of the gunshots occurred during the nighttime across all six cities, with most of them occurring on Saturday and Sunday nights.

The authors note that they did not directly measure sleep disruptions as part of this study. Only six of the 30 most populated cities in the U.S. had enough publicly available data to be included in the analysis. The research team plans to study sleep disturbances in response to nighttime gunshots as they work to design community-based sleep interventions to support individuals in communities with high incidences.

The authors credit their collaboration across hospitals and across areas of research expertise for the insights described in their paper.

"Working as a multidisciplinary research team across the Mass General Brigham healthcare system, with experts in sleep and gun violence, we have been able to advance our understanding of the impacts that gunshots have on communities and inform this critical national conversation," said Robbins. "Conversations about guns often focus on the statistics on gun-related deaths, but our work draws attention to some of the less discussed impacts of gun violence."

Authorship: Mass General Brigham of the study include Peter T. Masiakos, Cornelia Griggs and Elizabeth Klerman. Additional authors include Mahmoud Affouf and Jay M. Iyer.

Disclosures: Robbins reports receiving consulting income from by Nacht GmbH, Savoir Beds Ltd., Oura Health Oy, Castle Hot Springs, Sonesta International Hotels Corporation. Robbins has received funding from Bryte Labs. Klerman reports consulting income from the American Academy of Sleep Medicine Foundation, Circadian Therapeutics, National Sleep Foundation, Sleep Research Society Foundation, and Yale University Press; has received travel support from the European Biological Rhythms Society, EPFL Pavilion, the Santa Fe Institute, Sleep Research Society, and the World Sleep Society; and is an unpaid member of the scientific advisory board of Chronsulting. Klerman's partner is founder, chief scientific officer of Chronsulting.

Funding: This study was supported by the MGH Gun Violence Prevention Center. Robbins has received grant support from the NIH/ NHLBI (K01HL150339). Klerman has received grant support from the NIH (R01NS099055, U01NS114001, U54AG062322, R21DA052861, R21DA052861, R01NS114526-02S1, R01-HD107064), DoD (W81XWH201076), and Leducq Foundation for Cardiovascular Research.

Paper cited: Robbins, R et al. "Estimating Community Disruption from Nighttime Gunshots in 6 U.S. Cities, 2015-2021. Journal of General Internal Medicine. DOI: 10.1007/s11606-024-08707-9
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Are universities connected to local sustainability? A new study suggests yes...and no. | ScienceDaily
A new study finds that universities scoring strongly on measures of sustainability are associated with innovation and economic growth in their surrounding communities. However, the study did not find similar connections between university sustainability performance and environmental sustainability in their home communities.


						
"Society is facing a slew of global challenges, and we wanted to assess the extent to which higher education is contributing to the sort of transformative change needed to address these challenges," says Christopher Galik, co-author of the study and a professor of public administration at North Carolina State University. "For this study, we started at the local level, exploring whether there was any association between university sustainability performance and sustainability in their surrounding communities."

To explore the issue, researchers looked at data from 105 metropolitan areas in the United States, which are collectively home to 427 higher education institutions. Specifically, the researchers drew on data from two sources, the U.S. Cities Sustainable Development Goal (SDG) Index and the QS Sustainability Universities Ranking.

The SDG Index aggregates dozens of metrics related to a municipality's sustainability efforts, covering issues such as climate action, energy efficiency and water use. The QS Sustainability Universities Ranking evaluates university efforts related to environmental sustainability as well as efforts aimed at addressing social concerns, such as global partnerships, community engagement and the health and well-being of students, faculty and staff.

The researchers wanted to see whether there was any relationship between universities that scored well on the QS Sustainability Universities Ranking and the municipalities that scored well on the SDGs.

"Sustainability is complicated -- it has lots of different components," says Ha Vien, first author of the paper and a Ph.D. student at North Carolina State University. "And we found that universities are associated with progress on some of those measures, but not others."

The good news is that there was a very strong correlation between universities that score well on sustainability and communities that score well on innovation, reducing poverty, creating economic opportunities and reducing inequality.

"The bad news is that universities that perform strongly on sustainability measures are also associated with a decline in responsible consumption and production -- measured here as increased air pollution and release of toxic chemicals -- in their surrounding areas," Vien says. "There was also little or no correlation between universities that scored well on environmental sustainability and the environmental sustainability scores of their communities."

"This is an observational study, so it's impossible to determine causation," Galik says. "However, the evidence suggests two things. First, universities continue to be strongly associated with innovation and economic development. But second, the idea that universities can contribute to broader sustainable transformations doesn't seem to be realized yet, at least on a large scale."

"It took significant time and effort for universities to become the economic drivers that we see today," Vien says. "Looking into the future, climate change will continue to be a defining challenge for the foreseeable future. Our findings highlight that there are still a lot of opportunities for higher education to make more of a difference in surrounding communities."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240403130521.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research reveals pre-collapse monitoring of Kakhovka dam, Ukraine | ScienceDaily
On the morning of June 6, 2023, a substantial portion of the Kakhovka Dam in Ukraine - vital for water management and hydroelectric power generation - suffered a collapse while under Russian control. Russia had seized the dam early into its invasion of Ukraine, and though independent investigations suggested that Russia destroyed it to prevent a counterattack from Ukraine, Russia has denied responsibility. New findings published this morning in the journal Nature Communications Earth and Environment from a University of Houston spaceborne-monitoring team indicate the dam may have had deformation hotspots before the war, pre-dating the actual collapse. 


						
"Through our analysis, we observed displacements characterizing different segments of the dam, up to two years prior to the actual collapse," reports UH assistant professor of Civil and Environmental Engineering Pietro Milillo. In the article, Milillo and team present the results of a methodology called InSAR (Interferometric Synthetic Aperture Radar) which measures infrastructure deformation from space with millimetric accuracy using radar images of the Earth's surface collected from orbiting satellites. 

The findings came about while the team was conducting a study monitoring the stability of infrastructure during the Russian invasion of Ukraine. By leveraging spaceborne technology, the team, including the German Aerospace Center (DLR) and the Delft University of Technology (TU Delft) uncovered previously unseen details of the pre-collapse of the dam and detected movements and deformations in the dam years before the collapse, providing valuable insights into its stability. 

"This study highlights the significance of proactive monitoring and the role of remote sensing in ensuring the safety and integrity of critical infrastructure" said lead author Amin Tavakkoliestahbanati, co-author and graduate student in Geosensing System Engineering in the Civil and Environmental Engineering Department at UH. "Our findings emphasize the importance of continuous surveillance to detect and address potential risks before they escalate into catastrophic events." 

"Only in recent times are we able to observe such phenomena thanks to the increased number of satellites flying in space capable of such measurements," said Milillo, who is also a visiting scientist at DLR.  

"Current hypotheses ascribe the collapse of the dam to an explosion that occurred on June 6, 2023. Although our analysis cannot exclude an explosion that occurred on that date, they can identify existing damage mechanisms that might have affected the dam before its collapse," said Milillo. 

Milillo said that the data in the study support the hypothesis that the structure was moving downward since June 2021. "With the beginning of the war, neglected dam maintenance and operations might have destabilized the structure over specific areas, favoring the development of the above-mentioned mechanisms," he said.  
 
The research not only offers valuable insights into the events leading to the collapse of the Kakhovka Dam but also underscores the potential of InSAR as a proactive monitoring tool for infrastructure stability assessment.  

As the world faces increasing challenges related to climate change and geopolitical instability, such studies pave the way for more informed decision-making processes and enhanced risk assessment strategies. InSAR's ability to detect and quantify ground movements with high precision and over extended periods of time contributes to enhanced risk assessment, forensic engineering activities and informed decision-making processes.  

The research was supported by the NASA Decadal Survey Incubation Studies. Joining Tavakkoliestahbanati and Milillo on the project were Giorgia Giardina and Hao Kuai at TU Delft. 
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Last chance to record archaic Greek language 'heading for extinction' | ScienceDaily
A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.


						
The initiative, led by Professor Ioanna Sitaridou from the University of Cambridge, contributes to the UN's International Decade of Indigenous Languages (2022-32), which aims 'to draw global attention on the critical situation of many indigenous languages and to mobilise stakeholders and resources for their preservation, revitalization and promotion.'

Romeyka is thought to have only a couple of thousand native speakers left in Turkey's Trabzon region, but the precise number is hard to calculate especially because of the fact that there is also a large number of heritage speakers in the diaspora and the ongoing language shift to Turkish.

Romeyka does not have a writing system and has been transmitted only orally. Extensive contact with Turkish, the absence of support mechanisms to facilitate intergenerational transmission, socio-cultural stigma, and migration have all taken their toll on Romeyka. A high proportion of native speakers in Trabzon are over 65 years of age and fewer young people are learning the language.

The newly launched trilingual Crowdsourcing Romeyka platform (https://crowdsource.romeyka.org/) invites members of the public from anywhere in the world to upload audio recordings of Romeyka being spoken.

"Speech crowdsourcing is a new tool which helps speakers build a repository of spoken data for their endangered languages while allowing researchers to document these languages, but also motivating speakers to appreciate their own linguistic heritage. At the same time, by creating a permanent monument of their language, it can help speakers achieve acknowledgement of their identity from people outside of their speech community," said Prof. Sitaridou, who has been studying Romeyka for the last 16 years.

The innovative tool is designed by a Harvard undergraduate in Computer Science, Mr Matthew Nazari, himself a heritage speaker of Aramaic. Together they hope that this new tool will also pave the way for the production of language materials in a naturalistic learning environment away from the classroom, but based instead around everyday use, orality, and community.




To coincide with the platform's launch, Sitaridou is unveiling major new findings about the language's development and grammar at an exhibition in Greece (details below).

Sitaridou's most important findings include the conclusion that Romeyka descends from Hellenistic Greek not Medieval Greek, making it distinct from other Modern Greek dialects. "Romeyka is a sister, rather than a daughter, of Modern Greek," said Sitaridou, a Fellow of Queens' College and Professor of Spanish and Historical Linguistics in Cambridge's Faculty of Modern and Medieval Languages and Linguistics. "Essentially this analysis unsettles the claim that Modern Greek is an isolate language."

Over the last 150 years, only four fieldworkers have collected data on Romeyka in Trabzon. By engaging with local communities, particularly female speakers, Sitaridou has amassed the largest collection of audio and video data in existence collected monolingually and amounting to more than 29GB of ethically sourced data, and has authored 21 peer-reviewed publications. A YouTube film about Sitaridou's fieldwork has received 723,000 views to-date.

Grammar and a new phylogeny for Greek

Sitaridou's analysis of the Romeyka infinitive is key. All other Greek dialects known today have stopped using the infinitive found in ancient Greek. So speakers of Modern Greek would say I want that I go instead of I want to go. But, in Romeyka, the infinitive lives on and Sitaridou has observed uncontroversial proof that this Ancient Greek infinitive can be dated back to Hellenistic Greek due to its preservation in a structure which became obsolete by early Mediaeval times in all other Greek varieties, but continued to be used in Romeyka while also undergoing a cross-linguistically rare mutation to a negative item.

Sitaridou's findings have significant implications for our understanding of the evolution of Greek, because they suggest that there is more than one Greek language on a par with the Romance languages (which all derived out of Vulgar Latin rather than out of each other).




Historical context and new field work sites

The roots of the Greek presence in the Black Sea are steeped in myth: from the journey of Jason and the Argonauts to Colchis, to the Amazons. But what we know is that the Greeks began to spread around the Black Sea from approximately the 6th Century BCE. Ionians founded Miletus, which, in turn, founded Sinope, which, eventually, colonized Trebizond. In the Pontus, the language of the first Greek colonizers of Trebizond was the Ionic Greek of Sinope.

In the 4th Century BCE, the passage of Alexander the Great's army contributed to the creation of another Greek-speaking centre, to the South of Pontus, at Cappadocia. It is possible that from Cappadocia, Greek may have also spread northwards towards Pontus.

However, the decisive phase for the expansion of the Greek language seems to be Christianization. The inhabitants of Pontus were among the first converts and are mentioned in the New Testament. The Soumela monastery was founded in 386 CE, around 20 years after the region officially adopted Christianity. The fall of Trebizond to the Ottomans in 1461 led to the city becoming majority Muslim.

Prof. Sitaridou said: "Conversion to Islam across Asia Minor was usually accompanied by a linguistic shift to Turkish, but communities in the valleys retained Romeyka. And because of Islamization, they retained some archaic features while the Greek-speaking communities who remained Christian grew closer to Modern Greek, especially because of extensive schooling in Greek in the 19th and early 20th centuries."

Recently, Prof. Sitaridou started field working in a new site, Tonya, where no other field worker has ever reached, only to reveal significant grammatical variation between the valleys indicating different Islamisation onset. In a publication, to appear soon, it is argued that both the syntax of subordination and negation systems in Tonya show different patterns and thus diachronic development from the Caykara variety.

In 1923, under the Greco-Turkish population exchange, Greek-speaking Christians of Pontus were forced to leave Turkey and relocate to Greece while Romeyka-speaking Muslim communities in the Trabzon area remained in their homeland as they professed Islam, explaining why this Greek variety is still spoken in small enclaves in the region. Since 1923 and until very recently the two speech communities were oblivious of each other's existence.

Preservation of heritage languages and why it matters

Speakers are still reluctant to identify Romeyka as one of their languages since, for Turkish nationalists, speaking Greek goes against the very fundamentals of one's belonging. From a Greek nationalist perspective, these varieties are deemed 'contaminated' and/or disruptive to the ideology of one single Greek language spoken uninterruptedly since antiquity, as Sitaridou explains in an article which is about to be published by the Laz Institute in Istanbul.

In Greece, Turkey and beyond, Sitaridou has used her research to raise awareness of Romeyka, stimulate language preservation efforts and enhance attitudes. In Greece, for instance, Sitaridou co-introduced a pioneering new course on Pontic Greek at the Democritus University of Thrace since the number of speakers of Pontic Greek is also dwindling.

"Raising the status of minority and heritage languages is crucial to social cohesion, not just in this region, but all over the world," Prof. Sitaridou said. "When speakers can speak their home languages they feel "seen" and thus they feel more connected to the rest of the society; on the other hand, not speaking the heritage or minority languages creates some form of trauma which in fact undermines the integration which linguistic assimilation takes pride in achieving."

The same ethos traverses a new AHRC-funded project about the documentation of a critically endangered language, Sri Lanka Portuguese, among Afrodescent communities in north-western Sri Lanka. Sitaridou will be documenting and analysing manja, the only remaining linguistic and cultural expression of African heritage for these communities.

Exhibition at Mohamed Ali's historical House in Kavala this April

The Romeyka exhibition (http://www.romeyka.org/mohaexhibition/index-en.html) runs at the MOHA Research Centre in Kavala, Greece, from 29th March -- 28th April 2024.

The exhibition features previously unpublished archival material from Exeter College, Oxford and photographic material from British School of Athens which give us a glimpse into the Greek-speaking communities and language in the southern Black Sea shores 110 years ago taken by R.M. Dawkins, one of the first field workers in the area. This is combined with photographs and video material from Prof. Sitaridou's own fieldwork, interspersed with panels and audio material to communicate her linguistic findings.

The exhibition aims to generate further reflections on endangered heritages, fragmented and shared identities and collective memory as well as helping us get a better grasp of multilingualism, localised experiences, intergenerational stories of co-existence and displacement, diasporic selves and language loss, and alternative modalities of being and belonging both in Greece and Turkey.
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Increasing positive affect in adolescence could lead to improved health and well-being in adulthood | ScienceDaily
Adolescents with high positive affect may have improved physical and mental health as adults, according to a study published April 2 in the open-access journal PLOS Medicine by Eric Kim and Renae Wilkinson from Harvard University, US, and colleagues.


						
Positive affect is the experience of pleasurable emotions, such as happiness, joy, excitement, and calm. Research on adults has shown that positive affect is associated with healthier behaviors and decreased risk of chronic diseases, but data are limited in adolescents. Given that adolescence is a critical time for establishing healthy mindsets and behaviors, it represents a key period for interventions aimed at setting people on a healthier life course.

In this study, researchers used data from a prospective, representative sample of approximately 10,000 U.S. adolescents in grades 7-12 (aged about 15-18) in the mid-1990s who were followed into adulthood. Participants reported on aspects of their background, health, and well-being at several time points throughout the study.

The researchers grouped participants based on how much their positive affect increased over one year during adolescence. They then assessed whether adolescents with a higher increase in positive affect had healthier outcomes as adults based on 41 outcomes related to physical health, healthy behavior, mental and psychological well-being, and prosocial behavior.

The results show that adolescents with higher increases in positive affect scored higher on several outcomes within each of these categories, even after controlling for demographic and other variables that may bias the results. One of the biggest effects was seen in mental health, where positive affect was associated with a lower likelihood of ADD/ADHD, anxiety, depression, and stress.

The study suggests that interventions designed to improve positive affect may have enduring impacts into adulthood, though the researchers note the limitations in using self-reported data and the possibility of additional confounding factors that they didn't consider.

The authors add, "Several prominent organizations like the OECD, WHO, and UN are advocating for nations to integrate well-being indicators alongside economic indicators when sculpting policies. Emerging evidence from randomized controlled trials aimed at individuals, and case studies of successful policies aimed at entire populations, suggest positive affect can be enhanced. Our findings suggest that targeting positive affect during adolescence, a critical developmental phase for acquiring health assets and establishing healthy mindsets, is a promising point of intervention that might enhance the trajectory of health/well-being in adulthood."
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Scientists' urgent call: End destruction and forge a just, sustainable future | ScienceDaily

"Climate change, ecological destruction, disease, pollution, and socio-economic inequality are pressing global challenges facing humanity in the 21st century," said Chip Fletcher, lead author and interim Dean of the UH Manoa School of Ocean and Earth Science and Technology. "These crises are not isolated problems but are interwoven, exacerbate each other, and create amplifying feedbacks that pose a grave threat to both the environment and human well-being."

"Environmental and human health are inextricably linked," said David Karl, co-author and professor of oceanography at UH Manoa. "Urgent and comprehensive action is called for, including rapid decarbonization, fostering a more harmonious relationship with nature, and equitable human development."

Global cultural shift

The authors argue that centuries of imperialism, extractive capitalism, and population growth have pushed Earth's ecosystems beyond their limits, and created a broadening pattern of social inequality. The review summarizes the grave threats facing the planet but rejects a "doom and gloom" philosophy. Instead, the authors argue, the threats should motivate swift and substantial actions.

According to the authors, a global economic model focused on wealth accumulation and profit, rather than true sustainability, is a major impediment to decarbonization, conserving natural resources, and ensuring social equity. Therefore, the authors argue, governments should enforce radical, immediate cuts in fossil fuel use, eliminate environmentally harmful subsidies, and restrict trade that generates pollution or unsustainable consumption.

The most vulnerable human populations, those who bear the least responsibility, disproportionately bear the consequences of these interwoven global crises. The broadening pattern of this inequity breeds displacement, disease, disillusionment, and dissatisfaction that ultimately erode social cohesion.




A grossly unequal distribution of wealth has coupled with the increasing consumption patterns of a rising global middle class to amplify ecological destruction. Studies show that the poorest half of the global population owns barely 2% of total global wealth, while the richest 10% owns 76% of all wealth. The poorest 50% of the global population contribute just 10% of emissions, while the richest 10% emit more than 50% total carbon emissions. Climate change, economic inequality, and rising consumption levels intertwine to amplify ecological destruction.

Marine and terrestrial biomes face critical tipping points, while escalating challenges to food and water access foreshadow a bleak outlook for global security. The consequences of these actions are disproportionately borne by vulnerable populations, further entrenching global inequities.

"To avoid these consequences, we advocate a global cultural shift that elevates kinship with nature and communal well-being, underpinned by the recognition of Earth's finite resources and the interconnectedness of its inhabitants," said Krista Hiser, professor of English at Kapiolani Community College at the University of Hawai'i.

Kinship with nature

The authors welcome signs that humanity is interested in changing its value system to prioritize justice and reciprocity within human societies and between humans and natural landscapes and ecosystems, which they see as the best route to true sustainability.

According to Phoebe Barnard, affiliate professor at the University of Washington, "The imperative is clear: to navigate away from this precipice, we must collectively harness political will, economic resources, and societal values to steer toward a future where human progress does not come at the cost of ecological integrity and social equity."

The authors call for a global cultural shift in values, aided by education, robust policy, economic incentives, cross-sector partnerships, community empowerment, corporate accountability, technological innovation, leadership, and cultural narratives delivered through art and media. They conclude that humanity must stop treating these issues as isolated challenges and establish a systemic response based on kinship with nature that recognizes Earth as our lifeboat in the cosmic sea of space.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240402192550.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Companies ignoring climate risks get punished by markets, new study reveals | ScienceDaily
A pioneering study from the University of Florida has quantified corporations' exposure to climate change risks like hurricanes, wildfires, and climate-related regulations and the extent to which climate risks are priced into their market valuations. The research also exposes a costly divide -- companies that proactively manage climate risks fare much better than those that ignore the threats.


						
Using textual analysis of earnings call transcripts from almost 5,000 U.S. public companies, researchers developed novel measures of firms' physical climate risk exposure from weather extremes as well as the 'transition risks' that firms face from the global shift to a low-carbon economy, like shifting to renewable energy and reduced carbon emissions. They found companies facing high transition risks from things like emissions regulations tended to be valued at a discount by investors.

"In recent years, overall investor attention to climate change has increased," explained Qing Li, Clinical Assistant Professor at the University of Florida Warrington College of Business. "As our research shows, companies that have high exposure to transition risk seem to be punished by markets."

However, the valuation discount didn't apply to companies actively working to adapt their business models and reduce climate impacts through strategies like increasing sustainable investments and green technologies. These 'proactive' firms tend to ramp up sustainable innovations and avoid cuts to research spending as transition risks intensify.

In contrast, companies that discuss transition risks but take a passive stance tend to slash R&D budgets and jobs when facing higher climate exposure -- a potential impediment to their long-term competitiveness.

"The divide in strategies and outcomes between proactive and nonproactive firms is quite stark," noted researcher Yuehua Tang, Emerson-Merrill Lynch Associate Professor. "Companies being transparent about their climate vulnerabilities but also demonstrating tangible responses to mitigate those risks seem to be rewarded by markets."

The findings come amid increasing pressure from investors, regulators and activists for companies to publicly disclose climate risks. In 2024, the SEC implemented new rules that require public corporations to report risks from climate change impacts and in some cases their greenhouse gas emissions.

While there are costs for businesses that adapt to both physical and transitional climate risks, the study by Li, Tang, China Europe International Business School's Hongyu Shan (Ph.D. '19) and Georgia State University's Vincent Yao suggests proactive efforts could actually boost valuations and preparedness as investors increasingly consider climate threats when making informed investment decisions.

"Corporate Climate Risk: Measurements and Responses" is published in The Review of Financial Studies. The research team also shares their climate risk measures at: https://www.corporateclimaterisk.com/
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AI writing, illustration emits hundreds of times less carbon than humans, study finds | ScienceDaily
With the evolution of artificial intelligence comes discussion of the technology's environmental impact. A new study has found that for the tasks of writing and illustrating, AI emits hundreds of times less carbon than humans performing the same tasks. That does not mean, however, that AI can or should replace human writers and illustrators, the study's authors argue.


						
Andrew Torrance, Paul E. Wilson Distinguished Professor of Law at KU, is co-author of a study that compared established systems such as ChatGPT, Bloom AI, DALL-E2 and others completing writing and illustrating to that of humans.

Like cryptocurrency, AI has been subject to debate about the amount of energy it uses and its contributions to climate change. Human emissions and environmental impact have long been studied, but comparisons between the two have been scant. The authors conducted a comparison and found that AI systems emit between 130 and 1,500 times less CO2e (carbon dioxide equivalent) per page of text generated than human writers and illustration systems between 310 and 2,900 times less CO2e per image than humans.

"I like to think of myself as driven by data, not just what I feel is true. We've had discussions about something that appears to be true in terms of AI emissions, but we wanted to look at the data and see if it truly is more efficient," Torrance said. "When we did it, the results were kind of astonishing. Even by conservative estimates, AI is extremely less wasteful."

The study, co-written with Bill Tomlinson, Rebecca Black and Donald Patterson of the University of California-Irvine, was published in the journal Nature.

To calculate the carbon footprint of a person writing, the researchers consulted the Energy Budget, a measure that considers the amount of energy used in certain tasks for a set period of time. For example, it is well established how much energy a computer with word processing software uses per hour. When multiplied by the average time it takes a person to write a page of text, on average, 250 words, an estimate can be arrived at. Using the same amount of energy used by the CPUs that operate AI such as ChatGPT, which can produce text much faster, produces an estimate for AI.

Researchers also considered per capita emissions of individuals in the United States and India. Residents of the former have approximate annual emissions of 15 metric tons CO2e per year, while the latter is an average of 1.9 metric tons. The two nations were chosen as they have the highest and lowest respective per capita environmental impact of countries with population higher than 300 million, and to provide a look at different levels of emissions in different parts of the world in comparison to AI.




Results showed that Bloom is 1,400 times less impactful than a U.S. resident writing a page of text and 180 times less impactful than a resident of India.

In terms of illustration, results showed that DALL-E2 emits approximately 2,500 times less CO2e than a human artist and 310 times less than an India-based artist. Figures for Midjourney were 2,900 times less for the former and 370 times less for the latter.

As technologies improve and societies evolve, those figures are almost certain to change as well, Torrance said.

The authors wrote that carbon emissions are only one factor to consider when comparing AI production to human output. As the technologies exist now, they are often not capable of producing the quality of writing or art that a human can. As they improve, they hold the potential to both eliminate existing jobs and create new ones. Loss of employment has potential for substantial economic, societal and other forms of destabilization. For those and other reasons, the authors wrote, the best path forward is likely a collaboration between AI and human efforts, or a system in which people can use AI to be more efficient in their work and retain control of final products.

Legal issues such as the use of copyrighted material in training sets for AI must be considered, the authors wrote, as does the potential for an increase in artificially produced material to result in an increase in the energy it uses and resulting emissions. Collaboration between the two is the most beneficial use of both AI and human labor, the authors wrote.

"We don't say AI is inherently good or that it is empirically better, just that when we looked at it in these instances, it was less energy consumptive," Torrance said.

The research was conducted to improve understanding of AI and its environmental impact and to address the United Nation Sustainable Development Goals of ensuring sustainable consumption and production patterns and taking urgent action to combat climate change and its impacts, the researchers wrote.

For their part, the authors have begun to use AI as an aid in producing drafts for some of their writing, but they also agree on the necessity of carefully editing, and adding to, such drafts manually.

"This is not a curse, it's a boon," Torrance said of AI. "I think this will help make good writers great, mediocre writers good and democratize writing. It can make people more productive and can be an empowerment of human potential. I'm hugely optimistic that technology is getting better in most respects and lightening the effects we have on the Earth. We hope this is just the beginning and that people continue to dig into this issue further."
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Early detection of language disorders helps children obtain right interventions | ScienceDaily
New screening tools in child health care are effective in identifying early language and communication difficulties in children. This is shown by two studies based on more than 6,000 children carried out by researchers at Uppsala University in cooperation with Region Gotland.


						
"These studies underline the crucial role that early screening plays in identifying children who could benefit from speech and language therapy," says Anna Faldt, researcher and specialist speech and language therapist.

In collaboration with Region Gotland, the Child Health and Parenting (CHAP) research group at Uppsala University has carried out two studies in the areas of early language development and language difficulties. Their research is based on data from the medical records of more than 6,000 children in Region Gotland between 2016 and 2022. They show that new screening tools in child health care are effective in identifying early language and communication difficulties in children.

"This research gives us important information for deciding whether these methods should be introduced. However, we also need to look at children's language abilities over a more extended period," Faldt stresses.

The first study, published in Acta Paediatrica, evaluated the impact of introducing Sprakfyran. This is a screening of four-year-olds in which a nurse tests the child, who has to perform tasks including imitating what it hears and pointing to pictures. The study included medical record data from more than 3,500 children and showed that the number of referrals to speech therapists increased sharply after the introduction of Sprakfyran -- from 0.4 to 6.9 per cent. Anna Levin, paediatrician and coordinator of child health services on Gotland, welcomes the results.

"This indicates that Sprakfyran can identify children in need of speech therapy at an early stage, which is very important in child health care," she says.

The second study, published in BMJ Paediatrics Open, evaluated the implementation of the Infant-Toddler Checklist (ITC) at the 18-month visit to child health services. The ITC is a questionnaire which asks parents to respond to questions about the way in which their child plays, expresses itself and understands language. With a sample of more than 2,600 children, the researchers found that the implementation of the ITC led to a high screening rate of 93 per cent and more referrals to child speech and language therapy. The research shows that the tool is an effective means of identifying communication and language disorders at an early stage.

"By implementing effective screening tools, we can make a big difference in giving children with delayed speech and language development the support they need," says researcher Anton Dahlberg.

The research was funded by Lansforsakringar Gotland.
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Gloom and doom warnings about climate change do not work | ScienceDaily
If you want to spread a message about climate change and global warming, you need to adapt the message according to your intended audience and what you want to achieve.


						
Researchers have now developed an app to help people who want to spread their message on climate issues to ensure they generate the most support possible -- be they researchers, politicians, various decision makers or legislators.

Huge survey involving 63 countries

59,000 people participated in surveys as part of the work on creating the app, and Norway was among the 63 countries involved. (You can read about what works best in Norway later in the article)

"The research team created this app that can help raise climate awareness and climate action globally. It is important to highlight messages that research shows are effective," says Isabel Richter, Associate Professor at the Norwegian University of Science and Technology (NTNU's) Department of Psychology.

In total, nearly 250 researchers were involved in the work of testing out different climate messages and tactics. Richter was part of the research team along with colleagues Senior Researcher Stepan Vesely and Professor Christian Klockner, also from NTNU's Department of Psychology.

Previous studies have concentrated on checking attitudes towards individual measures. These might include recycling, use of public transport and energy-saving measures in the home. However, this study looked at a number of different variations. It also received answers from people all around the world, and not only Western, industrialised countries.




The researchers collected data between July 2022 and May 2023, so the figures are very recent. Both the app and the method behind it have now been presented in the Science Advances journal.

Multiple variations

The researchers exposed people to different variations of climate messages and tasks related to climate change. They then investigated their attitudes towards the different climate measures and other types of responses.

To measure how effective the methods were, they checked how willing the participants were to support different points of view and measures regarding climate change. For example, participants were asked whether they saw climate change as a serious threat, whether they supported a carbon tax on fossil energy, or whether they would plant trees themselves as part of the solution.

The researchers also tested whether participants were willing to share messages on social media, such as eating less meat in order to mitigate climate change.

Here are some of the results:
    	INTIMIDATION: "Climate change poses a serious threat to humanity." 

All tactics increased the likelihood of people sharing the climate message on social media, and this doom and gloom messaging style was most effective, at least globally. However, sharing requires little effort from the person doing it. In some countries, scare tactics reduce support for reforestation, a real measure that requires more effort but may work. Scare tactics also reinforced the negative attitudes of people who are already climate sceptics.
    	KNOWLEDGE: "99% of climate experts believe the planet is getting warmer and that climate change is primarily due to human activity." 




Some messages produce different results in different countries. This message, which appeals to the recipient's sense of knowledge, increased support for climate measures in Romania by 9 per cent. In Canada, however, it reduced support by 5 per cent.
    	EMOTIONS: Writing a letter to a child who is close to you about the climate measures we are taking today to make the planet a liveable place in 2055.

This tactic increased support for climate measures in Nigeria, Russia, Ghana, Brazil and the United States by between 5 and 10 per cent. However, in countries such as India, Serbia and the United Arab Emirates, it had little effect, or even reduced support slightly.

Other variations the researchers tested included presenting climate measures that have already been successfully implemented in the past, or portraying climate measures as patriotic or popular choices. Participants were also asked to imagine writing a letter to their future self telling them what type of climate measures they should have taken.

86 per cent believe climate change is a threat

Attitudes varied widely from country to country and depended on both demographics and beliefs. The researchers also divided people into groups according to their nationality, political ideology, age, gender, education, and income.

The results showed that 86 per cent of the participants believed that climate change poses a threat.

More than 70 per cent were supporters of systematic and collective measures to address climate change.

No point in using scare tactics in Norway

Gloom and doom messages about climate change do not work in Norway.

"Writing a letter to future generations is most effective in increasing political support for climate measures, and in increasing the belief that climate change is a problem. The second most effective measure is to say that almost all climate experts agree," Klockner said.

Dire warnings and writing a letter to your future self were the least effective measures in Norway.

"All the alternatives made people in Norway less inclined to share a climate message on social media," adds Richter. In other words, in complete contrast to the results seen globally.

However, people in Norway are quite eager to do something themselves, like planting trees. Here, it is most effective to focus on moral responsibility, the fact that many people acknowledge that climate change is a problem, and also that there is consensus among climate experts.

"The way that I choose to interpret it is that people in Norway like to do something concrete instead of just sharing things on social media," says Associate Professor Richter.

Researchers from New York University and the University of Vienna led the study, but NTNU's contribution was also significant.

"We were involved from the very beginning, developing possible interventions. We assessed intervention proposals from other partners, improved them in collaboration with the group and helped determine which interventions should actually be implemented," says Vesely.

Vesely and Klockner led and funded the collection of data in Norway.

Richter has good contacts in a number of African countries, the involvement of which is not always that easy to get in these types of studies. Among other things, she co-funded and participated in the collection of data from Kenya in particular.

Approximately 50 per cent of the Norwegian funding came from the Norwegian School of Economics (NHH). NHH also organised data collection through Ipsos.

Messages need to be adapted

Some activists believe that scare tactics are precisely what is needed in order for people to take action themselves. Others are of the opinion that it is depressing, demoralising and counterproductive. The study supports both of these hypotheses, but it depends on what you want to achieve.

Scare tactics work if your main focus is on getting people to post about their support on social media, but the venting of anger and frustration on Facebook, TikTok or X doesn't necessarily help the environment. If you want to gather support for things that may actually work, you need to use other means.

It is quite easy to get people to do things that do not require much effort, such as sharing a message on social media.

"Sharing something on social media can in itself feel like taking action. People may feel like 'Now that I have done something, I can get on with my life'. This is behaviour with a very low threshold," says Associate Professor Richter.

However, based on the results from around the world, none of the methods made people more willing to plant more trees for the sake of the environment -- a measure that means people have to put an effort in themselves.

"The findings show that spreading a climate message depends on people's attitudes towards climate change in the first place. Legislators and campaigners must adapt their messaging to the public," says Madalina Vlasceanu, Assistant Professor at New York University and one of the people who led the research project.
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Reducing late-night alcohol sales curbed all violent crimes by 23% annually in a Baltimore neighborhood | ScienceDaily
A new study found that reducing alcohol hours of sale for bars and taverns in a Baltimore, Md. neighborhood also reduced homicides by 51 percent within the first month and by 40 percent annually, pointing to possible opportunities for other cities to address excessive drinking and crime.


						
Simply reducing the hours during which alcohol may be purchased can significantly reduce violent crime, according to a new study led by Boston University School of Public Health (BUSPH) and the Alcohol Research Group of Emeryville, Calif. The findings were published in JAMA Internal Medicine on Monday, April 1.

Substantial research has linked alcohol sales at liquor stores and other establishments to increased neighborhood crime, but this is the first study to look at the impact of changing the hours of sale in a low-income neighborhood on crime in that neighborhood.

The study found that shortening overnight operations by seven hours at bars and taverns in a Baltimore, Md. neighborhood resulted in a 51 percent immediate drop in homicides within the first month, followed by a 23 percent decline in all violent crimes annually in the surrounding area, compared to similar neighborhoods with no change in hours of sale. Homicide rates decreased by 40 percent in each subsequent year.

"We were able to take advantage of this natural experiment, and apply rigorous analytic methods to assess the effect of the change," says study lead author Dr. Erika Rosen of the Alcohol Research Group. "While we expected to see some change, the size of the drop in crime was even more significant than we expected."

The research team evaluated the impact of the Maryland Senate Bill 571 (SB571) passed by the state legislature in 2020. The bill reduced the hours of sale for alcohol in 2020, from 20 hours per day to 13 hours per day (from 6 a.m. to 2 am, to 9 a.m. to 10 p.m.).Their analysis also estimated that this reduction in crime saved the City of Baltimore an estimated $18.2 million in annual costs.

These findings suggest that reducing late-night hours of sale may be an effective way for cities to curb excessive drinking -- a persistent problem that worsened nationwide during the COVID-19 pandemic -- as well as homicides, assaults, and other crimes.




The study team utilized publicly available data to measure total violent crime incidents within 800 feet of bars and taverns in a Baltimore neighborhood from May 2018 to December 2022 -- before and after the new legislation on hours of operation was implemented in September 2020. The team focused on total late-night crime occurrences between 8 p.m. and 4 a.m. around 26 bars and taverns, because these are the times at which crime is most likely to be associated with alcohol use. Then they compared these crimes to crimes happening near 41 other bars and taverns with unchanged hours of operation in demographically similar Baltimore neighborhoods.

The study assessed both violent crime -- defined as homicide, robbery, aggravated assault, and forcible rape -- and common assault, adjusting for neighborhood factors such as population size, percentage of Black and White residents, alcohol outlet totals per square mile, neighborhood disadvantage, and number of convenience stores.

Notably, the researchers also conducted additional sensitivity analyses that confirmed the decline of late-night crimes, suggesting that crimes did not shift to earlier hours of the day or to adjacent neighborhoods.

"Changing the hours of service and sale of alcohol is a relatively simple intervention," said study co-author Dr. David Jernigan, professor of health law, policy & management at BUSPH. "Yet our findings suggest that, even in a period like the COVID-19 pandemic when alcohol consumption was rising, this policy has great promise for other cities and neighborhoods seeking to prevent and reduce crime."

Additional research is needed to test this policy in other cities and for longer periods of time, but the researchers hope this evaluation serves as a potential model for other cities to consider implementing to decrease crime in their neighborhoods and support residents' overall health and safety.

"Our study provides new and compelling evidence that supports the World Health Organization's three "best buys" to reduce alcohol attributable morbidity and mortality through reducing availability of alcoholic beverages, along with increasing prices via taxation and banning alcohol marketing," says study senior author Dr. Ziming Xuan, professor of community health sciences "These findings highlight the critical importance of population-based alcohol policies in violence prevention."

Funding for the study was provided by a pilot research grant from BUSPH, the National Institute on Alcohol Abuse and Alcoholism, and the Centers for Disease Control and Prevention.
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Research reveals language barriers limit effectiveness of cybersecurity resources | ScienceDaily
The idea for Fawn Ngo's latest research came from a television interview.


						
Ngo, a University of South Florida criminologist, had spoken with a Vietnamese language network in California about her interest in better understanding how people become victims of cybercrime.

Afterward, she began receiving phone calls from viewers recounting their own experiences of victimization.

"Some of the stories were unfortunate and heartbreaking," said Ngo, an associate professor in the USF College of Behavioral and Community Sciences. "They made me wonder about the availability and accessibility of cybersecurity information and resources for non-English speakers. Upon investigating further, I discovered that such information and resources were either limited or nonexistent."

The result is what's believed to be the first study to explore the links among demographic characteristics, cyber hygiene practices and cyber victimization using a sample of limited English proficiency internet users.

Ngo is the lead author of an article, "Cyber Hygiene and Cyber Victimization Among Limited English Proficiency (LEP) Internet Users: A Mixed-Method Study," which just published in the journal Victims & Offenders. The article's co-authors are Katherine Holman, a USF graduate student and former Georgia state prosecutor, and Anurag Agarwal, professor of information systems, analytics and supply chain at Florida Gulf Coast University.

Their research, which focused on Spanish and Vietnamese speakers, led to two closely connected main takeaways:
    	LEP Internet users share the same concern about cyber threats and the same desire for online safety as any other individual. However, they are constrained by a lack of culturally and linguistically appropriate resources, which also hampers accurate collection of cyber victimization data among vulnerable populations.
    	Online guidance that provides the most effective educational tools and reporting forms is only available in English. The most notable example is the website for the Internet Crime Complaint Center, which serves as the FBI's primary apparatus for combatting cybercrime.

As a result, the study showed that many well-intentioned LEP users still engage in risky online behaviors like using unsecured networks and sharing passwords. For example, only 29 percent of the study's focus group participants avoided using public Wi-Fi over the previous 12 months, and only 17 percent said they had antivirus software installed on their digital devices.




Previous research cited in Ngo's paper has shown that underserved populations exhibit poorer cybersecurity knowledge and outcomes, most commonly in the form of computer viruses and hacked accounts, including social media accounts. Often, it's because they lack awareness and understanding and isn't a result of disinterest, Ngo said.

"According to cybersecurity experts, humans are the weakest link in the chain of cybersecurity," Ngo said. "If we want to secure our digital borders, we must ensure that every member in society, regardless of their language skills, is well-informed about the risks inherent in the cyber world."

The study's findings point to a need for providing cyber hygiene information and resources in multiple formats, including visual aids and audio guides, to accommodate diverse literacy levels within LEP communities, Ngo said. She added that further research is needed to address the current security gap and ensure equitable access to cybersecurity resources for all Internet users.

In the meantime, Ngo is preparing to launch a website with cybersecurity information and resources in different languages and a link to report victimization.

"It's my hope that cybersecurity information and resources will become as readily accessible in other languages as other vital information, such as information related to health and safety," Ngo said. "I also want LEP victims to be included in national data and statistics on cybercrime and their experiences accurately represented and addressed in cybersecurity initiatives."
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        Stellar collisions produce strange, zombie-like survivors
        Densely packed, fast-moving stars at the Milky Way's center can collide with each other. New research uses simulations to explore the outcomes of these collisions. Some collisions are more like 'violent high fives' while others are full-on mergers.

      

      
        'Smart swarms' of tiny robots inspired by natural herd mentality
        Researchers gave nanorobots a trait called adaptive time delay, which allows them to better work together.

      

      
        Giant phage holds promise as treatment for lung infections
        Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.

      

      
        Plastic-free vegan leather that dyes itself grown from bacteria
        Researchers have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.

      

      
        Intelligent liquid
        Researchers have developed a programmable meta-fluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid. The first-of-its-kind meta-fluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The meta-fluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers th...

      

      
        First results from BREAD experiment demonstrate a new approach to searching for dark matter
        One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it s no minor thing currently, scientists think it makes up about 85% of all the mass in the universe.

      

      
        Elastocaloric cooling: Refrigerator cools by flexing artificial muscles
        There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods.

      

      
        Last chance to record archaic Greek language 'heading for extinction'
        A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.

      

      
        AI writing, illustration emits hundreds of times less carbon than humans, study finds
        A group of scholars calculated the amount of energy used by AI tools for the tasks of writing and illustrating and compared it to the average amount of energy humans use for the same processes. Their results showed artificial intelligence results in hundreds of times less carbon emissions than humans. This does not mean, however, that AI can or should replace humans in those tasks, simply that its energy usage is less. The better approach is a partnership between humans and AI, the authors write.

      

      
        We've had bird evolution all wrong
        Genomic anamolies dating back to the time of the dinosaurs misled scientists about the evolutionary history of birds.

      

      
        Study uses artificial intelligence to show how personality influences the expression of our genes
        An international study using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.

      

      
        Universal brain-computer interface lets people play games with just their thoughts
        Engineers have created a brain-computer interface that doesn't require calibration for each user, paving the way for widespread clinical applicability.
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Stellar collisions produce strange, zombie-like survivors | ScienceDaily
Despite their ancient ages, some stars orbiting the Milky Way's central supermassive black hole appear deceptively youthful. But unlike humans, who might appear rejuvenated from a fresh round of collagen injections, these stars look young for a much darker reason.


						
They ate their neighbors.

This is just one of the more peculiar findings from new Northwestern University research. Using a new model, astrophysicists traced the violent journeys of 1,000 simulated stars orbiting our galaxy's central supermassive black hole, Sagittarius A* (Sgr A*).

So densely packed with stars, the region commonly experiences brutal stellar collisions. By simulating the effects of these intense collisions, the new work finds that collision survivors can lose mass to become stripped down, low-mass stars or can merge with other stars to become massive and rejuvenated in appearance.

"The region around the central black hole is dense with stars moving at extremely high speeds," said Northwestern's Sanaea C. Rose, who led the research. "It's a bit like running through an incredibly crowded subway station in New York City during rush hour. If you aren't colliding into other people, then you are passing very closely by them. For stars, these near collisions still cause them to interact gravitationally. We wanted to explore what these collisions and interactions mean for the stellar population and characterize their outcomes."

Rose will present this research at the American Physical Society's (APS) April meeting in Sacramento, California. "Stellar Collisions in the Galactic Center" will take place on Thursday (April 4) as part of the session "Particle Astrophysics and the Galactic Center."

Rose is the Lindheimer Postdoctoral Fellow at Northwestern's Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA). She began this work as a Ph.D. candidate at UCLA.




Destined to collide

The center of our Milky Way is a strange and wild place. The gravitational pull of Sgr A* accelerates stars to whip around their orbits at terrifying speeds. And the sheer number of stars packed into the galaxy's center is upwards of a million. The densely packed cluster plus the lightning-fast speeds equal a high-speed demolition derby. In the innermost region -- within 0.1 parsecs of the black hole -- few stars escape unscathed.

"The closest star to our sun is about four light-years away," Rose explained. "Within that same distance near the supermassive black hole, there are more than a million stars. It's an incredibly crowded neighborhood. On top of that, the supermassive black hole has a really strong gravitational pull. As they orbit the black hole, stars can move at thousands of kilometers per second."

Within this tight, hectic neighborhood, stars can collide with other stars. And the closer stars live to the supermassive black hole, the likelihood of collision increases. Curious of the outcomes of these collisions, Rose and her collaborators developed a simulation to trace the fates of stellar populations in the galactic center. The simulation takes several factors into account: density of the stellar cluster, mass of the stars, orbit speed, gravity and distances from the Sgr A*.

From 'violent high fives' to total mergers

In her research, Rose pinpointed one factor that is most likely to determine a star's fate: its distance from the supermassive black hole.




Within 0.01 parsecs from the black hole, stars -- moving at speeds reaching thousands of kilometers per second -- constantly bump into one another. It's rarely a head-on collision and more like a "violent high five," as Rose describes it. The impacts are not strong enough to smash the stars completely. Instead, they shed their outer layers and continue speeding along the collision course.

"They whack into each other and keep going," Rose said. "They just graze each other as though they are exchanging a very violent high five. This causes the stars to eject some material and lose their outer layers. Depending on how fast they are moving and how much they overlap when they collide, they might lose quite a bit of their outer layers. These destructive collisions result in a population of strange, stripped down, low-mass stars."

Outside of 0.01 parsecs, stars move at a more relaxed pace -- hundreds of kilometers per second as opposed to thousands. Because of the slower speeds, these stars collide with one another but then don't have enough energy to escape. Instead, they merge to become more massive. In some cases, they might even merge multiple times to become 10 times more massive than our sun.

"A few stars win the collision lottery," Rose said. "Through collisions and mergers, these stars collect more hydrogen. Although they were formed from an older population, they masquerade as rejuvenated, young-looking stars. They are like zombie stars; they eat their neighbors."

But the youthful appearance comes at the cost of a shorter life expectancy.

"They die very quickly," Rose said. "Massive stars are sort of like giant, gas-guzzling cars. They start with a lot of hydrogen, but they burn through it very, very fast."

Extreme environment 'unlike any other'

Although Rose finds simple joy in studying the bizarre, extreme region near our galactic center, her work also can reveal information about the history of the Milky Way. And because the central cluster is extremely difficult to observe, her team's simulations can illuminate otherwise hidden processes.

"It's an environment unlike any other," Rose said. "Stars, which are under the influence of a supermassive black hole in a very crowded region, are unlike anything we will ever see in our own solar neighborhood. But if we can learn about these stellar populations, then we might be able to learn something new about how the galactic center was assembled. At the very least, it certainly provides a point of contrast for the neighborhood where we live."

Rose's APS presentation will include research published by The Astrophysical Journal Letters in March 2024and by The Astrophysical Journal in September 2023.

This work was supported by the National Science Foundation (grant number AST 2206428) and NASA (grant number 80NSSC20K050) as well as by the Charles E. Young Fellowship, the Dissertation Year Fellowship at UCLA, the Thacher Fellowship, the Bhaumik Institute and the CIERA Lindheimer Fellowship.
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'Smart swarms' of tiny robots inspired by natural herd mentality | ScienceDaily
In natural ecosystems, the herd mentality plays a major role -- from schools of fish, to beehives to ant colonies. This collective behavior allows the whole to exceed the sum of its parts and better respond to threats and challenges.


						
This behavior inspired researchers from The University of Texas at Austin, and for more than a year they've been working on creating "smart swarms" of microscopic robots. The researchers engineered social interactions among these tiny machines so that they can act as one coordinated group, performing tasks better than they would if they were moving as individuals or at random.

"All these groups, flocks of birds, schools of fish and others, each member of the group has this natural inclination to work in concert with its neighbor, and together they are smarter, stronger and more efficient than they would be on their own," said Yuebing Zheng, associate professor in the Walker Department of Mechanical Engineering and Texas Materials Institute. "We wanted to learn more about the mechanisms that make this happen and see if we can reproduce it."

Zheng and his team first showcased these innovations in a paper published in Advanced Materials last year. But they've taken things a step further in a new paper published recently in Science Advances.

In the new paper, Zheng and his team have given these swarms a new trait called adaptive time delay. This concept allows each microrobot within the swarm to adapt its motion to changes in local surroundings. By doing this, the swarm showed a significant increase in responsivity without decreasing its robustness -- the ability to quickly respond to any environment change while maintaining the integrity of the swarm.

This finding builds on a novel optical feedback system -- the ability to direct these microrobots in a collective way using controllable light patterns. This system was first unveiled in the researchers' 2023 paper -- recently chosen as an "editor's choice" by Advanced Materials - and it facilitated the development of adaptive time delay for microrobots.

The adaptive time delay strategy offers potential for scalability and integration into larger machinery. This approach could significantly enhance the operational efficiency of autonomous drone fleets. Similarly, it could enable conveys of trucks and cars to autonomously navigate extensive highway journeys in unison, with improved responsiveness and increased robustness. The same way schools of fish can communicate and follow each other, so will these machines. As a result, there's no need for any kind of central control, which takes more data and energy to operate.

"Nanorobots, on an individual basis, are vulnerable to complex environments; they struggle to navigate effectively in challenging conditions such as bloodstreams or polluted waters," said Zhihan Chen, a Ph.D. student in Zheng's lab and co-author on the new paper. "This collective motion can help them better navigate a complicated environment and reach the target efficiently and avoid obstacles or threats."

Having proven this swarm mentality in the lab setting, the next step is to introduce more obstacles. These experiments were conducted in a static liquid solution. Up next, they'll try to repeat the behavior in flowing liquid. And then they'll move to replicate it inside an organism.

Once fully developed, these smart swarms could serve as advanced drug delivery forces, able to navigate the human body and elude its defenses to bring medicine to its target. Or, they could operate like iRobot robotic vacuums, but for contaminated water, collectively cleaning every bit of an area together.
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Giant phage holds promise as treatment for lung infections | ScienceDaily
Researchers have discovered a new bacterial killer that can target common lung infection caused by Burkholderia bacteria that has exciting potential for biotechnological applications.


						
The Burkholderia cepacia complex is a group of bacteria that can cause lung infections, which can be fatal for those with serious lung diseases, particularly Cystic Fibrosis. Infections caused by Burkholderia cenocepacia are difficult to treat, as they can evade antibiotics by pumping them back out of the bacterial cell or by hiding inside human cells.

Scientists from the Sagona lab at the University of Warwick, UK, were interested in finding a way to target these evasive bacteria. One method that researchers are looking into more widely is the use of bacteriophages (phages). Phages are naturally occurring viruses that can infect and kill bacteria. There are more phages in the world than bacteria, animals and humans combined, but they are not yet widely used as clinical treatments in the UK other than as a last resort.

Researchers began by considering where to look for phage that can target and kill B. cenocepacia in the hopes of providing alternative therapeutics for those suffering from infection. Wastewater, particularly from hospitals, is a great source of phages that can target specific bacteria. If Burkholderia are present in wastewater, due to the input of bacteria from humans, phages that can infect and kill these bacteria will also be present and can be isolated by scientists.

Dr Jessica Lewis, who conducted the study, began by taking samples of wastewater from a sewage treatment works outside of Coventry, UK, and isolated a phage specific to B. cenocepacia. Not only did the phage kill B. Cenocepacia when tested, analysis also revealed that the phage is what is known as a jumbo phage. A jumbo phage has a genome which is more than double the size of an average phage. It's rare -- only a few hundred jumbo phages have been discovered since the first was isolated in 1978.

Discovery of a jumbo phage is particularly exciting due to the potential of the unknown elements of its genome. More than 400 genes (around 85% of the total genes) in the new phage have unknown functions. Dr Lewis and her colleagues are now sequencing the DNA of their jumbo phage in an effort to identify potential genes with powerful new functions.

According to Dr Lewis, this is just the beginning: "phage therapy with regular phage is step A, but if we do not want a repeat of resistance and similar problems that we face with antibiotics, we will need to optimise them." Dr Lewis and her team hope that by sequencing the jumbo phage genome they can find DNA that can be engineered to contain further biological weaponry, increasing the phage's arsenal of tools to target and kill B. cenocepacia.

While there is a lot more research needed to work towards human and clinical applications of phages, researchers are also limited by UK policy. Dr Lewis said "Currently in the UK, we cannot make our own phage therapeutics. We would have to isolate the phages here and send these off to certified phage companies either in mainland Europe or America, so that they can generate purified phage cocktails (which are approved for phage therapy and can be applied to patients) and send those back to us." Despite these limitations, Dr Lewis and her team are continuing to pursue the use of phage to target B. cenocepacia and hope that their work will contribute to the wealth of phage research that will one day be used to treat patients.

Dr Jessica Lewis will present her data at this year's Microbiology Society Annual Conference which will take place from Monday 8 April-Thursday 11 April 2024 at Edinburgh International Convention Centre. Her talk "Characterisation of a novel flagellotropic phage targeting Burkholderia cenocepacia" will take place on Monday 8 April.
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Plastic-free vegan leather that dyes itself grown from bacteria | ScienceDaily
Researchers at Imperial College London have genetically engineered bacteria to grow animal- and plastic-free leather that dyes itself.


						
In recent years, scientists and companies have started using microbes to grow sustainable textiles or to make dyes for industry -- but this is the first time bacteria have been engineered to produce a material and its own pigment simultaneously.

Synthetic chemical dyeing is one of the most environmentally toxic processes in fashion, and black dyes -- especially those used in colouring leather -- are particularly harmful. The researchers at Imperial set out to use biology to solve this.

In tackling the problem, the researchers say their self-dyeing vegan, plastic-free leather, which has been fashioned into shoe and wallet prototypes, represents a step forward in the quest for more sustainable fashion.

Their new process, which has been published in the journal Nature Biotechnology, could also theoretically be adapted to have bacteria grow materials with various vibrant colours and patterns, and to make more sustainable alternatives to other textiles such as cotton and cashmere.

Lead author Professor Tom Ellis, from Imperial College London's Department of Bioengineering, said: "Inventing a new, faster way to produce sustainable, self-dyed leather alternatives is a major achievement for synthetic biology and sustainable fashion.

"Bacterial cellulose is inherently vegan, and its growth requires a tiny fraction of the carbon emissions, water, land use and time of farming cows for leather.




"Unlike plastic-based leather alternatives, bacterial cellulose can also be made without petrochemicals, and will biodegrade safely and non-toxically in the environment."

Designer collaboration

The researchers created the self-dyeing leather alternative by modifying the genes of a bacteria species that produces sheets of microbial cellulose -- a strong, flexible and malleable material that is already commonly used in food, cosmetics and textiles. The genetic modifications 'instructed' the same microbes that were growing the material to also produce the dark black pigment, eumelanin.

They worked with designers to grow the upper part of a shoe (without the sole) by growing a sheet of bacterial cellulose in a bespoke, shoe-shaped vessel. After 14 days of growth wherein the cellulose took on the correct shape, they subjected the shoe to two days of gentle shaking at 30degC to activate the production of black pigment from the bacteria so that it dyed the material from the inside.

They also made a black wallet by growing two separate cellulose sheets, cutting them to size, and sewing them together.

As well as the prototypes, the researchers demonstrated that the bacteria can be engineered using genes from other microbes to produce colours in response to blue light. By projecting a pattern, or logo, onto the sheets using blue light, the bacteria respond by producing coloured proteins which then glow.




This allows them to project patterns and logos onto the bacterial cultures as the material grows, resulting in patterns and logos forming from within the material.

Co-author Dr Kenneth Walker, who conducted the work at Imperial College London's Department of Bioengineering and now works in industry, said: "Our technique works at large enough scales to create real-life products, as shown by our prototypes. From here, we can consider aesthetics as well as alternative shapes, patterns, textiles, and colours.

"The work also shows the impact that can happen when scientists and designers work together. As current and future users of new bacteria-grown textiles, designers have a key role in championing exciting new materials and giving expert feedback to improve form, function, and the switch to sustainable fashion."

Greener clothes

The research team are now experimenting with a variety of coloured pigments to use those that can also be produced by the material-growing microbes.

The researchers and collaborators have also just won PS2 million in funding from Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI), to use engineering biology and bacterial cellulose to solve more of fashion's problems, such as the use of toxic chromium in leather's production lines.

Professor Ellis said: "Microbes are already directly addressing many of the problems of animal and plastic-based leather, and we plan to get them ready to expand into new colours, materials and maybe patterns too.

"We look forward to working with the fashion industry to make the clothes we wear greener throughout the whole production line."

The authors worked closely with Modern Synthesis, a London-based biodesign and materials company, who specialise in innovative microbial cellulose products.

This work was funded by Engineering and Physical Sciences Research Council and BBSRC, both part of UKRI.
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Intelligent liquid | ScienceDaily
Researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have developed a programmable metafluid with tunable springiness, optical properties, viscosity and even the ability to transition between a Newtonian and non-Newtonian fluid.


						
The first-of-its-kind metafluid uses a suspension of small, elastomer spheres -- between 50 to 500 microns -- that buckle under pressure, radically changing the characteristics of the fluid. The metafluid could be used in everything from hydraulic actuators to program robots, to intelligent shock absorbers that can dissipate energy depending on the intensity of the impact, to optical devices that can transition from clear to opaque.

The research is published in Nature.

"We are just scratching the surface of what is possible with this new class of fluid," said Adel Djellouli, a Research Associate in Materials Science and Mechanical Engineering at SEAS and first author of the paper. "With this one platform, you could do so many different things in so many different fields."

Metamaterials -- artificially engineered materials whose properties are determined by their structure rather than composition -- have been widely used in a range of applications for years. But most of the materials -- such as the metalenses pioneered in the lab of Federico Capasso, Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering at SEAS -- are solid.

"Unlike solid metamaterials, metafluids have the unique ability to flow and adapt to the shape of their container," said Katia Bertoldi, William and Ami Kuan Danoff Professor of Applied Mechanics at SEAS and senior author of the paper. "Our goal was to create a metafluid that not only possesses these remarkable attributes but also provides a platform for programmable viscosity, compressibility and optical properties."

Using a highly scalable fabrication technique developed in the lab of David A. Weitz, Mallinckrodt Professor of Physics and of Applied Physics at SEAS, the research team produced hundreds of thousands of these highly-deformable spherical capsules filled with air and suspended them in silicon oil. When the pressure inside the liquid increases, the capsules collapse, forming a lens-like half sphere. When that pressure is removed, the capsules pop back into their spherical shape.




That transition changes many of the liquid's properties, including its viscosity and opacity. Those properties can be tuned by changing the number, thickness and size of the capsules in the liquid.

The researchers demonstrated the programmability of the liquid by loading the metafluid into a hydraulic robotic gripper and having the gripper pick up a glass bottle, an egg and a blueberry. In a traditional hydraulic system powered by simple air or water, the robot would need some kind of sensing or external control to be able to adjust its grip and pick up all three objects without crushing them.

But with the metafluid, no sensing is needed. The liquid itself responds to different pressures, changing its compliance to adjust the force of the gripper to be able to pick up a heavy bottle, a delicate egg and a small blueberry, with no additional programming.

"We show that we can use this fluid to endow intelligence into a simple robot," said Djellouli.

The team also demonstrated a fluidic logic gate that can be reprogrammed by changing the metafluid.

The metafluid also changes its optical properties when exposed to changing pressures.




When the capsules are round, they scatter light, making the liquid opaque, much like air bubbles make aerated water appear white. But when pressure is applied and the capsules collapse, they act like microlenses, focusing light and making the liquid transparent. These optical properties could be used for a range of applications, such as e-inks that change color based on pressure.

The researchers also showed that when the capsules are spherical, the metafluid behaves like a Newtonian fluid, meaning its viscosity only changes in response to temperature. However, when the capsules are collapsed, the suspension transforms into a non-Newtonian fluid, meaning that its viscosity will change in response to shear force -- the greater the shear force, the more fluid it becomes. This is the first metafluid that has been shown to transition between Newtonian and non-Newtonian states.

Next, the researchers aim to explore the acoustic and thermodynamic properties of the metafluid.

"The application space for these scalable, easy-to-produce metafluids is huge," said Bertoldi.

Harvard's Office of Technology Development has protected the intellectual property associated with this research and is exploring commercialization opportunities.

The research was supported in part by the NSF through the Harvard University Materials Research Science and Engineering Center grant number DMR-2011754.

It was co-authored by Bert Van Raemdonck, Yang Wang, Yi Yang, Anthony Caillaud, David Weitz, Shmuel Rubinstein and Benjamin Gorissen.
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First results from BREAD experiment demonstrate a new approach to searching for dark matter | ScienceDaily
One of the great mysteries of modern science is dark matter. We know dark matter exists thanks to its effects on other objects in the cosmos, but we have never been able to directly see it. And it's no minor thing -- currently, scientists think it makes up about 85% of all the mass in the universe.


						
A new experiment by a collaboration led by the University of Chicago and Fermi National Accelerator Laboratory, known as the Broadband Reflector Experiment for Axion Detection or BREAD, has released its first results in the search for dark matter in a study published in Physical Review Letters. Though they did not find dark matter, they narrowed the constraints for where it might be and demonstrated a unique approach that may speed up the search for the mysterious substance, at relatively little space and cost.

"We're very excited about what we've been able to do so far," said UChicago Assoc. Prof. David Miller, co-leader for the experiment alongside Fermilab's Andrew Sonnenschein, who originally developed the concept for the experiment. "There are lots of practical advantages to this design, and we've already shown the best sensitivity to date in this 11-12 gigahertz frequency."

"This result is a milestone for our concept, demonstrating for the first time the power of our approach," said Fermilab postdoctoral scholar and study lead author Stefan Knirck, who spearheaded the construction and operation of the detector. "It is great to do this kind of creative tabletop-scale science, where a small team can do everything from building the experiment to data analysis, but still have a great impact on modern particle physics."

'Something is there'

When we look around the universe, we can see that some kind of substance is exerting enough gravity to pull on stars and galaxies and passing light, but no telescope or device has ever directly picked up the source -- hence the name 'dark matter.'

However, because no one has ever seen dark matter, we don't even know exactly what it might look like or even precisely where to look for it. "We're very confident that something is there, but there are many, many forms it could take," said Miller.




Scientists have mapped out several of the most likely options for places and forms to look. Typically, the approach has been to build detectors to very thoroughly search one specific area (in this case, set of frequencies) in order to rule it out.

But a team of scientists explored a different approach. Their design is "broadband," meaning that it can search a larger set of possibilities, albeit with slightly less precision.

"If you think about it like a radio, the search for dark matter is like tuning the dial to search for one particular radio station, except there are a million frequencies to check through," said Miller. "Our method is like doing a scan of 100,000 radio stations, rather than a few very thoroughly."

A proof of concept

The BREAD detector searches for a specific subset of possibilities. It's built to look for dark matter in the form of what are known as "axions" or "dark photons" -- particles with extremely small masses that could be converted into a visible photon under the right circumstances.

Fermilab's Stefan Knirck with components of the BREAD detector.




Thus, BREAD consists of a metal tube containing a curved surface that catches and funnels potential photons to a sensor at one end. The entire thing is small enough to fit your arms around, which is unusual for these types of experiments.

In the full-scale version, BREAD will be settled inside a magnet to generate a strong magnetic field, which ups the chances of converting dark matter particles into photons.

For the proof of principle, however, the team ran the experiment sans magnets. The collaboration ran the prototype device at UChicago for about a month and analyzed the data.

The results are very promising, showing very high sensitivity in the chosen frequency, the scientists said.

Since the results published in Physical Review Letters were accepted, BREAD has been moved inside a repurposed MRI magnet at Argonne National Laboratory and is taking more data. Its eventual home, at Fermi National Accelerator Laboratory, will use an even stronger magnet.

"This is just the first step in a series of exciting experiments we are planning," said Sonnenschein. "We have many ideas for improving the sensitivity of our axion search."

"There are still so many open questions in science, and an enormous space for creative new ideas for tackling those questions," said Miller. "I think this is a really hallmark example of those kind of creative ideas -- in this case, impactful, collaborative partnerships between smaller-scale science at universities and larger-scale science at national laboratories."

The BREAD instrument was built at Fermilab as part of the laboratory's detector R&D program and then operated at UChicago, where the data for this study were collected. UChicago Ph.D graduate student Gabe Hoshino led the operation of the detector, along with undergraduate students Alex Lapuente and Mira Littmann.

Argonne National Laboratory maintains an important magnet facility that will be used for the next stage of the BREAD physics program. Other institutions, including SLAC National Accelerator Laboratory, Lawrence Livermore National Laboratory, Illinois Institute of Technology, MIT, the Jet Propulsion Laboratory, the University of Washington, Caltech, and the University of Illinois at Urbana-Champaign, are working with UChicago and Fermilab on R&D for future versions of the experiment.

Funding: U.S. Department of Energy Office of Science, University of Chicago Joint Task Force Initiative, Cambridge Junior Research Fellowship, Kavli Institute for Particle Astrophysics and Cosmology Porat Fellowship.
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Elastocaloric cooling: Refrigerator cools by flexing artificial muscles | ScienceDaily
There is room for just one small bottle in the world's first refrigerator that is cooled with artificial muscles made of nitinol, a nickel-titanium alloy. But the mini-prototype that the team led by professors Stefan Seelecke and Paul Motzki will be presenting at the Hannover Messe from 22 to 26 April is groundbreaking: it shows that elastocalorics is becoming a viable solution for practical applications. This climate-friendly cooling and heating technology is far more energy-efficient and sustainable than current methods. The research team is developing the new heating and cooling technology in multiple research projects at Saarland University and the Center for Mechatronics and Automation Technology (ZeMa).


						
The new technology, which is now integrated into a small, compact refrigerator prototype, is based on an incredibly simple principle: heat is removed from a space by stretching wires and releasing them again. Known as 'artificial muscles', the shape-memory wires made of super-elastic nitinol absorb heat in the cooling chamber and release it to the outer environment. 'Our elastocaloric process enables us to achieve temperature differences of around 20 degrees Celsius without using climate-damaging refrigerants in a far more energy-efficient manner than today's conventional technologies,' explains Professor Stefan Seelecke, who conducts research at Saarland University and the Saarbrucken Center for Mechatronics and Automation Technology (ZeMa).

The efficiency of elastocaloric materials is more than ten times that of today's air conditioning systems or refrigerators. The U.S. Department of Energy and the EU Commission have declared the cooling technology developed in Saarbrucken to be the most promising alternative to existing processes. It can extract heat from much larger spaces than the small cooling chamber which the engineers are now using to demonstrate elastocalorics at the Hannover Messe. And it can also supply heat to much larger spaces. Heat transfer via the superelastic wires also works for heating applications. In view of climate change, energy shortages and the growing demand for cooling and heating, the process represents a highly promising solution for the future.

To transport heat, the researchers use the special 'superpower' of the artificial muscles made of nitinol: shape memory. Wires made of this alloy remember their original shape and revert to it after they have been deformed or stretched. Like muscles flexing, they can become long and then short again, and are also able to tense and relax. The reason for this lies deep inside the nitinol, which has two crystal lattices -- two phases that can transform into each other. Unlike water, whose phases are solid, liquid and gaseous, the two phases of nitinol are both solid. During these phase transitions of the crystalline structure, the wires absorb heat and release it again: 'The shape-memory material releases heat when it is stretched in a superelastic state and absorbs heat when it is released,' explains Professor Paul Motzki, who holds a cross-institutional professorship at Saarland University and ZeMa, where he heads the Smart Material Systems research group. The effect is intensified if numerous wires are bundled together -- due to their larger surface area, they absorb and release more heat.

Although the principle may at first seem very simple, the research questions that need to be addressed to construct a cooling circuit are highly complex. In the mini-fridge that the research team is currently presenting in Hanover, a specially designed, patented cam drive continuously rotates bundles of 200 micron-thin nitinol wires around a circular cooling chamber: 'As they move in a circle, they are mechanically loaded on one side, i.e. stretched, and unloaded on the other,' explains PhD student Lukas Ehl, who is working on the cooling system. Air is channelled past the rotating bundles into the cooling chamber, where the wires are unloaded and absorb heat from the air. The air then circulates continuously around unloaded wires in the cooling chamber. As they continue to rotate, the wires transport heat out of the cooling chamber and release it when stretched outside the cooling chamber. 'The cooling chamber cools to around 10-12 degrees Celsius using this method,' says student Nicolas Scherer, who is conducting research in the project as part of his Master's thesis.

The engineers in Saarbrucken are researching how the drive keeps the wires permanently in motion, what the air flows look like, in what way the processes are most efficient, how many wires they need to bundle, how strongly they should ideally be stretched for a certain cooling level and much more. They have also developed software that enables them to adjust the heating and cooling technology for different applications and to simulate and plan cooling systems. And they are researching the entire cycle from material production and recycling through to production.

Refrigerators are only just the start. 'We want to leverage the innovative potential of elastocalorics in a wide range of applications, such as industrial cooling, electric vehicle cooling to advance e-mobility and also household appliances,' explains Paul Motzki.

The new technology is the result of over a decade of research in several million-euro research projects and multiple award-winning doctoral dissertation projects. Project funding has come in part from the EU and the German Research Foundation (DFG). The Federal Ministry of Education and Research is investing more than 17 million euros in the DEPART!Saar project, in which the researchers are collaborating with other research institutions and industrial partners. The aim is to give rise to new technology transfer formats and accelerate the path to the market. In several research projects and doctoral dissertation projects, the engineers have also developed a cooling and heating demonstrator that runs continuously and shows how elastocalorics can cool and heat air.

At the Hannover Messe, the Saarbrucken-based experts for smart material systems will also be demonstrating the versatility of their shape memory technology in the form of smart miniature drives, energy-efficient robotic grippers and soft robotic arms in the shape of elephant trunks.
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Last chance to record archaic Greek language 'heading for extinction' | ScienceDaily
A new data crowdsourcing platform aims to preserve the sound of Romeyka, an endangered millennia-old variety of Greek. Experts consider the language to be a linguistic goldmine and a living bridge to the ancient world.


						
The initiative, led by Professor Ioanna Sitaridou from the University of Cambridge, contributes to the UN's International Decade of Indigenous Languages (2022-32), which aims 'to draw global attention on the critical situation of many indigenous languages and to mobilise stakeholders and resources for their preservation, revitalization and promotion.'

Romeyka is thought to have only a couple of thousand native speakers left in Turkey's Trabzon region, but the precise number is hard to calculate especially because of the fact that there is also a large number of heritage speakers in the diaspora and the ongoing language shift to Turkish.

Romeyka does not have a writing system and has been transmitted only orally. Extensive contact with Turkish, the absence of support mechanisms to facilitate intergenerational transmission, socio-cultural stigma, and migration have all taken their toll on Romeyka. A high proportion of native speakers in Trabzon are over 65 years of age and fewer young people are learning the language.

The newly launched trilingual Crowdsourcing Romeyka platform (https://crowdsource.romeyka.org/) invites members of the public from anywhere in the world to upload audio recordings of Romeyka being spoken.

"Speech crowdsourcing is a new tool which helps speakers build a repository of spoken data for their endangered languages while allowing researchers to document these languages, but also motivating speakers to appreciate their own linguistic heritage. At the same time, by creating a permanent monument of their language, it can help speakers achieve acknowledgement of their identity from people outside of their speech community," said Prof. Sitaridou, who has been studying Romeyka for the last 16 years.

The innovative tool is designed by a Harvard undergraduate in Computer Science, Mr Matthew Nazari, himself a heritage speaker of Aramaic. Together they hope that this new tool will also pave the way for the production of language materials in a naturalistic learning environment away from the classroom, but based instead around everyday use, orality, and community.




To coincide with the platform's launch, Sitaridou is unveiling major new findings about the language's development and grammar at an exhibition in Greece (details below).

Sitaridou's most important findings include the conclusion that Romeyka descends from Hellenistic Greek not Medieval Greek, making it distinct from other Modern Greek dialects. "Romeyka is a sister, rather than a daughter, of Modern Greek," said Sitaridou, a Fellow of Queens' College and Professor of Spanish and Historical Linguistics in Cambridge's Faculty of Modern and Medieval Languages and Linguistics. "Essentially this analysis unsettles the claim that Modern Greek is an isolate language."

Over the last 150 years, only four fieldworkers have collected data on Romeyka in Trabzon. By engaging with local communities, particularly female speakers, Sitaridou has amassed the largest collection of audio and video data in existence collected monolingually and amounting to more than 29GB of ethically sourced data, and has authored 21 peer-reviewed publications. A YouTube film about Sitaridou's fieldwork has received 723,000 views to-date.

Grammar and a new phylogeny for Greek

Sitaridou's analysis of the Romeyka infinitive is key. All other Greek dialects known today have stopped using the infinitive found in ancient Greek. So speakers of Modern Greek would say I want that I go instead of I want to go. But, in Romeyka, the infinitive lives on and Sitaridou has observed uncontroversial proof that this Ancient Greek infinitive can be dated back to Hellenistic Greek due to its preservation in a structure which became obsolete by early Mediaeval times in all other Greek varieties, but continued to be used in Romeyka while also undergoing a cross-linguistically rare mutation to a negative item.

Sitaridou's findings have significant implications for our understanding of the evolution of Greek, because they suggest that there is more than one Greek language on a par with the Romance languages (which all derived out of Vulgar Latin rather than out of each other).




Historical context and new field work sites

The roots of the Greek presence in the Black Sea are steeped in myth: from the journey of Jason and the Argonauts to Colchis, to the Amazons. But what we know is that the Greeks began to spread around the Black Sea from approximately the 6th Century BCE. Ionians founded Miletus, which, in turn, founded Sinope, which, eventually, colonized Trebizond. In the Pontus, the language of the first Greek colonizers of Trebizond was the Ionic Greek of Sinope.

In the 4th Century BCE, the passage of Alexander the Great's army contributed to the creation of another Greek-speaking centre, to the South of Pontus, at Cappadocia. It is possible that from Cappadocia, Greek may have also spread northwards towards Pontus.

However, the decisive phase for the expansion of the Greek language seems to be Christianization. The inhabitants of Pontus were among the first converts and are mentioned in the New Testament. The Soumela monastery was founded in 386 CE, around 20 years after the region officially adopted Christianity. The fall of Trebizond to the Ottomans in 1461 led to the city becoming majority Muslim.

Prof. Sitaridou said: "Conversion to Islam across Asia Minor was usually accompanied by a linguistic shift to Turkish, but communities in the valleys retained Romeyka. And because of Islamization, they retained some archaic features while the Greek-speaking communities who remained Christian grew closer to Modern Greek, especially because of extensive schooling in Greek in the 19th and early 20th centuries."

Recently, Prof. Sitaridou started field working in a new site, Tonya, where no other field worker has ever reached, only to reveal significant grammatical variation between the valleys indicating different Islamisation onset. In a publication, to appear soon, it is argued that both the syntax of subordination and negation systems in Tonya show different patterns and thus diachronic development from the Caykara variety.

In 1923, under the Greco-Turkish population exchange, Greek-speaking Christians of Pontus were forced to leave Turkey and relocate to Greece while Romeyka-speaking Muslim communities in the Trabzon area remained in their homeland as they professed Islam, explaining why this Greek variety is still spoken in small enclaves in the region. Since 1923 and until very recently the two speech communities were oblivious of each other's existence.

Preservation of heritage languages and why it matters

Speakers are still reluctant to identify Romeyka as one of their languages since, for Turkish nationalists, speaking Greek goes against the very fundamentals of one's belonging. From a Greek nationalist perspective, these varieties are deemed 'contaminated' and/or disruptive to the ideology of one single Greek language spoken uninterruptedly since antiquity, as Sitaridou explains in an article which is about to be published by the Laz Institute in Istanbul.

In Greece, Turkey and beyond, Sitaridou has used her research to raise awareness of Romeyka, stimulate language preservation efforts and enhance attitudes. In Greece, for instance, Sitaridou co-introduced a pioneering new course on Pontic Greek at the Democritus University of Thrace since the number of speakers of Pontic Greek is also dwindling.

"Raising the status of minority and heritage languages is crucial to social cohesion, not just in this region, but all over the world," Prof. Sitaridou said. "When speakers can speak their home languages they feel "seen" and thus they feel more connected to the rest of the society; on the other hand, not speaking the heritage or minority languages creates some form of trauma which in fact undermines the integration which linguistic assimilation takes pride in achieving."

The same ethos traverses a new AHRC-funded project about the documentation of a critically endangered language, Sri Lanka Portuguese, among Afrodescent communities in north-western Sri Lanka. Sitaridou will be documenting and analysing manja, the only remaining linguistic and cultural expression of African heritage for these communities.

Exhibition at Mohamed Ali's historical House in Kavala this April

The Romeyka exhibition (http://www.romeyka.org/mohaexhibition/index-en.html) runs at the MOHA Research Centre in Kavala, Greece, from 29th March -- 28th April 2024.

The exhibition features previously unpublished archival material from Exeter College, Oxford and photographic material from British School of Athens which give us a glimpse into the Greek-speaking communities and language in the southern Black Sea shores 110 years ago taken by R.M. Dawkins, one of the first field workers in the area. This is combined with photographs and video material from Prof. Sitaridou's own fieldwork, interspersed with panels and audio material to communicate her linguistic findings.

The exhibition aims to generate further reflections on endangered heritages, fragmented and shared identities and collective memory as well as helping us get a better grasp of multilingualism, localised experiences, intergenerational stories of co-existence and displacement, diasporic selves and language loss, and alternative modalities of being and belonging both in Greece and Turkey.
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AI writing, illustration emits hundreds of times less carbon than humans, study finds | ScienceDaily
With the evolution of artificial intelligence comes discussion of the technology's environmental impact. A new study has found that for the tasks of writing and illustrating, AI emits hundreds of times less carbon than humans performing the same tasks. That does not mean, however, that AI can or should replace human writers and illustrators, the study's authors argue.


						
Andrew Torrance, Paul E. Wilson Distinguished Professor of Law at KU, is co-author of a study that compared established systems such as ChatGPT, Bloom AI, DALL-E2 and others completing writing and illustrating to that of humans.

Like cryptocurrency, AI has been subject to debate about the amount of energy it uses and its contributions to climate change. Human emissions and environmental impact have long been studied, but comparisons between the two have been scant. The authors conducted a comparison and found that AI systems emit between 130 and 1,500 times less CO2e (carbon dioxide equivalent) per page of text generated than human writers and illustration systems between 310 and 2,900 times less CO2e per image than humans.

"I like to think of myself as driven by data, not just what I feel is true. We've had discussions about something that appears to be true in terms of AI emissions, but we wanted to look at the data and see if it truly is more efficient," Torrance said. "When we did it, the results were kind of astonishing. Even by conservative estimates, AI is extremely less wasteful."

The study, co-written with Bill Tomlinson, Rebecca Black and Donald Patterson of the University of California-Irvine, was published in the journal Nature.

To calculate the carbon footprint of a person writing, the researchers consulted the Energy Budget, a measure that considers the amount of energy used in certain tasks for a set period of time. For example, it is well established how much energy a computer with word processing software uses per hour. When multiplied by the average time it takes a person to write a page of text, on average, 250 words, an estimate can be arrived at. Using the same amount of energy used by the CPUs that operate AI such as ChatGPT, which can produce text much faster, produces an estimate for AI.

Researchers also considered per capita emissions of individuals in the United States and India. Residents of the former have approximate annual emissions of 15 metric tons CO2e per year, while the latter is an average of 1.9 metric tons. The two nations were chosen as they have the highest and lowest respective per capita environmental impact of countries with population higher than 300 million, and to provide a look at different levels of emissions in different parts of the world in comparison to AI.




Results showed that Bloom is 1,400 times less impactful than a U.S. resident writing a page of text and 180 times less impactful than a resident of India.

In terms of illustration, results showed that DALL-E2 emits approximately 2,500 times less CO2e than a human artist and 310 times less than an India-based artist. Figures for Midjourney were 2,900 times less for the former and 370 times less for the latter.

As technologies improve and societies evolve, those figures are almost certain to change as well, Torrance said.

The authors wrote that carbon emissions are only one factor to consider when comparing AI production to human output. As the technologies exist now, they are often not capable of producing the quality of writing or art that a human can. As they improve, they hold the potential to both eliminate existing jobs and create new ones. Loss of employment has potential for substantial economic, societal and other forms of destabilization. For those and other reasons, the authors wrote, the best path forward is likely a collaboration between AI and human efforts, or a system in which people can use AI to be more efficient in their work and retain control of final products.

Legal issues such as the use of copyrighted material in training sets for AI must be considered, the authors wrote, as does the potential for an increase in artificially produced material to result in an increase in the energy it uses and resulting emissions. Collaboration between the two is the most beneficial use of both AI and human labor, the authors wrote.

"We don't say AI is inherently good or that it is empirically better, just that when we looked at it in these instances, it was less energy consumptive," Torrance said.

The research was conducted to improve understanding of AI and its environmental impact and to address the United Nation Sustainable Development Goals of ensuring sustainable consumption and production patterns and taking urgent action to combat climate change and its impacts, the researchers wrote.

For their part, the authors have begun to use AI as an aid in producing drafts for some of their writing, but they also agree on the necessity of carefully editing, and adding to, such drafts manually.

"This is not a curse, it's a boon," Torrance said of AI. "I think this will help make good writers great, mediocre writers good and democratize writing. It can make people more productive and can be an empowerment of human potential. I'm hugely optimistic that technology is getting better in most respects and lightening the effects we have on the Earth. We hope this is just the beginning and that people continue to dig into this issue further."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240402140354.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



We've had bird evolution all wrong | ScienceDaily
An enormous meteor spelled doom for most dinosaurs 65 million years ago. But not all. In the aftermath of the extinction event, birds -- technically dinosaurs themselves -- flourished.


						
Scientists have spent centuries trying to organize and sort some 10,000 species of birds into one clear family tree to understand how the last surviving dinosaurs filled the skies. Cheap DNA sequencing should have made this simple, as it has for countless other species.

But birds were prepared to deceive us.

In a pair of new research papers released today, April 1, scientists reveal that another event 65 million years ago misled them about the true family history of birds. They discovered that a section of one chromosome spent millions of years frozen in time, and it refused to mix together with nearby DNA as it should have.

This section, just two percent of the bird genome, convinced scientists that most birds could be grouped into two major categories, with flamingos and doves as evolutionary cousins. The more accurate family tree, which accounts for the misleading section of the genome, identifies four main groups and identifies flamingos and doves as more distantly related.

"My lab has been chipping away at this problem of bird evolution for longer than I want to think about," said Edward Braun, Ph.D., the senior author of the paper published in the Proceedings of the National Academy of Sciences and a professor of biology at the University of Florida. "We had no idea there would be a big chunk of the genome that behaved unusually. We kind of stumbled onto it."

Braun supervised an international team of collaborators led by Siavash Mirarab, a professor of computer engineering at the University of California San Diego, to publish their evidence that this sticky chunk of DNA muddied the true history of bird evolution. Mirarab and Braun also contributed to a companion paper published in Nature that outlines the updated bird family tree, which was led by Josefin Stiller at the University of Copenhagen.




Both papers are part of the B10K avian genomics project led by Guojie Zhang of Zhejiang University, Erich Jarvis of Rockefeller University, and Tom Gilbert of the University of Copenhagen.

Ten years ago, Braun and his collaborators pieced together a family tree for the Neoaves, a group that includes the vast majority of bird species. Based on the genomes of 48 species, they split the Neoaves into two big categories: doves and flamingos in one group, all the rest in the other. When repeating a similar analysis this year using 363 species, a different family tree emerged that split up doves and flamingos into two distinct groups.

With two mutually exclusive family trees in hand, the scientists went hunting for explanations that could tell them which tree was correct.

"When we looked at the individual genes and what tree they supported, all of a sudden it popped out that all the genes that support the older tree, they're all in one spot. That's what started the whole thing," Braun said.

Investigating this spot, Braun's team noticed it was not as mixed together as it should have been over millions of years of sexual reproduction. Like humans, birds combine genes from a father and a mother into the next generation. But birds and humans alike first mix the genes they inherited from their parents when creating sperm and eggs. This process is called recombination, and it maximizes a species' genetic diversity by making sure no two siblings are quite the same.

Braun's team found evidence that one section of one bird chromosome had suppressed this recombination process for a few million years around the time the dinosaurs disappeared. Whether the extinction event and the genomic anomalies are related is unclear.




The result was that the flamingos and doves looked similar to one another in this chunk of frozen DNA. But taking into account the full genome, it became clear that the two groups are more distantly related. "What's surprising is that this period of suppressed recombination could mislead the analysis," Braun said. "And because it could mislead the analysis, it was actually detectable more than 60 million years in the future. That's the cool part."

Such a mystery could be lurking in the genomes of other organisms as well.

"We discovered this misleading region in birds because we put a lot of energy into sequencing birds' genomes," Braun said. "I think there are cases like this out there for other species that are just not known right now."

This work was supported in part by the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240401190411.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study uses artificial intelligence to show how personality influences the expression of our genes | ScienceDaily
An international study led by the UGR using artificial intelligence has shown that our personalities alter the expression of our genes. The findings shed new light on the long-standing mystery of how the mind and body interact.


						
The study, published in the journal Molecular Psychiatry (Nature), examines how an individual's personality and underlying outlook on life regulate their gene expression, and thus affect their health and well-being. It is the first study to measure the transcription of the entire genome in relation to human personality.

The multi- and interdisciplinary study was led by researchers from the Andalusian Interuniversity Research Institute in Data Science and Computational Intelligence (DaSCI), the UGR's Department of Computer Science and Artificial Intelligence, and the Biohealth Research Institute in Granada (ibs.GRANADA). It was carried out in collaboration with Professor Robert Cloninger (Washington University in St. Louis), researchers from Baylor College of Medicine (Texas, USA) and the Young Finns Study (Finland).

The international research team (made up of specialists in genetics, medicine, psychology and computer science) used data from the Young Finns Study, an extensive study conducted in the general population of Finland over four decades during which relevant information was collected on participants' health, physical condition and lifestyle. In addition, participants were subjected to extensive personality assessments that addressed both temperament (habits and emotional reactivity) and character (conscious goals and values). The results showed that certain outlooks on life are conducive to a healthy, fulfilling and long life, while others lead to a stressful, unhealthy and short life.

The study analysed the regulation of gene expression in these individuals, taking into account three levels of self-awareness that were measured through their combined temperament and character profiles. These levels were designated "unregulated" -- individuals dominated by irrational emotions and habits associated with their traditions and obedience to authority, "organised" -- self-sufficient individuals capable of intentionally regulating their habits and cooperating with others for mutual benefit, and lastly, "creative" -- self-transcendent individuals who adapt their habits to live in harmony with others, with nature or with the universe, even if this requires occasional personal sacrifices.

Two key findings

As UGR researcher and co-lead author of the study Coral del Val explains: "In our research we made two key discoveries about the expression and organisation of genes according to the personality profiles of these individuals. First, we discovered a network of 4,000 genes that clustered into multiple modules that were expressed in specific regions of the brain. Some of these genes had already been linked in previous studies to the inheritance of human personality. Second, we discovered that the modules formed a functional interaction network capable of orchestrating changes in gene expression in order to adapt to varying internal and external conditions. The modules turned on and off in a flexible manner, facilitating adaptation to the everyday challenges we all face, and choreographing our development."

The researchers showed that the changes in the patterns of interaction between these modules were orchestrated by two sub-networks. One network regulated emotional reactivity (anxiety, fear, etc.), while the other regulated what a person perceives as meaningful (e.g. production of concepts and language). "What's most remarkable is the fact that the networks for emotion and meaning are coordinated by a control centre made up of six genes," notes Elisa Diaz de la Guardia-Bolivar, the other co-lead author of the study. "It is particularly interesting that we found that the six genes of the control hub are highly preserved throughout evolution, from single-celled organisms to modern humans. This finding confirms their beneficial role in regulating the functioning of all forms of life on Earth," she adds.




Identifying these gene networks and the control hub regulating gene expression in humans has practical value because it shows how people can improve the quality of their health, happiness and overall quality of daily life, despite the challenges and stresses we all face.

The UGR's Igor Zwir explains: "In previous research, we found significant differences in well-being between people in the three personality groups, depending on their level of self-awareness. Specifically, those with greater self-awareness (the creative group) reported greater well-being compared to the organised and unregulated groups. We have now shown that these levels of self-awareness are also strongly associated with the regulation of gene expression in the same order (creative > organised > unregulated). This suggests that a person can improve their health and well-being by cultivating a more self-transcendent and creative outlook on life."

However, he cautions that it remains to be confirmed whether the regulation of gene expression through interventions that enhance self-awareness is the mediating factor in the association between self-awareness and well-being. Nevertheless, treatments that promote greater self-transcendence and mindfulness have also been shown to contribute to improvements in all aspects of health, including physical, mental, social and spiritual well-being. It is therefore plausible that the regulation of gene expression is the real mediator in this association.

As the researchers predicted, certain types of genes, such as transcription factors, microRNAs and long non-coding RNAs, showed extensive enrichment in the 4000-gene integrated molecular network. However, the most significant enrichment was observed in a group of RNAs that are thought to have played a crucial role in the origin of cellular life. These RNAs have the ability to form membraneless compartments and carry out chemical reactions, allowing them to adapt rapidly to stress. This process, known as liquid-liquid phase separation (LLPS), creates a comprehensive bioreactor in which the chemicals that are essential for life can be synthesised.

"We are delighted to discover the important roles of different types of genes in health and personality. It is amazing to see that evolution has preserved genes that are thought to have been important in the origin of life, allowing for the increasing plasticity, complexity and consciousness that we observe in humans. The innovative computational methods used in this project enable us to study complex biological systems in humans in an ethical, non-intrusive and beneficial way, with the aim of understanding how to live healthily," says Professor Cloninger. He adds: "These findings clearly demonstrate that a person's mind and body are deeply interconnected. Each influences the other, so they are not separate. It is important to recognise that our future well-being is not entirely determined by our past or present conditions; rather, we can cultivate our own well-being in a creative process full of open-ended possibilities."
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Universal brain-computer interface lets people play games with just their thoughts | ScienceDaily
Imagine playing a racing game like Mario Kart, using only your brain to execute the complex series of turns in a lap.


						
This is not a video game fantasy, but a real program that engineers at The University of Texas at Austin have created as part of research into brain-computer interfaces to help improve the lives of people with motor disabilities. More importantly, the researchers incorporated machine learning capabilities with their brain-computer interface, making it a one-size-fits-all solution.

Typically, these devices require extensive calibration for each user -- every brain is different, both for healthy and disabled users -- and that has been a major hurdle to mainstream adoption. This new solution can quickly understand the needs of an individual subject and self-calibrate through repetition. That means multiple patients could use the device without needing to tune it to the individual.

"When we think about this in a clinical setting, this technology will make it so we won't need a specialized team to do this calibration process, which is long and tedious," said Satyam Kumar, a graduate student in the lab of Jose del R. Millan, a professor in the Cockrell School of Engineering's Chandra Family Department of Electrical and Computer Engineering and Dell Medical School's Department of Neurology. "It will be much faster to move from patient to patient."

The research on the calibration-free interface is published in PNAS Nexus.

From left to right: Satyam Kumar, Hussein Alawieh and Jose del R. Millan.

The subjects wear a cap packed with electrodes that is hooked up to a computer. The electrodes gather data by measuring electrical signals from the brain, and the decoder interprets that information and translates it into game action.




Millan's work on brain-computer interfaces helps users guide and strengthen their neural plasticity, the ability of the brain to change, grow and reorganize over time. These experiments are designed to improve brain function for patients and use the devices controlled by brain-computer interfaces to make their lives easier.

In this case, the actions were twofold: the car racing game, and a simpler task of balancing the left and right sides of a digital bar. An expert was trained to develop a "decoder" for the simpler bar task that makes it possible for the interface to translate brain waves into commands. The decoder serves as a base for the other users and is the key to avoiding the long calibration process.

The decoder worked well enough that subjects trained simultaneously for the bar game and the more complicated car racing game, which required thinking several steps ahead to make turns.

The researchers called this work foundational, in that it sets the stage for further brain-computer interface innovation. This project used 18 subjects with no motor impairments. Eventually, as they continue down this road, they will test this on people with motor impairments to apply it to larger groups in clinical settings.

"On the one hand, we want to translate the BCI to the clinical realm to help people with disabilities; on the other, we need to improve our technology to make it easier to use so that the impact for these people with disabilities is stronger," Millan said.

On the side of translating the research, Millan and his team continue to work on a wheelchair that users can drive with the brain-computer interface. At the South by Southwest Conference and Festivals this month, the researchers showed off another potential use of the technology, controlling two rehabilitation robots for the hand and arm. This was not part of the new paper but a sign of where this technology could go in the future. Several people volunteered and succeeded in operating the brain-controlled robots within minutes.

"The point of this technology is to help people, help them in their everyday lives," Millan said. "We'll continue down this path wherever it takes us in the pursuit of helping people."
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